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Why do residential mortgages carry a fixed or an adjustable interest rate? To answer this
question we study unique data from 103 banks belonging to 73 different banking groups
across twelve countries in the euro area. To explain the large cross-country and time variations
observed, we distinguish between household conditions that determine the local demand for
credit and the characteristics of banks that supply credit. As bank funding mostly occurs at the
group level, we disentangle these two sets of factors by comparing the outcome observed for
the same banking group across the different countries. Local household conditions dominate.
In particular we find that the share of new loans with a fixed rate is larger when: (1) the
historical volatility of inflation is lower, (2) the correlation between unemployment and the
short-term interest rate is higher, (3) households’ financial literacy is lower, and (4) the use of
local mortgages to back covered bonds and of mortgage-backed securities is more widespread.

. Introduction

Conventional mortgages can be classified in two main types: fixed rate mortgages and adjustable rate mortgages. Fixed rate
ortgages (henceforth abbreviated as FRMs) charge a nominal interest rate that does not change during the entire life of the loan.
djustable rate mortgages (henceforth, ARMs) charge an interest rate that is tied to a benchmark and varies over time. The volume
f FRMs and ARMs extended to households in the economy depends on a broad set of factors that affect the demand by borrowers
nd the supply by lenders (ECB, 2009).

A striking feature of the credit market in the euro area is the very large heterogeneity across countries in the granting of FRMs
ersus ARMs. FRMs are dominant in Belgium, France, Germany and the Netherlands, while ARMs are prevailing in Austria, Greece,
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Italy, Portugal and Spain (ECB, 2009; Campbell, 2012). The time variation in the share of FRMs to total new mortgages differs
across countries as well, with little variation over time in Germany and Portugal, but far more in Italy and Greece (ECB, 2009).

This observed variation across countries and over time has three major implications. First, the transmission of monetary policy
s heterogeneous across countries and over time with relevant redistributive effects (Tzamourani, 2021; Pica, 2022). A prevalence of
RMs or ARMs in the economy entails a different interest rate exposure of the household sector. Being a major liability in the balance
heet of most households, mortgages likely play a key role in the transmission of monetary policy (Di Maggio et al., 2017). This
s especially true in systems where ARMs are dominant because, on top of the traditional balance sheet channel and bank lending
hannel, also the cash-flow channel is at work, with significant macroeconomic effects (Garriga et al., 2017; Ippolito et al., 2018;
lodèn et al., 2021; Tzamourani, 2021; Cumming, 2022; Pica, 2022).1 This means that ARMs amplify the transmission mechanism of

monetary policy through mortgage interest payments. Second, the allocation of interest-rate risk between the banking sector and the
real sector differs across countries and over time, with direct consequences for financial stability. For example, in a context of rising
interest rates, mortgage defaults are more likely when ARMs are prevalent (Campbell and Cocco, 2003). Third, the effectiveness of
macroprudential policies in containing mortgage defaults varies across countries and over time, with potential repercussions for the
financial system and the real economy (Stanga et al., 2017).2 In light of that, investigating the determinants of the prevalent type
of mortgage across countries and over time is crucial in order to derive normative insights.

In this paper we exploit unique bank-level information on lending activity in the euro area to analyze what drives the granting
of FRMs versus ARMs. In particular, we investigate to what degree the wide cross-country heterogeneity in the interest rate type
of mortgages is caused by salient differences in the characteristics of borrowing households and/or lending banks. The distinction
between what is potentially attributable to household demand versus bank supply is crucial because the policy implications may
differ substantially depending on the main drivers of the mortgage choice.

In general, household-specific factors include all features that make borrowers demand one or the other type of mortgage, as well
as those that make a household more or less suitable to be financed at a fixed rate. Bank-specific factors include, instead, funding
and liquidity conditions which may influence the ability of banks to supply FRMs.

Our empirical identification and estimation strategy rests on the availability of bank-level information on lending for a set of
banks belonging to a banking group that operates in different markets and it relies on the assumption that funding of the banking
group takes place at the consolidated level. Thus, the ability and willingness of a banking group to grant loans with certain features
is also mainly determined at the consolidated level, particularly when the group operates in a monetary union, such as the euro area.
Intuitively, this allows us to disentangle the impact of household-specific factors from that of bank-specific factors by comparing,
on the one hand, the lending patterns observed for the same cross-border banking group in different economies and, on the other
hand, the lending patterns observed in the same economy by different cross-border banking groups.

In practice, we decompose the variation of the share of FRMs to total new mortgages, henceforth abridged with ‘‘share of FRMs’’,
into ‘‘country-level household factors’’ and ‘‘bank factors’’, by using fixed effects models and exploiting the wide-spread presence of
cross-border banking groups. This approach is close in spirit to Amiti and Weinstein (2018) and Greenstone et al. (2020). Country-
level household factors capture specific features of the borrowing country which are more related to loan demand, that is to the
characteristics of the households in that country, whilst bank supply factors capture funding and liquidity conditions which are
relevant for the lending supply by banks.

The main advantage of our approach is that we are able to jointly investigate the role played by household characteristics and
bank conditions. Moreover, we are not bound to select a list of proxies for demand and supply factors, as typically done in the
literature. Making such a selection is difficult as one cannot be sure that the list is exhaustive and, more importantly, that the
variables under consideration truly capture only demand or only supply. On the down side, our estimated country-level household
factors are not directly interpretable in economic terms, as they are likely to encompass a heterogeneous set of variables. Thus, in
a second step, and similar to Ongena and Smith (2000), we adopt a two-stage approach whereby the estimated loadings on the
country-level household factors are regressed on variables that are theoretically motivated.

Our main finding indicates a prominent role for country-level household factors which explain almost 72% of the total variation
in the share of FRMs observed in the sample, as opposed to 19% associated with bank factors (the remaining 9% being the variation
that the model is unable to explain).

In an extension of the baseline model we explore more in detail the time variation in the share of FRMs, which turns out to
be strongly and negatively correlated with the term spread, that is the slope of the yield curve. In line with the main findings, the
results of this exercise suggest that changes in the term spread mainly entail changes in the demand for FRMs, relatively to ARMs.
Specifically, 79% of the variation in the share of FRMs driven by the term spread is ascribable to country-level household factors,
although the elasticity of demand on the term spread differs across countries.

We more broadly explore the economic variables behind the cross-country differences in local household conditions, according to
the two-stage procedure, as described above. The variables selected are taken from the existing literature, but we also put emphasis
on a novel variable that has not been considered so far. We start from the observation that if households expect to be unemployed
when interest rates are low, the ARM provides households with an insurance coverage (while the FRM does not). This simple
(but at first sight somewhat counter-intuitive) observation leads us to check whether the share of FRMs is related to the correlation

1 The cash-flow channel is the mechanism whereby conventional monetary policy actions are transmitted directly to borrowers’ balance sheets via a change
n the interest rate paid on outstanding (indexed) loans.

2 Stanga et al. (2017) show that restrictive macroprudential policies are negatively associated with mortgage delinquencies in countries where FRMs are
2

revalent.
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between the unemployment rate and the short-term interest rate. This correlation turns out to be highly significant and economically
relevant in explaining the component of the share of FRMs associated to country-level household factors. Specifically, an increase
in the correlation between the unemployment rate and the short-term interest rate by one standard deviation (an increase of 0.49)
leads to an increase of 14 percentage points in the average share of FRMs per country explained by household conditions.

Concerning the statistical significance of the other (more standard) economic factors underlying the country-level household
actors (having controlled for bank factors), we document a role for financial literacy, whose effect turns out to be negative, in line
ith the notion that more educated borrowers can better understand complex financial products such as ARMs.

Households in countries where the covered bonds market is more developed are more likely to borrow at a fixed rate, given
hat such bank funding instruments backed by mortgages are typically issued at long maturities and at fixed rates. For a similar
eason, also the volume of securitized mortgages entails a higher likelihood of households selecting a FRM. An increase in the
utstanding amount of mortgage covered bonds and residential mortgage-backed securities, scaled by GDP, by one standard
eviation (corresponding to 6 percentage points for both) leads to an increase of 32 and 17 percentage points, respectively, in
he average share of FRMs per country explained by the demand.

Finally, high historical volatility of inflation is strongly and negatively related to the share of FRMs, consistent with the idea that
he macroeconomic history of a country affects households’ mortgage choices. A one standard deviation increase in the historical
nflation volatility (an increase of 9 basis points) entails a decrease of 59 percentage points in the average share of FRMs per country.

We complete our study adopting a similar approach to explain prices instead of quantities, that is considering as dependent
ariable the spread between FRMs and ARMs interest rates, rather than the share of FRMs. Our findings indicate that also the
pread between FRMs and ARMs interest rates is mainly driven by country-level household conditions.

The remainder of the paper is organized as follows. The next section reviews the existing literature and explains the contribution
f our work. Section 3 discusses the identification strategy, while Section 4 describes the dataset. Section 5 presents the methodology
nd the results of the empirical analysis. Section 6 concludes.

. Literature and contribution

.1. Demand and supply factors

The existing literature provides both theoretical modeling and empirical evidence on the determinants of the prevalent type of
ortgage. A wide range of household factors and bank factors may drive the choice between FRMs and ARMs.

