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Abstract

The aim of the paper is to empirically investigate the response of the financial
cycle to monetary policy using a comparative approach for the period after the
Global Financial Crisis (GFC). Specifically, we ask whether four majour central
banks (Bank of Japan (BoJ), US Fed, European Central Bank (ECB) and Bank of
England (BoE)) have used monetary policy to achieve financial stability. I estimate
a Markov-switching VAR model to model the joint dynamics of the financial cycle
and the interest rate. My results identify two distinct regimes: the downward and
upward phases of the financial cycle, and show heterogeneity among central banks
with respect to how they manage the potential trade-off between price stability and
financial stability goals. First, the UK has searched to influence the upward and
downward phases of the financial cycle, whereas Japan, the US and the Eurozone
have adopted a similar policy stance along with the upward phases. Second, the
BoJ and the ECB can counter bullish phases by raising interest rates but an ac-
commodative monetary policy feeds the increases in prices and asset values. On
the contrary, the US Fed and the BoE can stop a bullish phase by lowering interest
rates and fuel bullish phases by raising rates.
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1 Introduction
Since the Great Financial Crisis (GFC), scholars and policy-makers have been asking
whether monetary policy can be a useful tool for stabilizing the financial cycle. The-
oretically, Bernanke and Gertler (2001) argue that the goal of stabilizing the financial
cycle should be considered by central banks, only if changes in financial assets contain
information useful for forecasting inflation. Any independent response of monetary au-
thorities to asset price changes was likely to alter the way investors behave in capital
markets. More specifically, the principle of divine coincidence generally evoked to justify
inflation-targeting policies was supposed to extend to the financial sphere. According
to this principle, price stability should imply macroeconomic and financial stability. In
other words, if markets are efficient and the rational expectations hypothesis applies to
all economic agents, then stabilizing inflation automatically leads to a stabilization of
the output gap and financial asset prices. However, in light of the global financial cri-
sis, with monetary policy focused on price stability, economists have held that banking
and financial risks were largely unaddressed given the difficulties in predicting financial
fluctuations.

Since the GFC, this view has been increasingly challenged, both theoretically and
empirically. A first critique consists in highlighting that the financial sector is not neutral.
In New Keynesian overlapping generation models with sticky prices, speculative bubbles
can occur and have an impact on the business cycle (Caballero and Simsek (2020), Gali
(2021)). Second, monetary policy itself is not neutral for the financial cycle. Interest
rates, since they determine the amount of liquidity in an economy, influence the up and
down phases of the business cycle (Allen and Gale (2017), Dong and Wang (2020)).
Third, interest rates and macroprudential policies are not necessarily substitutes. Indeed,
the latter can have inertia in implementation or can be difficult to apply due to lack
of international coordination (see Cecchetti and Kohler (2012)). Fourth, the way to
justify central bankers targeting asset price movements is that financial imbalances are not
exogenous but endogenous to the functioning of economies. Woodford (2012) proposes
a flexible inflation targeting framework to take account of financial stability concerns
alongside traditional stabilization objectives.

In this paper, we explore the macroprudential dimension of monetary policies con-
ducted since 2000 by proposing an empirical framework based on a simultaneous equa-
tion model. In the first equation, the shadow rate appears as one of several explanatory
variables influencing the financial cycle. The second equation is an interest rate rule aug-
mented with financial variables in addition to the output gap and the inflation gap. The
novelty of this paper is that we model the joint dynamics of the financial cycle and the
interest rate by a switching VAR model. We adopt a regime-switching approach to quan-
tify the impact of changes in the shadow interest rates on a composite indicator of three
drivers of financial cycles, i.e. private debt cycle, real estate cycle and changes in equity
prices. A switching model allows us to account for asymmetries in the response of the fi-
nancial cycle during bullish and bearish phases, or at troughs and peaks. This framework
provides a simple and intuitive way to identify "lean against the wind" strategies, i.e if
central banks "lean" against financial vulnerabilities, or situations where accommodative
policies can fuel bullish phases.