Household factors consist in all conditions affecting households’ preference for one or the other type of mortgage, as well as their
bility to be financed at a fixed rate. The risk profile of the lending exposure determines if a mortgage can be financed through
ong-term funds at a fixed rate, for example, by issuing covered bonds or mortgage-backed securities.

In general, an important role is ascribed to borrower’s financial condition and level of education. In a pioneering work, Campbell
nd Cocco (2003) derive relevant theoretical predictions by treating mortgage choice as a problem in household risk management.
n their framework, households subject to binding borrowing constraints at the time of the loan application, such as low income
nd low level of savings, are likely to choose the loan with the lowest interest rate. In general, this is then an adjustable rate as
fixed interest rate will include a term premium and the cost of the prepayment option.3 Yet, an ARM exposes households to the

income risk of short-term variability in the periodic payments. Thus, households with a limited income risk bearing capacity, for
example in case of high loan-to-income ratio and low financial wealth, are likely to select a FRM.

Several empirical papers have extensively investigated the role of income, savings, indebtedness and financial wealth in the
choice of housing loans relying on households’ income and wealth surveys (Paiella and Pozzolo, 2007; Fornero et al., 2011; Cocco,
2013; Ehrmann and Ziegelmeyer, 2017). These studies provide a general support for the predictions of Campbell and Cocco (2003).

Borrowers’ education, especially the degree of financial literacy, is an important driver of mortgage choice as well (Agarwal
et al., 2010; Fornero et al., 2011; Gathergood and Weber, 2017). In general, more educated borrowers have a deeper understanding
of the intrinsic features of ARMs and FRMs. On the one hand, they are aware that, unconditionally, a FRM is more expensive than
an ARM, due to the term premium and the cost of the prepayment option mentioned above. For this reason, they are more likely
to select an ARM (Agarwal et al., 2010; Gathergood and Weber, 2017). On the other hand, they are also mindful of the potential
exposure to income risk if they choose an ARM (Fornero et al., 2011).

Bank factors consist in bank funding and liquidity conditions. In general, the composition of liabilities affects, and is affected,
by the type of loan a bank is more willing to offer (Kirti, 2020). Since bank liabilities have typically a short duration, banks have
a preference in originating ARMs.4 However, a few empirical studies show that low bank bond spreads, low deposit pass-through,
low exposure to interest rate risk and high access to securitization make banks more prone to extend fixed rate loans (Fuster and
Vickery, 2014; Foà et al., 2019; Basten et al., 2017).

3 The interest rate on an ARM is close to the short-term interest rate. The interest rate on a FRM is related, instead, to the long-term interest rate. The
xistence of a term premium and a cost of early repayment means that the interest rate on a FRM is not equivalent to the expectation of the future short-term
nterest rate. As a consequence, at inception of a loan the interest rate on an ARM and the interest rate on a FRM are not equivalent.

4 This holds true as long as banks can bear the exposure to interest rate risk, as documented by Hoffmann et al. (2019). Indeed, if banks were to fully hedge,
3

hey would be equally willing to supply FRMs and ARMs.
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Beside these rather intuitive factors, there exist a set of macroeconomic factors that exert their effects either through demand or
upply. These include current and future expected interest rates, as well as the unemployment rate and the macroeconomic history
f a country.

The current spread between the interest rates on FRMs and ARMs is a leading factor of mortgage choice (Paiella and Pozzolo,
007; Koijen et al., 2009; Fornero et al., 2011; Badarinza et al., 2018). This suggests that households behave myopically, selecting
he type of loan that requires the lowest payments at the time of the loan application. However, households’ expectations on the
uture interest rate applied on ARMs play a role as well, but only over the short horizon of one year (Koijen et al., 2009; Foà et al.,
019; Badarinza et al., 2018).

The difference between long-term and short-term interest rates is a component of the spread between FRMs and ARMs interest
ates. As such, the current term spread is also a determinant of mortgage choice (Koijen et al., 2009; Basten et al., 2017; Ehrmann
nd Ziegelmeyer, 2017). Since in the literature on the bank lending channel the level of interest rates is recognized to be able to
hift both the demand and the supply of credit, one can surmise that the term spread may act as a shifter of both the demand and
he supply of FRMs, relatively to ARMs.

The historic volatility of inflation plays an important role in the choice of mortgages as well. Countries with a history of high
olatility of inflation show a prevalence of ARMs (Campbell, 2012; Badarinza et al., 2018). This is because the supply of FRMs is low
hen inflation is volatile and prepayment penalties are low, as lenders are more exposed to inflation risk than borrowers through
FRM. In fact, if inflation rises, the real value of payments declines, hereby favoring the borrower at the expense of the lender.
onversely, if inflation declines, the real value of payments increases, but the borrower often has the option to prepay and refinance
t lower rates (Campbell and Cocco, 2003; Campbell, 2012; Badarinza et al., 2018). The dominance of ARMs in countries with a
istory of high inflation persists even after the adoption of the euro (i.e., after the national inflation rates converged), suggesting a
ubstantial inertia in households’ behavior (Campbell, 2012).

The volatility of the unemployment rate, as a proxy for households’ expected income, is an additional driver of the prevalent
ype of mortgage. In countries with high volatility of the unemployment rate households are more likely to select a FRM, as future
ncome is expected to be unstable (Ehrmann and Ziegelmeyer, 2017).

Guren et al. (2021) emphasize the prominent role in mortgage choice of the monetary policy reaction function to aggregate
hocks. If the central bank decreases interest rates in response to a crisis, an ARM provides households with higher insurance
enefits allowing a higher degree of consumption smoothing. We are the first to test empirically this prediction including among
ur country demand factor a novel variable, namely the correlation between the unemployment rate and the short-term interest
ate.

Table A1 in Appendix A.1 summarizes all the determinants of mortgage choice identified in the literature, as well as those
nalyzed in this study.

.2. Contribution

The existing literature investigates the plethora of factors driving the choice between FRMs and ARMs, mainly focusing on one
pecific country and without providing information on the relative importance of household and bank factors. To the best of our
nowledge, the works of Ehrmann and Ziegelmeyer (2017) and Badarinza et al. (2018) are the only two papers to examine the
eterminants of mortgage choice across countries.

Using a new household wealth survey, the Eurosystem household finance and consumption survey, Ehrmann and Ziegelmeyer
2017) provide a deep investigation of the household-specific factors, but ignore bank-specific factors. Relying on monthly country-
evel information, Badarinza et al. (2018) analyze how current and future expected interest rates affect the time variation in the
hare of ARMs to total new mortgages. They partially investigate the cross-country variation as well, but look exclusively at the role
layed by the historic volatility of inflation. Both these studies are not able to investigate jointly the broad spectrum of household
nd bank factors driving mortgage choice, neither to disentangle their impact.

We are able to overcome these limitations by using unique granular bank-level information on a sample of intermediaries
perating in twelve countries in the euro area. The structure of our dataset allows us to take a step towards identifying the role of
ousehold and bank conditions in shaping the demand and supply of FRMs, relatively to ARMs. Assessing the relative importance
f household-specific factors and bank-specific factors is crucial because the policy implications may differ substantially depending
n what is the actual driver. Eventually, we are the first to explore the role of households’ and banks’ conditions also on the relative
rice of FRMs and ARMs.

. Identification

Our identification strategy builds on the idea that funding takes place at the consolidated bank level. This allows us to disentangle
ountry-level household factors from bank factors by comparing the lending behavior of the same cross-border banking group in
ifferent countries, as well as the lending behavior in the same economy by different cross-border banking groups operating there.

Our identification strategy is supported by several facts. First, lending policies are mainly driven by bank funding and liquidity
onditions. In a cross-border banking group funding is defined at the consolidated level as to minimize the cost of capital. For
xample, Gu et al. (2015) show that international banks raise debt through subsidiaries operating in countries with a more favorable
ax system. In general, cross-country differences in terms of taxation, regulation, bureaucracy, services and infrastructure, as well as
4
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the development of capital markets play a crucial role in the way banks issue long-term funding instruments. Additionally, in a cross-
border banking group funding mainly occurs at the consolidated level. Although international banks have progressively adopted a
more decentralized funding model after the recent financial crisis, Gambacorta et al. (2019) show that cross-border banks’ liabilities
from foreign branches and subsidiaries represent, even recently, only 41% of total funds raised abroad. For similar reasons, also
liquidity conditions are defined at the consolidated level. As a consequence, the ability and willingness of a cross-border banking
group to grant loans with given characteristics is also mainly determined at the consolidated level. This is especially true if the group
operates in a monetary union, such as the euro area, characterized by homogeneous regulations and integrated capital markets.

Second, when looking at cross-border banks, investors and regulators are mainly focused on consolidated balance sheets. For
xample, the ‘‘core principles for effective banking supervision’’ depicted by the Basel Committee on Banking Supervision pointedly
efer to the assessment of consolidated balance sheet conditions, also regarding the exposure to interest rate risk (BCBS, 2012). These
rinciples are broadly confirmed by the ECB guide to banking supervision (ECB, 2014). Additionally, the design of banks’ surveys is
ypically aimed at gauging lending standards at the consolidated level. This is the case, for example, of the Euro Area Bank Lending
urvey and the Senior Loan Officer Opinion Survey, run by the Eurosystem and by the Federal Reserve System, respectively.