Our results identify two distinct regimes: the downward and upward phases of the
financial cycle, and show heterogeneity among central banks with respect to how they
manage the potential trade-off between price stability and financial stability goals. We find
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that since 2000, the majour four central banks (Bank of Japan, US Fed, European Central
Bank and Bank of England) have used monetary policy to achieve financial stability.
First, the UK had a "lean against the wind" policy at both the low and high points of the
financial cycle, whereas Japan, the US and the Eurozone have adopted a similar policy
stance during bullish phases. Second, the BoJ and the ECB can counter bullish phases by
raising interest rates but an accommodative monetary policy feeds the increases in prices
and asset values. On the contrary, the US Fed and the BoE can stop a bullish phase by
lowering interest rates and fuel bullish phases by raising rates.

The aim of our paper is to empirically investigate the response of the financial cycle to
monetary policy using a comparative approach for the period after the GFC. Specifically,
we ask whether four major central banks in the world (Bank of Japan, US Fed, Euro-
pean Central Bank and Bank of England) have used monetary policy to achieve financial
stability.

Our contribution is at the crossroads of two literature. On the one hand, recent work
has focused on the behavior of monetary rules incorporating financial imbalances, asset
price stability, or bubble prevention objectives (see for example Asriyan and Ventura
(2016), Allen and Gale (2017), Miao and Wang (2018), Bhar and Malliaris (2021), S.
and Sosvilla-Rivero (2021), Luik and Wesselbaum (2021), Zhu and O’Sullivan (2021)).
The conclusions of these works are mixed. Some highlight a responsiveness of monetary
authorities to financial market developments. This underlines the need to increase the
traditional interest rate rules by integrating, in addition to the inflation gap and output
gap objectives, financial stability objectives.

Another literature shows the non-neutrality of monetary policy for finance. The new
monetary policy framework (unconventional monetary policy) characterized by very low
- sometimes negative - interest rates and a flat yield curve has increased risk-taking by
investors in the financial markets in a search of yields. In general, monetary policy can
increase endogenous systemic risk in markets, as interest rates or liquidity affect financial
variables that change with economic conditions: banks’ and financial institutions’ leverage
and capital level, the value of collateral, the demand for credit and its composition. Banks’
lending reacts to domestic and international monetary policies and these generally involve
portfolio arbitrage between domestic and foreign assets (see Jiménez and Saurina (2014),
Barbosa and Everett (2018), Hills and Wu (2019), Cao and Zhang (2021)).

The remainder of the paper is organized as follows. Section 2 presents the related
literature ans some stylized facts about the relationships about the macroprudential di-
mension of monetary policy in Japan, the United States, the United Kingdom and the
Eurozone. Section 3 presents the empirical framework. Section 4 contains the presenta-
tion of data and definition of the variables. In Section 5, we comment our main results.
Finally, Section 6 concludes.

2 Related literature and macroprudential dimensions
of monetary policies

2.1 Monetary policy and financial stability
The Global Financial Crisis (GFC) of 2008 has forced central banks to reconsider their
policy frameworks. The potential role of monetary policy to deal with financial imbalances
remains an area of active study. In the new consensus macroeconomics, monetary policy
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and price stability objective are treated as synonyms. In the absence of price stability (i.e
periods of deflation or hyperinflation), the likelihood of financial imbalances is high (see
Bordo et al. (2000)).

Nonetheless, there is a large debate among researchers and policymakers on the extent
to which monetary policy should deal with financial stability concerns. Smets (2018) sum-
marizes the theoretical framework, results and policy recommendations from the recent
literature as belonging to three broad views: a modified Jackson Hole consensus view, a
leaning against the wind vindicated view, and a financial stability is price stability view.

First, a modified Jackson Hole consensus view supports the idea that monetary policy
is ineffective in addressing financial stability concerns (see Iacoviello (2005), Svensson
(2013)) and that macroprudential policy is more effective (i.e., a cleaning type central
bank) (see Christensen and Meh (2011), Collard et al. (2012), Kannan et al. (2012),
Gelain et al. (2012), Alpanda and Zubairy (2017), Martinez-Miera and Repullo (2019)).
Svensson (2017a) for example, states that "monetary policy should not have financial
stability as a goal" and that leaning against the wind (LAW) is not advisable without
providing evidence based on a cost-benefit analysis (see Svensson (2017b)). An empirical
work by Ajello et al. (2016) states that monetary policy should not pursue financial
stability objective because of the weak response of credit conditions to interest rate.
There is a strict separation between financial stability and monetary policy objectives. In
other words, central banks should base their monetary policy action on inflation, output
and employment goals only. This strand of literature invalidates the Schwartz hypothesis
that price stability is a necessary condition for financial stability (see Goodfriend (2001),
Blinder (1999)). For instance, Borio and Lowe (2002) and Borio et al. (2003) show that
financial imbalances may multiply in a new economic environment characterised by stable
prices.

Second, a leaning against the wind vindicated view encompasses the idea that a fi-
nancial cycle cannot be fully addressed by macroprudential policy and interacts with the
business cycle (see Smets (2018)). It supports the idea that monetary policy should inte-
grate the financial cycle, as a secondary objective, into its reaction function, particularly
because the financial cycle is longer than the business cycle (see Drehmann et al. (2012)).
This means that monetary policy’s framework becomes more complex than it was prior
to the financial crisis.

Third, the financial stability is price stability view argues that both macroeconomic
and financial stability are completely interwined and impossible to distinguish. For exam-
ple, Blinder (2010) stated that “there is no price stability without financial stability”. The
defenders of this view argue that the objective of monetary policy should be to stabilize
the financial system, not only prices, and to make sure that monetary policy transmis-
sion channels function smoothly (see Brunnermeier and Sannikov (2014), Friedrich et al.
(2019)). Nair and Anand (2020) claim that financial stability should be an explicit ob-
jective of monetary policy. Revelo et al. (2020) contribute to theoretical studies from an
empirical work by finding that both policies are complementary, therefore a coordination
is needed. da Silva Vinhado and Divino (2019) investigate the impact of discretionary
shocks on macroprudential and monetary policies on banking and real sector of the econ-
omy, as well as their interaction. Using a DSGE model, they find that both policies might
be used as supplement for achieving economic and financial stability. Considering the co-
ordination between monetary and macroprudential policies, Glocker and Towbin (2015)
document that reserve requirements are an effective policy instrument for price stability
when the monetary authority follows a financial stability objective.
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Macroprudential policy aims at promoting financial stability, while the objective of
monetary policy is to maintain price stability. There can be a risk of conflicts between the
two objectives of the central bank (price stability and financial stability). For example,
the existence of different time horizons for price and financial stability can affect the
credibility of the central bank, and consequently the efficiency of their monetary policy
(see Ueda and Valencia (2014)). Hence, the conduct of each policy can lead to "side
effects" that can either enhance or mitigate the effectiveness of each policy and therefore
suggests the need for synchronisation.

2.2 Measuring the stance of monetary policy
A standard common way to measure the stance of monetary policy is to estimate Taylor
policy rules. Widely used in macro-finance and monetary economics, Gaussian Affine
Terme Structure (GATS) and New Keynesian Dynamic Stochastic Genereal Equilibrium
(NK-DSGE) models are used to fit the term structure of interest rates and can provide
a good description of the dynamics of short interest rate in the non-ZLB environment.
However, because of the sticky property of short-term rates, these models are no longer
able to reproduce their variations.

The Shadow rate, first introduced by Black (1995), has been widely used in the liter-
ature to measure the stance of monetary policy in a context of a "zero lower bound". The
Shadow Rate Term Structure (SRTS) model has become an alternative to overcome the
poor performance incurred by the ZLB. In a ZLB environment, researchers used shadow
rate models to characterize the term structure of interest rates (see Kim and Singleton
(2012)), Bauer and Rudebusch (2013)) or quantify the stance of monetary policy (see
Bullard et al. (2012), Krippner (2013a), Wu and Xia (2016b), Imakubo et al. (2015)).
The shadow rate is considered in the literature as a powerful tool to summarize useful
information from yield curve data (see Bullard et al. (2012), Krippner (2012), Lombardi
and Zhu (2014)) and Wu and Xia (2016a)) and a useful summary statistics for uncon-
ventional monetary policy (the shadow rate can take both positive and negative values).
Indeed, Wu and Zhang (2019) have shown a strong correlation between the quantity of
government bond puchase and the estimated shadow rate for Japan. In addition, they
find consistent response to monetary policy in both non-ZLB and ZLB environment using
a NK-DSGE model.