Third, our identification assumption is consistent with the literature on cross-border banks as shock propagators. This literature
hows that funding and liquidity shocks to the holding of a cross-border banking group affect local lending supply (Cetorelli and
oldberg, 2011, 2012; Schnabl, 2012; Célérier et al., 2020).

While it is reasonable to argue that lending policies are mainly driven by funding and liquidity conditions of the banking group,
e cannot exclude that local funding or other factors may affect bank supply at the country level. For example, local subsidiaries
ay experience a certain degree of flexibility, which would be subsumed in our country-level household factors. However, the fact

hat fund-raising and liquidity conditions are prominent determinants of lending supply, as well as the fact that they are mostly
efined at the consolidated level, ensures that our identification strategy is reliable.

More importantly, we cannot exclude that cross-border banks define local lending policies taking into account the household
onditions that are specific to each country in which they operate. For example, it could be the case that a bank is less willing to
xtend ARMs in an economy characterized by high default rates (if it thinks that granting ARMs would entail even higher default
ates). Our methodology includes such component of lending decisions that varies with borrowers’ characteristics within the broad
ategory of country-level household factors. In this respect, our analysis shares exactly the same advantages and limitations of studies
xploiting more granular data to identify household conditions. Even in studies relying on, e.g., credit register data, factors that
hape the risk-profile of households, and hence their borrowing capacity, are often subsumed by (time invariant or time varying)
orrower fixed effects, which are typically meant to capture household (demand) conditions (Khwaja and Mian, 2008; Amiti and
einstein, 2018).

. Data

This paper uses the Individual Monetary and Financial Institution Interest Rates (IMIR) dataset held by the Bank of Italy. This
ataset includes monthly bank-level information on a representative sample of 103 monetary and financial institutions (MFIs),5

which we will henceforth simply call ‘‘banks’’, acting in twelve countries in the euro area. In particular our panel includes banks
operating in Austria, Belgium, France, Germany, Greece, Italy, Latvia, Luxembourg, Portugal, Slovenia, Spain and the Netherlands.
Data cover the period that goes from July 2007 to December 2015.

The available information encompasses the amount granted and the weighted average interest rate applied to adjustable rate
and fixed rate mortgage contracts. ARMs are identified as loans to households for house purchase with a floating rate and interest
fixation period of up to one year, whereas FRMs are identified as mortgages with an interest fixation period of over one year. For
FRMs we also have information on the volume and price of loans with a fixation period over 10 years. While the typical length of a
FRM may vary across countries, loans with an interest fixation period of over 10 years represent, on average, half of FRMs extended
in a given country in our sample. This ensures a certain comparability of FRMs across different jurisdiction. We caveat, though, that
we do not have information on prepayment penalties and other specific contract terms.

Overall, we have 103 banks associated to 73 banking groups. The latter include 5 cross-border banking groups with 19 affiliated
banks out of the 103 in total. Detailed information on the composition of banks in our dataset is exposed in Table 1. While the
supervisory of our data is per se a guarantee of representativeness, we note that new mortgages extended by banks in our sample
correspond, on average, to 34.2% of total mortgage origination in each country and each month.

Fig. 1 shows the average share of FRMs, the average spread between FRMs and ARMs interest rates, and the term spread computed
as the difference between the 10-year Interest Rate Swap rate and the 3-month Overnight Index Swap rate at the semi-annual level.
Looking at the average share of FRMs, we find a substantial cross-country heterogeneity. We can divide countries in two main
groups. France, Germany and the Netherlands exhibit a large proportion of FRMs over the entire time period of our analysis. All the
other countries exhibit more time variation and for most of them the average share looks negatively related to the average spread.
Looking at the spread between FRMs and ARMs interest rates, some differences are observable as well, although for this metric the
heterogeneity seems contained. The time patterns of the average spread largely reflect those of the slope of the term structure as
measured by the term spread.

5 According to the European Central Bank monetary and financial institutions are resident credit institutions as defined in European Union law, and other
esident financial institutions whose business is to receive deposits and/or close substitutes for deposits from entities other than MFIs and, for their own account
5

at least in economic terms), to grant credits and/or make investment in securities.
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Table 1
Overview of Banks and Banking Groups, by Country The table reports summary statistics on the distribution of the 103 banks belonging to 73 banking
groups in our sample by country. The first two columns distinguish between banks with a domestic top holder and banks with a foreign top holder. The third
column reports the distribution across countries of the 19 banks affiliated to a cross-border banking group. The last two columns splits the 73 banking groups
into those that operate only in one country (domestic) and those that operate in multiple countries (cross-border).

Country Banks with a domestic Banks with a foreign Banks belonging to a Domestic Cross-border
top holder top holder cross-border banking group banking groups banking groups

Germany 35 1 5 26 1
Italy 16 2 3 12 1
France 13 0 4 2 3
Spain 10 1 1 9 0
Austria 3 1 1 3 0
Slovenia 2 2 2 2 0
Belgium 3 1 1 3 0
Greece 4 0 0 4 0
The Netherlands 0 3 0 3 0
Portugal 3 0 0 3 0
Luxembourg 0 2 2 0 0
Latvia 1 0 0 1 0

Total 93 10 19 68 5

Fig. 2 displays the evolution of the share for domestic and foreign banks within countries, for the two representative group of
conomies. The heterogeneity across banks within (these groups of) countries is non negligible, but still much smaller than what
s observable across such (groups of) countries. In both groups of economies foreign banks behave consistently with the domestic
anks of the country in which they operate. This evidence suggests that country-level household factors may play a major role than
ank factors.

Table 2 reports basic statistics for the share of FRMs and the spread between FRMs and ARMs interest rates for each country in
ur data set.

. Empirical analysis

.1. Baseline model

Our methodology relies on the approach proposed by Amiti and Weinstein (2018), although applied to our unique dataset, and
xploits cross-border banking groups to decompose the share of FRMs into country-level household factors and bank factors.6 More

specifically, we estimate the following type of regression:

𝑠ℎ𝑎𝑟𝑒(𝑏, 𝑐, 𝑡) = 𝛼(𝑐, 𝑡) + 𝛽(ℎ(𝑏), 𝑡) + 𝜀(𝑏, 𝑐, 𝑡) (1)

In Eq. (1) the share of FRMs extended by a given bank 𝑏 operating in a given country 𝑐 at time 𝑡 is regressed on a set of different
fixed effects. The terms 𝛼(𝑐, 𝑡) represent month-country fixed effects. They capture all observable and unobservable time varying
and time invariant characteristics of country 𝑐 and, as such, they are meant to capture the household conditions prevailing in
that economy. Obviously, no other country specific controls can be added to the specification, as these would be subsumed in the
month-country fixed effects. This means that the inclusion of month-country fixed effects in Eq. (1) is equivalent to the use of an
arbitrarily large set of country macroeconomic controls, which is why we argue that we are effectively capturing country-level
household factors. Nonetheless, their limitation in this context is related to the inability to control for borrower conditions that are
specific to individual intermediaries. As most of our analysis focuses on cross-border banks, and since these are typically large banks
operating on a national scale and with a diversified set of borrowers, we consider our approach appropriate. The terms 𝛽(ℎ(𝑏), 𝑡)
represent month-banking group fixed effects, ℎ(𝑏) denoting the holding of bank 𝑏. They consist in all observable and unobservable
time varying and time invariant characteristics of banking group ℎ and, as such, they are aimed at capturing bank conditions. In
ight of the fact that lending policies are usually defined at the consolidated level taking into account the financing conditions of
he entire group, we argue that this set of fixed effects reasonably accounts for bank supply factors.7

By construction, Eq. (1) can only be estimated in the subsample of observations pertaining to cross-border banking groups. In
this sample, Eq. (1) provides the upper limit of the 𝑅2 that is achievable by regressing the share of FRMs on any set of variables
capturing (time varying) characteristics of the borrowing country 𝑐 and (time varying) characteristics of the lender ℎ. Ideally, we

6 Greenstone et al. (2020) adopt a similar methodology, but they decompose the variation of their dependent variable using time invariant rather than time
arying fixed effects.