2.3 Overview of Current Institutional and Regulatory Frame-
works in Selected Central Banks

Table 18 - Appendix A.1 provides a brief overview of the institutional and operational
frameworks in four central banks in the United States, Japan, Eurozone and the United
Kingdom, to show the significance of financial stability concerns in the monetary policy
function. None of the selected central banks has a mandate that emphasizes financial
stability over price stability, except for the Bank of England where a secondary financial
stability objective is included. Table 19 - Appendix A.1 describes the objectives and
instruments of monetary and macroprudential policies.

The Global Financial Crisis (GFC) was caused by the bursting of a real estate bub-
ble, which generated a broader financial crisis and economic recessions. Faced with this
shock, reactions in terms of the policy mix (the combination of monetary and macropru-
dential policies) were heterogeneous across countries (see Tables 18 and 19 - Appendix
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A.1). In 2010, the United States created a Financial Stability Oversight Council under
the supervision of the Treasury secretary and independent from the Fed (such a deci-
sion was part of the Dodd-Franck Act). This illustrates the case of de Jure independent
monetary and macroprudential regulations. In contrast, the United Kingdom created in
2013 a Financial Policy Committee within the Bank of England with the objective of
maintaining financial stability. With a single institution coordinating macroprudential
and monetary policies the UK illustrate the case of a “lean against the wind” de Jure
policy-mix. The Eurozone has established an “in-between” policy. In Europe, the ESRB
was created in 2010 with a mandate to build a "risk dashboard", conduct stress tests,
issue warnings and make recommendations, without having any decision-making power
in terms of macroprudential policy. Although it is formally independent from the ECB,
the ESRB’s informational, administrative, and logistical support is provided by the na-
tional central banks. It therefore appeared more as a pressure force to lead the ECB to
take possible measures to stabilize the financial cycle. Macroprudential policy in Japan is
mainly under the supervision of two institutions, namely the Japanese Financial Services
Agency (JFSA) (more specifically within it, the Macroprudential Policy Office) and the
BoJ (notably, the Financial System and Bank Examination department). There is no
formal coordination framework (such as a council or committee) to coordinate macro-
prudential policy outside of periods of financial crisis, with relations between the two
institutions being regular and informal. The BoJ has been producing a Financial System
Report twice a year since 2005. According to Article 1 of the BoJ Act, it must consider
the macroprudential effects of its monetary policy.

3 Empirical framework
We investigate whether central banks’ have searched to influence the upward and down-
ward phases of the financial cycle. More specifically, we wonder whether they have adopted
a "lean against the wind" strategy, or a "clean up the busts afterwards" strategy by fueling
bullish episodes.

We consider the impact of changes in monetary policy instruments. Since the estima-
tion period (from 1999 to 2019) includes the years after the 2008 financial crisis and those
of unconventional monetary policies, we use the shadow interest rate as a proxy for the
monetary policy stance (we call it the “shadow policy rate”). The latter is endogenous.
Monetary authorities are supposed to use the following rule when setting their interest
rate. In addition to inflation and output gaps, central banks are concerned with financial
stability by seeking to stabilize the financial cycle. Since we want to capture the differ-
ential effects of monetary policy during bullish and bearish phases of the financial cycle,
we use the framework of regime switching models.

We start with a simple Markov-switching VAR(1) model:

yt = A1(st)yt−1 + µ(st) + ϵt(st), (1)

where

• yt = (fint, it, output-gap, inflation gap)′ . fin is the financial cycle and i is the
shadow policy rate.

• A1 is the matrix of endogenous variables parameters.
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• ϵt ∼ N(0, Σ).

• µ is a constant term.

We choose one lag for the VAR to keep parsimony and avoid a high number of parameters
to estimate.

The states stare hidden (unobserved) and the only information known is the probability
of being in a given state. We consider a two-state model. st is a first-order Markov-chain
of order 1 defined by the following transition probability matrix:

Πt =
p11t = exp(λ01+λ11Xt)

1+exp(λ01+λ11 Xt) p21t = 1 − p11t

p12t = 1 − p22t p22t = exp(λ02+λ12Xt)
1+exp(λ02+λ12 Xt)

 (2)

Xt = (x1t, x2t, ..., xdt)
′ is a vector of d exogenous variables that explain the transition

between different regimes: VIX, private agents’ risk-taking behaviors, households’ and
companies’ indebtedness.