7 Cross-border banks may sort themselves in countries that share similar characteristics. Even within a country, they may specialize in lending to households
hat demand a certain type of mortgage. If this is the case, our banking-group fixed effects may capture demand rather than supply factors. Nevertheless, the
et of cross-border banks that we exploit in our regression analysis includes big universal banks which operate in countries that show a significant difference in
6

he prevalent type of mortgage. Such big players are likely to operate on a national scale without specializing in a specific type of mortgage.
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Fig. 1. Share of FRMs and spread between FRMs ands ARM interest rates. The figure shows the average share of FRMs by country (a), the average spread
etween FRMs and ARMs interest rates by country (b-left), and term spread computed as the difference between the 10-year Interest Rate Swap rate and the
-month Overnight Index Swap rate (b-right) at the semi-annual level.

ould control for supply factors at the bank level, as we cannot exclude the possibility that some of these intermediaries experience
ome degree of autonomy (Houston et al., 1997). We investigate whether this is the case by estimating alternative specifications to
odel (1) where we can say something about the role of bank-specific factors defined at the individual bank level. Of course this

omes at some cost, as it requires to abandon the use of time varying fixed effects. We evaluate the size of costs associated with this
7
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Fig. 2. Share of FRMs for groups of countries. The figure shows different statistics (first quartile, median, second quartile and average) for the share of FRMs
of domestic banks and foreign banks for two groups of countries at the semi-annual level. The first group (left) includes France, Germany and the Netherlands.
The second group (right) includes Austria, Belgium, Greece, Italy, Latvia, Luxembourg, Portugal, Slovenia and Spain. Domestic banks are banks with a domestic
bank holding. Foreign banks are banks with a foreign bank holding. Q1 and Q3 stand for first quartile and third quartile, respectively.
Share of FRMs 1st group (left) and share of FRMs 2nd group (right)

approximation. Eventually, in order to exploit the information available in the entire sample, we also explore simpler specifications
where the set of controls is less fine that what is implied in model (1).

5.2. Baseline results

Models 1-3 of Table 3 report three specifications in which the share of FRMs is regressed on, respectively, month-country fixed
effects, month-banking group fixed effects and both of these sets of fixed effects jointly. The latter is exactly the model specified
in Eq. (1). Month-country fixed effects explain a significant fraction of the variation in the share (84%), suggesting a prominent role
of country-level household factors. When considered alone, month-banking group fixed effects also explain some of the variation in
the dependent variable (32%), but significantly less than month-country fixed effects. If taken together these two sets of fixed effects
can explain 91% of total variation in the share. By decomposing the 𝑅2 of model 3 according to the Shorrocks-Shapely approach,
we find that the component of 𝑅2 related to month-country fixed effects (72%) is considerably higher than the component related
to month-banking group fixed effects (19%), confirming that country-level household conditions play a prominent role.8

When saturating the previous specification by including also bank (time invariant) fixed effects, as in model 4, we are able to
explain almost the entire variation in the dependent variable. Even if we interpret these dummies as (time invariant) supply factors
at the bank level, we would still conclude that overall bank conditions explain only a minor portion of the total variation in the
share of FRMs.

To limit concerns that month-country fixed-effects capture to some extent bank factors that are specific to each country where
the banking group operates, in model 5, we focus on a subset of banking groups whose holding company plays a more prominent
role in driving the supply of FRMs versus ARMs. If we rely on heteroscedasticity robust standard errors, the estimates of model 2
reveal that about half of the coefficients of the month-banking group dummies are statistically significant and these observations
pertain to three banking groups. Intuitively, these are exactly the banking groups where credit decisions are more centralized. We,
thus, re-estimate model 3 on the subset of these three banking groups. Results are virtually unchanged compared to model 3.

One may be concerned whether the specific sample over which we are able to conduct our exercise, which is given by all
observations (bank-month pairs) pertaining to cross-border banking groups, is representative enough. As shown in Table 3, this
sample comprises 1644 observations, corresponding to about one fourth of the overall sample. On average, each cross-border banking

8 In the fixed-effect decomposition of model 3 we have 688 month-country dummies versus 480 month-banking group dummies. Although the number of the
ormer is 28% larger than the number of the latter, the two sets of fixed effects are quite balanced. As will we show in the next section, results remain virtually
nchanged when we re-estimate the model on a subsample of 1085 observations covering countries and time periods for which we have information on a set of
acroeconomic characteristics of the country (model 3 of Table A2). The econometric specification of this subsample encompasses 360 month-country dummies

nd 393 month-banking group dummies. Although, in this case, the set of month-banking group fixed effects is somewhat larger than the set of month-country
ixed effects, we still find that country-level household conditions have a much higher explanatory power than bank factors. This means that our results are not
8

riven by the relative size of the two sets of fixed effects included in the model.
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Table 2
Overview of the Share of FRMs and the Spread between FRMs and ARMs interest rates, by Country The table reports summary statistics on i) the share
of FRMs and ii) the spread between the interest rates charged on FRMs and ARMs by country. Statics are calculated starting from our dataset at the bank-month
level.

Country N Share of FRMs (%) Spread FRMs - ARMs interest rates (%)

Average Median Minimum Maximum Average Median Minimum Maximum

Austria 223 12.66 7.74 0.09 74.30 0.90 0.84 −0.54 3.49
Belgium 377 84.17 91.48 21.10 99.99 0.34 0.35 −1.04 1.70
France 812 84.37 93.14 6.25 100.00 0.44 0.38 −4.75 3.47
Germany 2565 82.78 85.93 14.95 99.96 −0.09 −0.04 −3.34 2.67
Greece 261 26.73 17.05 0.26 88.71 0.34 0.50 −2.08 3.39
Italy 1614 33.77 25.90 0.17 98.15 1.21 1.15 −1.12 3.43
Latvia 24 3.74 3.28 1.85 7.57 3.12 3.05 2.45 4.09
Luxembourg 161 36.39 28.50 1.58 97.95 0.86 0.77 −0.42 2.49
Portugal 183 4.50 1.99 0.05 39.93 1.94 1.83 −1.75 6.08
Slovenia 254 16.78 4.86 0.09 94.10 1.85 1.91 −0.33 4.13
Spain 605 19.10 8.37 0.09 90.84 1.49 0.93 −1.57 7.47
The Netherlands 248 86.30 86.01 71.43 98.47 0.50 0.72 −1.14 1.70

Sample 7327 57.44 71.26 0.05 100.00 0.62 0.55 −4.75 7.47

Table 3
Baseline model. The table reports the 𝑅2 of various fixed effects decompositions of the share of FRMs. The sample includes cross-border banking groups only
nd the unit of observation is at the bank-country-month level. The dependent variable is the share of FRMs. The estimation method is OLS. Specification (3)
eports the results of the baseline model of Eq. (1). Specification (5) is estimated on the subsample of three banking groups whose month-banking group dummies
re largely statistically significant in model (2). Standard errors are not adjusted. A Shorrocks-Shapely decomposition of the 𝑅2 is reported for model (3) and

model (5). The ∗, ∗∗, and ∗∗∗ marks denote statistical significance at the 10%, 5%, and 1% level, respectively.
(1) (2) (3) (4) (5)

Month-country FE YES – YES YES YES
Month-banking group FE – YES YES YES YES
Bank FE – – – YES –

N 1644 1644 1644 1644 839
R2 0.843 0.319 0.908 0.973 0.906
Adjusted R2 0.731 0.038 0.746 0.924 0.168
R2 month-country FE 0.716 0.689
R2 month-banking group FE 0.191 0.217
F-test statistic 7.493*** 1.137** 5.616*** 19.897*** 1.230
degrees of freedom (688,956) (480,1164) (1046,598) (1057,587) (743, 95)

group accounts for 13.2% of new mortgages extended in the countries where it operates and 50.5% of total originations covered by
our sample in those countries.9 Therefore, cross-border banking groups in our sample encompass a set of large and representative
nstitutions.

A second concern is whether the lending activity of cross-border banking groups in foreign countries is large enough to ensure a
eaningful analysis. It could be the case that those banking groups originate only a small volume of loans outside of their borders,

mplying a volatile share of FRMs extended in foreign countries. Since month-banking group fixed effects are equally weighted,
his may contribute to the limited explanatory power of month-banking group dummies. However, new mortgages extended by
ross-border banking groups in non-home countries represent, on average, 44.4% of their total originations, hereby corroborating
ur methodological approach. While this figure is reassuring, to help further softening any concern, we check that our findings are
ot driven by any specific banking group (which, e.g., may conduct only a marginal mortgage business in foreign countries). To
his end, we replicate the estimation of the baseline model of Eq. (1) by excluding each of the 5 cross-border banking groups in our
ample one at the time. This robustness test is presented in Table A6 of Appendix A.5. Irrespective of which cross-border banking
roup is excluded from the sample, the estimates are virtually unchanged compared to those of model 4 in Table 3. We conclude
hat our baseline results are not by driven the lending behavior one specific institution.

Lastly, since cross-border banking groups encompass a rather homogeneous set of lenders, typically the largest players in the
ndustry, our analysis may underestimate the relevance of bank-specific factors as a determinant of mortgage choice. For instance,
t could be the case that large banks can more easily access financial markets to buy protection against interest rate risk or to

9 The average volume of new mortgages extended by a banking group (either cross-border or not) in a country in a month is EUR 255 mln in our sample,
hile the standard deviation is EUR 414 mln. By comparison, the average volume of new mortgages originated in a country in a month is EUR 5156 mln,
ith a standard deviation of EUR 5451 mln. If we focus the attention on the cross-border banking groups where the baseline model of Eq. (1) is estimated, the
verage volume of new mortgages originated by those banking groups in a country in a month is EUR 387 mln, whereas the standard deviation is EUR 452
9

ln.
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raise long-term funds at fixed rate via covered bonds. If this is the case, focusing only on cross-border banking groups may lead
to neglect part of the role played by lender conditions. To tackle this issue we conduct an exercise that requires a departure from
our identification setup. In particular, we consider time invariant country fixed effects and banking group fixed effects to capture
household-specific and bank-specific factors, respectively. In this way we are able to estimate similar regressions to those in Table 3,
but run on the entire sample of banking groups, which is likely to be more heterogeneous than the subset of cross-border banking
groups. This robustness exercise, illustrated in Appendix A.5, corroborates our conclusions drawn on the subsample of cross-border
banking groups, emphasizing the role played by country-level household factors.