The VIX captures global risk conditions. It has been found in the literature that
this indicator is significantly associated with destabilizing capital flows dynamics, sudden
stops and retrenchments in capital which are cause booms and busts in asset prices (see
for instance, Forbes and Warnock (2012)). It has also been shown that shocks to financial
market uncertainty and shocks to financial conditions are strongly correlated (see, among
others, Brave and Butter (2012)).

Moreover, many papers have emphasized the role of lenders’ and borrowers’ risks in
explaining the Minsky financial fragility hypothesis. The endogenous instability of the
financial cycle stems from excessive leverage of lenders and borrowers, risk mispricing that
can lead to losses in the value of collateral, or adverse selection/moral hazard phenomena
leading to mispricing of default risks (see, for recent contributions, Käfer (2018), Kahn
and Kay (2020), Kawamoto and Tomanyu (2020)).

We consider indicators of private household and corporate debt. Indeed, it is a stylized
fact in the literature that the private debt cycle is a component of the financial cycle and
that the phases of rising and falling asset prices are linked to episodes of over- and under-
indebtedness of the private sector. The financial cycle is destabilized either through the
credit accelerator mechanism or through the risk-taking channel. The literature on thes
topics is voluminous (see, for instance Bauer and Granziera (2017)).

pijt is the probability of moving from state j at time t-1 to state i at time t (0 ≤ pijt ≤
1). This type of model has been widely used in the literature to investigate the dynamics
of the business cycle (predictions of turning points), financial imbalances, and episodes of
financial stress, or currency crises (see, among many others, Guidoli (2011), Duprey and
Peltonen (2015), Fei and Mindaugas (2019), Benigno and Rebucci (2020)).

The model estimation is based on the procedure proposed by Krolzig (1997), Herwartz
and Lütkepohl (2014). An EM algorithm is used to maximize the log-likelihood function
of the conditional-joint density of the model.

In the VAR(1) model, the variables in the vector X are assumed to influence the
transition between regimes. But it is quite possible that they have a direct influence on
the financial cycle itself, as well as on the interest rate. If this is indeed the case, then
there is a risk of omission bias in the specification of the VAR model. Moreover, the
literature has shown that the financial cycle is driven by momentum dynamics that are
endogenous to the functioning of financial markets (Minsky moment). In this case, the
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factors that trigger bullish and bearish phases, or that are at the origin of turning points
in the cycle, are endogenous to the financial cycle itself.

We therefore compare the VAR model to an alternative model:

fint(st) = a0(st) + a1(st)(L) fint−1 + a2(st)(L) it

+a3(st)(L)Xt + ϵfin
t (st) (3)

it = b0 + b1(L) πgap
t + b2(L) outgapt + b3(L) it + c1(L) debt1

t

+c2(L) debt2
t + c3(L) riskt + ϵi

t(st) (4)

where

• πgap is inflation gap.

• outgap is output gap

• L is the lag operator

• risk is a proxy of borrowing and lender risk defined in the next section

This system of two equations is estimated using a two-step approach1. Equation (4)
is estimated first using ARDL (autoregressive distributed lag). Then the predicted values
of the endogenous variable are substituted for it in Equation (3) which is estimated as a
Markov-switching model. The switching variable in the transition function is the lagged
value of the financial cycle variable. The Markov-switching model allows to see whether
the reactions of the financial cycle to monetary policy change as a function of structural
factors (notably the variables entering the transition function).

4 Data and definition of the variables
The estimation covers the period from 1999 to 2019 and we use monthly data2. For
more clarity, Tables 1, 2, 3 and 4 contain a detailed description of the variables and their
sources.

4.1 Endogenous variables
As mentioned earlier, the vector of endogenous variables is composed of four variables:
the financial cycle, shadow policy rate, inflation gap and output-gap.

1Note that because of the limitations of a two-step estimation, we estimate in this chapter a simulta-
neous equation model.

2To the extent that we study how central banks’ interventions are likely to affect the financial cycle,
a minimum frequency at the monthly level is essential. Taking a lower frequency would miss the effects
and reactions of the financial or output cycles that occur at a sub-quarterly frequency. The chosen
interpolation method avoids introducing spurious fluctuations. Indeed, it is a linear interpolation that
simply connects points by a weighted average of the extremes and an arithmetic average of the points
located in the middle
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4.1.1 Measuring the financial cycle

Following the methodology proposed by Borio (2012), the financial cycle is measured by
combining information from 3 individual series, i.e. real estate price, equity price and
credit to the private sector. For each series, cycles are derived from Christiano Fitzgerald
band pass filter3. The filtered frequencies range from 18 months (1.5 years) to 96 months
(8 years). The cycle is measured as the deviation from the mean of the series. Then
the financial cycle is measured by taking the average of the individual cycle components.
Prior to extracting their the cyclical component, the individual series are measured in
index and normalized, so as to have the same base month.