5.3. Two-stage model

Regressions reported in previous tables provide a useful breakdown of the contribution of country-level household factors and
ank factors in explaining the share of FRMs. This breakdown is powerful, as it relies on reasonable identifying assumptions.
owever, its main limitation is that it consists in a mere statistical decomposition, which prevents from providing a meaningful
conomic interpretation. In particular, as discussed earlier, our results suggest that country-level household factors play a prominent
ole, but these may include a rather heterogeneous set of borrower-specific characteristics. The normative conclusions may be quite
ifferent depending on what is the actual driver.

A natural way to investigate which country-level household factors are more relevant would be to estimate a modified version
f Eq. (1) where the time varying country fixed effects are replaced by a set of variables capturing different country demand
onditions. The results of this exercise, presented in Appendix A.2, reveal that our selection of variables largely explains month-
ountry fixed effects and that real disposable income and macroeconomic conditions play a prominent role in explaining the share
f FRMs. While this represents a simple approach to shed some light on the determinants of the wide cross-country heterogeneity
n the share of FRMs, it suffers from a major flaw. Our sample is characterized by significant differences in the number of banks
perating in each country. Over-represented countries in the sample may drive the results and, hence, prevent from identifying the
eal mechanisms behind the observed heterogeneity in the prevalent type of mortgage across countries.

We, thus, consider a different approach. To ensure that we draw conclusions by giving an equal weight to the observations
ertaining to each country, we adopt a two-stage model, as in Ongena and Smith (2000). In particular, we regress the estimated
oefficients of the month-country fixed effects in the full specification of Eq. (1) on a set of explanatory variables.10 Unfortunately,

147 out of 393 month-country dummies in model 3 of Table 3 are omitted because of collinearity. As a consequence, performing
the second stage regression with only 246 dependent variables would prevent us to get reliable results. To circumvent this issue, we
estimate a similar regression to the one of Eq. (1), in which we substitute month-banking group fixed effects with quarter-banking
group fixed effects. In this way, we are able to estimate 344 out of 393 month-country dummies and to perform the second stage
regression accordingly. To be more specific, our two-stage regression looks as follows:

𝑠ℎ𝑎𝑟𝑒(𝑏, 𝑐, 𝑡) = 𝛼(𝑐, 𝑡) + 𝛽(ℎ(𝑏), 𝑡) + 𝜀(𝑏, 𝑐, 𝑡)

𝛼̂(𝑐, 𝑡) = 𝒙′(𝒄, 𝒕)𝜸 + 𝜐(𝑐, 𝑡) (2)

The terms 𝛽(ℎ(𝑏), 𝑡) represent quarter-banking group fixed effects, while 𝒙′(𝒄, 𝒕) denotes the vector of explanatory variables capturing
country-level household conditions. These variables include a set of metrics suggested by the literature (those described in Section 2)
plus a novel variable. In particular, we consider the following variables: financial literacy, indebtedness, gross disposable income per
capita, historical volatility of inflation, correlation between unemployment and the short-term interest rate, outstanding amount of
mortgage covered bonds to gross domestic product (GDP) and outstanding amount of residential mortgage-backed securities (RMBS)
to GDP.

Our measure of Financial Literacy is obtained from the S&P Global FinLit Survey performed in 2014 (Klapper et al., 2015).
The survey is based on interviews with more than 150,000 adults in over 140 countries. It provides information on the degree of
knowledge of four basic concepts in finance: risk diversification, inflation, numeracy and interest compounding. Financial literacy
is measured as the percentage of 3 out of 4 answers correctly given by adults interviewed in each country. Table 5 and Figure A1
in Appendix A.2 show that the level of financial education increases as we move from southern countries to northern countries.

To measure households’ Indebtedness we use the ratio of total outstanding debt as percentage of gross disposable income provided
by the OECD on a quarterly frequency. Table 5 and Figure A1 in Appendix A.2 display important differences in the level of
households’ indebtedness across countries. We consider the indebtedness ratio as a suitable proxy for households’ income risk bearing
capacity over the duration of the mortgage.

As a measure of Real Disposable Income Per Capita we use the gross disposable income (adjusted for social transfers in kind) of
households (and non-profit institutions serving households) expressed in purchasing power standard (PPS) per inhabitant, obtained
from Eurostat on an annual basis. Table 5 and Figure A1 in Appendix A.2 show a marked heterogeneity in households’ real disposable
income across countries over our sample period.

It is recognized in the literature that the unemployment rate plays a role in the mortgage choice (Ehrmann and Ziegelmeyer,
2017). A related aspect which has not been emphasized so far is that borrowers choosing between FRMs and ARMs should care not

10 To perform the second stage regression we only need that the estimated coefficients of the month-county fixed effects are unbiased. We argue that this
ondition is satisfied as the time varying country fixed effects and banking group fixed effects included in the first stage regression span all the possible factors
10

etermining the dependent variable.
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Table 4
Description of Country Demand Variables.

Variable Description

Financial Literacy Percentage of 3 out of 4 answers correct given by adults
interviewed in each country, as results from the S&P
Global FinLit Survey (Klapper et al., 2015).

Indebtedness Ratio of total outstanding debt as a percentage of gross
disposable income provided by the OECD on a quarterly
frequency. Data are missing for Latvia and Luxembourg,
and partially available for Greece, Italy and
the Netherlands.

Real Disposable Income Per
Capita

Gross disposable income (adjusted for social transfers in
kind) of households (and non-profit institutions serving
households) expressed in purchasing power standard
(PPS in thousands) per inhabitant, obtained from Eurostat
on an annual basis. Data are missing for Luxembourg.

Historical Inflation Volatility Realized standard deviation of the monthly month-on-
month inflation rate during the period 1970–1999.
Because of a lack in the available data, Historical Inflation
Volatility is computed over the period 1991–1999 for
Latvia and 1980–1999 for Slovenia. Monthly data on the
inflation rate are retrieved from the OECD.

𝜌(Unemployment, Short-term IR) Realized correlation between the unemployment rate
and the short-term interest rate, calculated on
a rolling window approach with a window of 7 years.
Monthly data on unemployment rates and short-term
interest rates are retrieved from the ECB
and the OECD, respectively.

Outstanding Covered Bonds to
GDP

Average over the last four years of the amount
outstanding of mortgage covered bonds as a percentage of
GDP. Annual data on outstanding covered bonds are
retrieved from the European Covered Bond Council
(ECBC). Data are missing for Slovenia.

Outstanding RMBS to GDP Average over the last four quarters of the amount
outstanding of RMBS as a percentage of GDP. Quarterly
data on outstanding residential mortgage-backed
securities are retrieved from the Securities Industries and
Financial Markets Association (SIFMA). Data are missing
for Latvia, Luxembourg and Slovenia and not available for
all other countries in 2007.

Table 5
Overview of Country Demand Variables, by Country.

Financial Indebtedness (%) Real disposable Historical Correlation unemployment Outstanding Outstanding
literacy (%) income per capita inflation short-term covered bonds RMBS

(PPS in thousands) volatility (b.p.) interest rate bonds to GDP (%) to GDP (%)

Avg. Std. Dev. Avg. Std. Dev. Avg. Std. Dev. Avg. Std. Dev. Avg. Std. Dev. Avg. Std. Dev. Avg. Std. Dev.

Austria 53.00 – 85.73 1.70 24.75 1.07 44.68 – −0.63 0.13 3.40 1.96 0.66 0.10
Belgium 55.00 – 91.73 7.53 22.62 1.14 38.38 – −0.64 0.15 0.50 0.81 14.00 4.58
France 52.00 – 98.36 3.77 23.10 1.07 39.73 – −0.89 0.09 6.71 2.77 0.88 0.49
Germany 66.00 – 89.45 3.05 25.26 1.86 32.39 – 0.04 0.59 8.39 0.83 0.63 0.17
Greece 45.00 – 104.29 3.26 17.00 1.87 152.30 – −0.69 0.19 4.91 3.70 3.08 0.56
Italy 37.00 – 83.37 0.78 20.93 0.36 57.32 – −0.70 0.24 2.74 2.88 6.17 1.77
Latvia 48.00 – – – 12.37 0.55 1015.10 – 0.10 0.22 0.02 0.03 – –
Luxembourg 53.00 – – – – – 40.46 – −0.36 0.16 0.13 0.14 – –
Portugal 26.00 – 134.46 4.59 16.34 0.42 146.49 – −0.47 0.36 12.28 7.22 17.56 3.14
Slovenia 44.00 – 52.70 2.22 16.01 0.47 859.02 – −0.40 0.50 – – – –
Spain 49.00 – 132.03 8.35 18.22 0.40 70.06 – −0.66 0.26 28.92 5.56 13.64 2.41
The Netherlands 66.00 – 263.55 3.53 22.87 0.32 44.36 – −0.70 0.09 5.41 3.10 35.85 8.30

Sample 49.50 11.15 109.97 50.93 20.53 3.7 211.69 342.87 −0.54 0.39 7.18 8.68 10.09 11.35

only about the expected evolution in labor market conditions, but also about how unemployment will correlate with the level of
interest rates (Statman, 1982). Risk-averse households expecting to be unemployed in a context of low interest rates tend to prefer,
ceteris paribus, an ARM, as this implies a higher degree of consumption smoothing (mortgage installments decrease when income
goes down and vice versa). Guren et al. (2021) provide a theoretical support for this argument. Usually a crisis unfolds because of
a aggregate shock to the demand, leading to a drop in income and inflation. In such situation, interest rates may decline due to the
monetary policy reaction of the central bank. Guren et al. (2021) show that, if the central bank reduces interest rates in response
to a aggregate shock, households should select an ARM rather than a FRM. If, instead, interest rates increase during a downturn,
for example because of a aggregate shock to the supply, households should prefer a FRM.
11
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In light of that, the correlation between interest rates and unemployment depends on different factors including the slope of the
hillips curve and the monetary policy rule adopted. A full discussion of these aspects is outside the scope of this paper. Here we
imit ourselves to highlight that, whenever such correlation is negative, the mortgage contract providing more protection against
ncome fluctuations is, somewhat counterintuitively, the ARM and the insurance motive attached to it is stronger the smaller the
orrelation. We postulate that households make their expectations looking at the past. Then, to capture this effect we introduce a
ovel variable, namely the correlation between unemployment and the short-term interest rate.

We calculate 𝜌(Unemployment, Short-term IR) as the realized correlation between the unemployment rate and a short-term interest
ate,11 relying on a rolling window approach with a window of 7 years. We opt for a window of 7 years for two reasons: First, we
ssume that households make long-term expectations;12 second, we make sure that, at the beginning of our sample period in 2007,

we measure the correlation between these two variables after the introduction of the euro.13 Table 5 and Figure A2 in Appendix
A.2 show that the correlation between unemployment and the short-term interest rate is negative in most countries over our sample
period. This suggests that in periods of economic growth unemployment is low and the short-term interest rate is high as a result of
a tight monetary policy aimed at containing inflation. Conversely, in bad times, such as the recent double-dip European recession,
unemployment is high and the short-term interest rate is low due to an expansionary monetary policy. However, there are some
exceptions. For example, Germany exhibits a positive correlation from the end of 2010 on-wards. That is because the unemployment
rate in Germany started to decrease in 2009, revealing a substantial improvement in economic fundamentals.14

We include as an indicator of the macroeconomic history of a country the volatility of the inflation rate over a period of 30 years
prior to the introduction of the euro. We calculate Historical Inflation Volatility as the realized standard deviation of the monthly
month-on-month inflation rate during the period 1970–1999 expressed in basis points.15 While a metric for the historical volatility
of inflation constructed using a rolling window approach may allow to capture adaptive expectations on inflation across generations
of households, our variable has a different interpretation. Before 1999, inflation rates in Europe where characterized by a strong
variability and heterogeneity across countries. As soon as the Euro was adopted (in 1999 for most countries), national inflation rates
sharply converged and became less volatile due to the common monetary policy set by the European Central Bank. As in Campbell
(2012), we estimate our measure on a pre-euro period in order to emphasize differences across countries. This metric is aimed at
capturing the stickiness in households’ mortgage choice given the macroeconomic history of their country prior to the birth of the
eurozone.

In Table 5 and Figure A1 in Appendix A.2 we see that the periphery economies of the euro area have experienced a substantial
higher inflation volatility than central countries in the past. High variability of inflation is typically related to a high share of ARMs,
because FRMs become very expensive when inflation is volatile. Countries with a history of high inflation volatility before 1999
still exhibit a prevalence of ARMs even after the introduction of the euro. Following Campbell (2012) and Badarinza et al. (2018),
we interpret this fact as evidence of a sticky demand, meaning that households tend to select the type of mortgage they are more
familiar with.

We label the variables listed so far as pure demand factors, as they relate to specific characteristics affecting households’
preference for FRMs vis-à-vis ARMs. We take into account also two additional variables, namely Outstanding Covered Bonds to GDP
and Outstanding RMBS to GDP. The size of the covered bond market and the RMBS market of a country results from the interaction
of two main forces. On the one hand, investors’ demand for covered bonds and RMBS, and, hence, the ability of lenders to fund
mortgages using these instruments. On the other hand, the extent to which local mortgages are suitable to back covered bonds or
asset-backed securities based on, e.g., the credit quality of borrowers and the dynamics of the housing market. The former force
represents funding conditions that affect the supply of FRMs. The latter, instead, represents demand conditions that affect the ability
of households to be financed at a fixed rate.16 Our identification strategy builds on cross-border banking groups, which are typically
large and have access to global financial markets. This means that a cross-border banking group can fund FRMs originated in
a certain country by issuing covered bonds purchased by investors elsewhere.17 While we cannot exclude that mortgages, covered
bonds and RMBS are jointly issued locally to meet investors’ demand for these securities in a given country, our time varying banking
group fixed effects should capture to a large extent the reliance of cross-border banking groups on these funding instruments. Hence,
conditional on bank financing conditions and demand factors affecting households preferences for one type of mortgage, the covered
bonds to GDP ratio and the RMBS to GDP ratio should capture the extent to which mortgages originated in a country are suitable
to back covered bonds or RMBS.

11 Data on short-term interest rates are retrieved from the OECD. For euro area countries the 3-month European Interbank Offer Rate is used from the date
he country joined the euro. For the other countries the short-term interest rate is either the 3-month interbank offer rate or the yield on short-term Treasury
ills, Certificates of Deposits or similar instruments with a maturity of three months.
12 Usually long-term expectations have an horizon of at least five years (ECB, 2016, 2017).
13 In this way we ensure that households expectations are made taking into account that monetary policy is defined by the ECB for the entire euro area. This

learly implies that we estimate the correlation between unemployment and short term interest rate having the same short-term interest rate for all countries
with the only exception of Greece, Latvia and Slovenia before their access to the euro area respectively in 2001, 2014 and 2007).
14 This reflects, in turn, a flight-to-quality episode in the context of a monetary union. When economic conditions worsen due, e.g., to a global financial crisis,
olicy rates drop by the same extent for every economy in the monetary union, but flight to quality makes unemployment increase more in peripheral countries.
15 Because of a lack in the available data, the historical volatility of inflation is computed over the period 1991–1999 for Latvia and 1980–1999 for Slovenia.
16 For example, covered bonds regulations in most European countries specify that only mortgages having a loan-to-value below a certain threshold are eligible

o be used as collateral for covered bonds (ECBC Covered Bond Comparative Database; ECB, 2008; ECBC, 2016).
17 Indeed, legislations on issuance of covered bonds in most European countries allow to include mortgages originated abroad in the covered pool (ECBC
overed Bond Comparative Database; ECB, 2008; ECBC, 2016).
12
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We retrieve annual data on outstanding covered bonds from the European Covered Bond Council (ECBC). Our variable is the
verage over the last four years of the outstanding amount of mortgage covered bonds issued in a given country as percentage of
DP. Table 5 and Figure A2 in Appendix A.2 show that mortgage covered bonds are particularly popular in Portugal and Spain. As

or residential mortgage-backed securities, we get quarterly data from the Securities Industries and Financial Markets Association
SIFMA). Our variable is the average over the last four quarters of the outstanding amount of RMBS by country of collateral
caled by GDP. Table 5 and Figure A2 in Appendix A.2 show that RMBS are common in the Netherlands and Portugal. Table 4
ummarizes all the explanatory variables that we use to model country-specific factors, whilst Table 5 reports basic statistics. Both
he summary statistics and the time series plots Appendix A.2, reveal that all the time varying country demand variables, except
or 𝜌(Unemployment, Short-term IR), exhibit a much stronger variation in the cross section than in the time series.

.4. Two-stage results

We now present the results of the two-stage model of Eq. (2). Model 1 of Table 6 reports the estimates of the first stage regression
here we include month-country fixed effects and quarter-banking group fixed effects. In this specification we drop observations
here the explanatory variables used in the second stage are missing. The 𝑅2 is close to that of model 3 of Table 3.

In models 2-3, the coefficients of month-country fixed effects estimated by running model 1 are regressed over the set of
explanatory variables capturing demand conditions. In order to make sure that our regressors are predetermined, we include lagged
values for those variables that are available on a lower frequency than monthly.18 To have a reliable basis for inference, both in
model 2 and in model 3, we rely on standard errors clustered by country and quarter.19 Given the different nature of the two
groups of variables that we take into account, we first consider those capturing pure demand only and then integrate with the
other country-level institutional factors. Model 2 shows the results for the specification including pure demand factors only. We
find a negative and significant coefficient for Historical Inflation Volatility, which confirms our prior. Our result is consistent with
that of Campbell (2012) and Badarinza et al. (2018), showing that households’ are more likely to select the type of loan they are
more familiar with based on the macroeconomic history of their country. As expected, the sign of the coefficients for Financial
Literacy, Indebtedness and 𝜌(Unemployment, Short-term IR) are, respectively, negative, positive and positive, but neither of the
three is statistically significant.

Model 3 extends the preceding including the whole set of regressors. Historical Inflation Volatility maintains its sign and
significance. The coefficient of Financial Literacy turns out to be negative and statistically significant. This is consistent with the
idea that financially educated households are more willing to select an ARM, as they are able to understand that, unconditionally,
an ARM is cheaper than a FRM. Statistically significant is also the coefficient of 𝜌(Unemployment, Short-term IR). The positive sign
corroborates our view that the smaller such correlation, the stronger the insurance protection provided by an ARM. This suggests that
households make expectations on what would be the macroeconomic environment in which a labor shock may occur. In particular,
households that expect to be unemployed in a context of low interest rates are more willing to select an ARM, while households that
envisage to be unemployed in a context of high interest rates, are more prone to choose a FRM. This result confirms the theoretical
prediction of Guren et al. (2021). The coefficients of Outstanding Covered Bonds to GDP and Outstanding RMBS to GDP are both
positive and significant, suggesting that, in countries where the characteristics of borrowers ease the issuance of covered bonds and
asset-backed securities, FRMs are relatively more appealing.

To obtain relevant normative insights, we do not limit ourselves to merely identifying the country-level household factors that
play a role in mortgage choice, but we also provide an economic assessment of their magnitude. Table 7 reports the magnitude
effects of the seven variables included in model 3 of Table 6. Focusing the attention on those that are statistically significant, we
find that the Historical Inflation Volatility exhibits the strongest effect. One standard deviation increase leads to a decrease of 59
percentage points in the average share of FRMs per country cleaned of variation due to bank-specific factors. Sizable is also the
effect of Financial Literacy. A rise of one standard deviation corresponds to a drop of 42 percentage points in the average share
of FRMs per country ascribable to country-level household factors. Moreover, a one standard deviation increase in Outstanding
Covered Bonds to GDP and in Outstanding RMBS to GDP determines a rise, respectively, of 32 and 17 percentage points in the
dependent variable. Finally, a one standard deviation increase in 𝜌(Unemployment, Short-term IR) leads to a rise of 14 percentage
points in the average share of FRMs per country left unexplained by bank-specific factors.

To ensure the soundness of our results, we perform a battery of robustness tests that challenge the design of our two-stage
model. Appendix A.6 provides a comprehensive summary of those tests. Given the large magnitude effects identified for some of the
explanatory variables in Table 6, as a first step, we check if our findings are driven by outliers. While some of the macro variables
used in the second stage of Eq. (2) exhibit extreme values (e.g., the historical inflation volatility for Latvia and Slovenia), model 3
of Table 6 is effectively estimated on a subsample of six countries at the core of the euro area (Austria, Belgium, France, Germany,
Italy and Spain), due to the inclusion of quarter-banking group fixed effects and to the lack of data on some variables for specific
country-month pairs. Despite this reassuring fact, we still may want to dig into the drivers of our results and shed some light on the
role played by outliers. To this end, we re-estimate the two-stage model of Eq. (2) by excluding each of the six countries one at the
time. Results are reported in Table A9. We find that excluding Germany, France, Spain or Belgium does not have a major impact on

18 These are all the explanatory variables except for 𝜌(Unemployment, Short-term IR).
19 This conservative two-way clustering has been selected according to the procedure suggested by Petersen (2009), Cameron et al. (2011), and Cameron and
iller (2015). To tackle the issue that we may have few clusters, we adopt a small-sample correction for both standard errors and test statistics, as suggested
13

y Cameron et al. (2011), and Cameron and Miller (2015).
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Table 6
Two-stage model. The table reports (i) the 𝑅2 of the first stage regression of Section 5.3 in model (1), and (iii) the coefficients and standard errors (in
arentheses) of the second stage regression of Eq. (2) in models (2)-(3). The sample includes cross-border banking groups only and the unit of observation is at
he bank-country-month level. The dependent variable is the share of FRMs in model (1), and the estimated coefficients of month-country fixed effects obtained
rom the first specification in models (2)-(3). Country variables include Financial Literacy, Indebtedness, Real Disposable Income Per Capita, Historical Inflation
olatility, 𝜌(Unemployment, Short-term IR), Outstanding Covered Bonds to GDP and Outstanding RMBS to GDP. All country variables except 𝜌(Unemployment,
hort-term IR) are lagged of one period. The estimation method is OLS. Standard errors are not adjusted for model (1), and two-way clustered by country and
uarter in models (2)-(3). The ∗, ∗∗, and ∗∗∗ marks denote statistical significance at the 10%, 5%, and 1% level, respectively.

1st stage 2nd stage

(1) (2) (3)

Financial Literacy −2.693 −5.386**
(2.26) (1.72)

Indebtedness 1.558 0.206
(0.99) (0.78)

Real Disposable Income Per Capita 0.137 1.979
(4.26) (3.65)

Historical Inflation Volatility −3.847** −6.482***
(1.48) (0.87)

𝝆 (𝐔𝐧𝐞𝐦𝐩𝐥𝐨𝐲𝐦𝐞𝐧𝐭,𝐒𝐡𝐨𝐫𝐭 − 𝐭𝐞𝐫𝐦𝐈𝐑) 33.128 28.726**
(18.53) (9.79)

Outstanding Covered Bonds to GDP 5.754***
(0.80)

Outstanding RMBS to GDP 2.756***
(0.50)

Quarter-banking group FE YES
Month-country FE YES

Two-way cluster – country, quarter country, quarter

N 1085 344 344
R2 0.847 0.337 0.503
Adjusted R2 0.733 0.327 0.492
F-test statistic regressors pure demand 50.57***
degrees of freedom (5,5)
F-test statistic regressors institutional factors 26.83***
degrees of freedom (2,5)
F-test statistic fixed effects 7.437***
degrees of freedom (464,621)

Table 7
Magnitude effects. The table reports the magnitude effects of the explanatory variables capturing demand conditions in model (4) of Table 6. In the third
olumn the magnitude effect is computed as the product between the estimated coefficient and the standard deviation of the corresponding explanatory variable
n the subsample where the model is estimated. In the last column the magnitude effect is computed as the product between the estimated coefficient and the
nterquartile range of the corresponding explanatory variable in the subsample where the model is estimated.
Variable Coefficients Standard Magnitude Interquartile Magnitude

deviation effect (sd) range effect (ir)

Financial Literacy −5.386** 7.837 −42.213 3.000 −16.159
Indebtedness 0.206 11.097 2.291 12.870 2.657
Real Disposable Income Per Capita 1.979 2.216 4.386 3.260 6.453
Historical Inflation Volatility −6.482*** 9.064 −58.758 6.305 −40.872
𝜌 (Unemployment, Short-term IR) 28.726** 0.491 14.111 0.439 12.608
Outstanding Covered Bonds to GDP 5.754*** 5.535 31.854 7.246 41.699
Outstanding RMBS to GDP 2.756*** 6.330 17.445 9.652 26.603

our results, meaning that the estimates are to a large extent similar to those of model 3 of Table 6. Instead, Italy and Austria seem
to be critical for our results, but not because they exhibit outliers. The reason lies in the fact that these two countries differ from
the others along two dimensions: (i) they are both characterized by a marked variability in the share of FRMs over time, especially
Italy, and (ii) Austria shows the strongest prevalence of ARMs throughout the sample.

Next, we test if our results are robust to the inclusion of different metrics capturing country-level household factors. We show
hat our findings remain virtually unchanged (i) if we replace 𝜌(Unemployment, Short-term IR) with the correlation between the

number hours worked per capita and the short term interest rate to use an alternative metric for employment conditions ( Table
A11), and (ii) if we include the house price to income ratio in the set of regressors to capture housing affordability ( Table A10). In
addition, our main takeaways (in particular with respect to the role of the historical inflation volatility and the size of the covered
bonds and the RMBS markets) are confirmed (i) when we replace Historical Inflation Volatility with a rolling-based metric to capture
14
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adaptive expectations on inflation ( Table A12), and (ii) when we use the ratio of public debt to GDP to capture investors’ demand
for securities such as RMBS ( Table A13).

Finally, our results are confirmed even when we use sampling weights based on the relative size of the mortgage market in each
ountry to further ensure that we estimate the two-stage model by equally weighting each country ( Table A14).

.5. Time variation

Some useful indications can be obtained by exploring more closely the variation across time in the share of FRMs. As noted in
ig. 1, for those countries in which the share of FRMs changes over time, the variability seems to be related to the spread between
RMs and ARMs interest rates. Since the term spread is a component of the spread between the interest rate applied on fixed rate
nd adjustable rate loans, the time variation in the share is related to the term spread as well. We aim to investigate whether the
ensitivity of the share of FRMs to the term spread is mainly driven by household-specific or bank-specific factors. To this end we
stimate the following type of regression:

𝑠ℎ𝑎𝑟𝑒(𝑏, 𝑐, 𝑡) =𝛼(𝑐) + 𝛼(𝑐) × 𝑡𝑠𝑝𝑟𝑒𝑎𝑑(𝑡)

+ 𝛽(ℎ(𝑏)) + 𝛽(ℎ(𝑏)) × 𝑡𝑠𝑝𝑟𝑒𝑎𝑑(𝑡) + 𝜀(𝑏, 𝑐, 𝑡)
(3)

The terms 𝛼(𝑐) represent country fixed effects, 𝛽(ℎ(𝑏)) denotes banking group fixed effects and 𝑡𝑠𝑝𝑟𝑒𝑎𝑑(𝑡) is the term spread at time
𝑡.

In this model, country fixed effects and banking group fixed effects capture the average level of the share for each country
and each banking group. Their interactions with the term spread capture, instead, the sensitivity (slope) of each country and each
banking group to changes in the term spread. This regression allows us to model the time variation in the share of FRMs using the
term spread and assuming that the relation between these two is linear. As before, to disentangle shifts in household conditions
from shifts in bank conditions, we focus the attention on cross-border banking groups.

It is important to stress that, differently from other studies, we regress the share of FRMs on the term spread rather than the
spread between FRMs and ARMs interest rates, as we want to draw causal inference. While the former can be considered to a large
extent exogenous, the latter is inherently endogenous. Indeed, the spread between FRMs and ARMs interest rates is simultaneously
determined with the quantities of FRMs and ARMs extended in equilibrium.

In estimating this model we use the term spread computed at the European level as the difference between the 10-year Interest
Rate Swap rate and the 3-month Overnight Index Swap rate. We adopt this measure for the slope of the yield curve rather than
the term spread for each country obtained on the basis of the respective government bonds. The reason is that, especially for those
country that were more affected by the sovereign debt crisis, the interest rate charged on FRMs is more closely related to the 10-year
Interest Rate Swap rate rather than the yield on 10-year government bonds. This can be explained by the fact that, during most of
the time period under analysis, sovereign default risk in several countries was sensibly higher than credit risk associated with local
mortgages.

Table 8 reports six different specifications. Model 1 includes country fixed effects only, while model 4 includes both country
fixed effects and their interaction with the term spread. Country fixed effects explain alone 58% of the variation in the share of
FRMs. When we add the interaction of country fixed effects with the term spread the coefficient of determination rises to 66%. This
value is quite far from the 84% achieved in our baseline model with month-country fixed effects. However, while in the baseline
model we allow country fixed effects to vary in a discretionary way over time, in model 4 we constrain the share of fixed rate
mortgages to evolve linearly with the term spread. Of course, since the share is bounded between 0 and 100, it is likely that this
relation is not linear. In fact, if we add an additional interaction term with the term spread squared, we experience an increase in
the 𝑅2 (71%). So, we conclude that the term spread is able to explain the time variation in the share of FRMs and that the relation
between these two is not perfectly linear. A similar argument applies also to the two specifications with banking group fixed effects,
namely model 2 and model 5.

Consistently with the evidence in Fig. 1, we find that most of the coefficients of the interaction terms in model 4 are negative
and significant. However, the sensitivity of the share of FRMs to the term spread differs significantly across countries. In particular,
Belgium, Greece, Italy, Luxembourg and Slovenia are those countries where the share of FRMs is more reactive to changes in the
term spread.

We have already pointed out that changes in the term spread can shift both the demand and the supply. On the one hand, an
increase in the term spread, driven by an increase in inflation risk, may lead banks to decrease the supply of fixed rate loans, by
making them relatively more expensive than adjustable rate ones. On the other hand, a rise in the spread between FRMs and ARMs
interest rates due to an increase in the term spread may induce households to reduce their demand for fixed rate loans, which could
signal either some form of myopic behavior (households choose ARMs when the term spread is high because they tend to give too
much importance to the first installments), as well as the presence of financial constraints (matched with expectations of an increase
in income). To assess whether (country-level) household-specific or bank-specific conditions are more sensitive to changes in the
slope of the yield curve, we include a specification in which we interact both country fixed effects and banking group fixed effects
with the term spread. Relying on the Shorrocks-Shapely decomposition, we are able to detect the contribution of each interaction
to the 𝑅2. Model 6 shows that the fraction of 𝑅2 ascribable to the interaction between country fixed effects and the term spread is
much higher than the fraction attributable to the other interaction. Thus, we conclude that changes in the slope of the yield curve
15

shifts mainly country-level household demand.
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Table 8
Time variation. The table reports the results of the analysis investigating the sensitivity of the share of FRMs to the term spread. The term spread is calculated
as the difference between the 10-year Interest Rate Swap rate and the 3-month Overnight Index Swap rate. The sample includes cross-border banking groups
only and the unit of observation is at the bank-country-month level. The dependent variable is the share of FRMs. The estimation method is OLS. Specification
(6) reports the results of the model of Eq. (3). Standard errors are not adjusted. A Shorrocks-Shapely decomposition of the 𝑅2 is reported for model (6). The ∗,
∗∗, and ∗∗∗ marks denote statistical significance at the 10%, 5%, and 1% level, respectively.

(1) (2) (3) (4) (5) (6)

Austria x term spread −9.124** −9.643
(3.73) (5.87)

Belgium x term spread −24.195*** −36.813***
(2.47) (4.47)

Germany x term spread −2.031* −9.536**
(1.10) (4.83)

Spain x term spread −2.260 −11.414*
(3.91) (6.00)

France x term spread −7.693*** −23.565***
(1.24) (4.17)

Italy x term spread −8.795*** −16.524***
(1.42) (4.43)

Luxembourg x term spread −14.020*** −18.195***
(2.05) (2.46)

Slovenia x term spread −27.161*** −46.651***
(2.32) (4.87)

Country FE YES – YES YES – YES
Banking group FE – YES YES – YES YES
Banking group FE x term spread – – – – YES YES

N 1644 1644 1644 1644 1644 1644
R2 0.580 0.1458 0.6199 0.657 0.206 0.709
Adjusted R2 0.578 0.1437 0.6173 0.654 0.201 0.705
R2 country FE 0.303
R2 country FE x term spread 0.279
R2 banking group FE 0.054
R2 banking group FE x term spread 0.073
F-test statistic 322.089*** 69.927*** 241.939*** 207.597*** 46.976*** 171.713***
degrees of freedom (7,1636) (4,1639) (11,1632) (15,1628) (9,1634) (23,1620)

5.6. Additional analyses

The quantity of FRMs and ARMs, as well as their interest rates, are simultaneously determined on the market by the interaction
etween demand and supply. No bank should be able to individually set the share of FRMs granted neither the price of FRMs and
RMs. If this is the case, the variation in the spread between FRMs and ARMs interest rates should be explained by the same factors
riving the share of FRMs. We explore this possibility by performing the same set of reduced-form regressions exposed in Section 5.1
hrough Section 5.5 using this time as dependent variable the spread between FRMs and ARMs interest rates, henceforth abridged
imply with ‘‘spread’’. The results presented in Appendix A.4 reveal that all our findings are confirmed when we look at prices rather
han quantities, but they are somewhat weaker.

Finally, the econometric analyses presented so far are performed using linear regressions. Our main dependent variable, the
hare of FRMs, is a percentage bounded between 0 and 100. Using a linear model in this setting leads to inconsistent estimates.
or this reason, we perform a battery of robustness tests by replicating all our econometric specifications by using Tobit regression
odels. As documented in Appendix A.7, all our results are virtually unchanged.

. Conclusions

Using granular bank level information from 103 banks belonging to 73 banking groups across twelve countries in the euro area,
e provide a comprehensive analysis of the determinants of mortgage choice in the euro area. In particular, by exploiting cross-
order banking groups, we investigate to what degree the wide cross-country heterogeneity in the share of fixed rate mortgages to
otal new mortgages is driven by differences in household-specific or bank-specific conditions.

Country-level household factors seem to have a prominent role in driving the prevalence of mortgages extended at a fixed rate.
actors such as the historical volatility of inflation rates, the correlation between unemployment and the short-term interest rate,
ouseholds’ financial literacy, and the volume of outstanding mortgage covered bonds and mortgage-backed securities exhibit a
igh correlation with the estimated household-specific component of the share of fixed rate mortgages relative to adjustable rate
16

nes.
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A predominant role for country-level household factors is documented also when focusing on the sensitivity of the share of fixed
ate mortgages to the slope of the yield curve, as well as when analyzing lending conditions, that is the spread between the interest
ate on fixed rate mortgages and that on adjustable rate mortgages.

By showing the relevance of country-level household factors, a policy implication of our analysis is that it would not make sense
o try to influence the share of fixed rate mortgages by pressing banks to take on more duration risk. This would be ineffective and,
resumably, not even be desirable. Indeed, the heterogeneity in the share of fixed rate mortgages across economies seems to reflect
n optimal allocation of interest rate risk, given the asynchronous business cycles and the expectations that monetary policy will
perate in a way that stabilizes disposable income net of housing costs.

ata availability

The data that has been used is confidential.

ppendix A. Literature review, country variable definition, advanced model estimates, spread analysis and 3 robustness
xercises

Supplementary material related to this article can be found online at https://doi.org/10.1016/j.euroecorev.2023.104643.
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