4.1.2 Shadow rates, inflation gap and output-gap

To avoid the zero lower bound, we use the shadow rate as an indicator of the stance
of monetary policy. This rate has become negative as a result of massive purchases of
sovereign debt by central banks in the context of unconventional monetary policies. The
measures proposed in the literature are based on the extraction of information contained in
the term structure of interest rates. See for example Krippner (2013b), Krippner (2013c),
Wu and Xia (2016a), Krippner (2020). We use the Krippner data available on the Reserve
Bank of New Zealand website.

Inflation gap is measured by taking the difference between core inflation and a 2%
target. Core inflation is obtained using HP filter. As a proxy for the output gap, we
calculate the cyclical component of the industrial production index. The filter used is the
Christiano-Fitzgerald filter for frequencies between 18 months and 96 months.

4.2 Transition variables
We now present the variables retained in the vector X of the transition function.

The literature has shown that the private debt cycle is a driver of the financial cy-
cle. It fuels credit booms and busts and makes borrowers exposed to either interest rates
increases or sharp declines in property prices. High private sector debt levels can under-
mine sustainable economic growth. In many economies currently experiencing a crisis,
private debt levels are still high relative to output, making households and firms sensitive
to increases in interest rates or sharp declines in property prices. To that end, monetary
authorities respond by lowering interest rates to inject more liquidity into the economy,
encouraging the taking-on of even more debt, which can be problematic (these countries
could find themselves in a debt trap). Taking into account this phenomenon, we use two
indicators. The first, debt1, corresponds to changes in debt-to-gross disposable income
for households, in percent. As, the dominant proportion of private debts to Japanese
households is expressed as liabilities related to houses and lands, the variable debt1 in the
transition function is expected to positively correlate with the financial cycle, one compo-
nent of which is the real estate price. The second, debt2, captures the debt behaviour of
companies and corresponds to changes in non-financial corporation debt ratio of specific
assets/liabilities, in percent. Changes are computed on a year on year basis (difference
between the value of a quarter in a given year minus the value of the same quarter during
the preceding year).

We further construct two proxies for the risk-taking behaviour of borrowers and lenders
as follows. To do so, we calculate the dynamic correlation coefficients between the cyclical

3See Figures (30) and (31)
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components of real estate prices and credit to the private non-financial sector from banks
in % of GDP). More specifically, let X and Y be the two series. The dynamic correlation
between Xt−h and Yt+k is estimated for different couples of lags (h, k) up to 6 lags.
This is done using bivariate GARCH(1,1) models with Student distributions (because the
distributions of the two series have fat tails). We select the model with the highest log-
likelihood. When the correlation is calculated for the pair (h, k), with h = 0 and k > 0, the
real estate cycle leads the credit cycle. The correlations are then used as a proxy for lender
risk, as real estate serves as collateral for bank loans. The dynamic correlation series is
denoted nlender. When the correlation is calculated for a pair of lags such that k = 0 and
h < 0, we use the correlation series as a measure of borrower risk, since the credit cycle
leads the real estate cycle. In this way, we aim to capture the consequences of private
credit leverage on house prices. The correlation series is denoted by nborrow. For lender
risk, when the correlation is positive, it means that an increase in the price of real estate
leads to an increase in bank loans within k months. This can capture a higher risk-taking
by banks, as the market value of their collateral increases. Therefore a higher risk-taking
is captured by a positive correlation coefficient. A negative correlation indicates that
banks are cautious in granting credit. For borrower risk, a positive coefficient indicates
that when bank credits increase, the beneficiaries of the credit massively buy physical
assets, which makes the price of real estate increase in the following h months. This may
reflect an over-indebtedness of the private sector.
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Table 1: Data sources: Japan

Data/Variable name Description Source

Real estate price** Residential property prices (Index),
montly BIS

Equity price Nikkei Stock Average (Index), daily FRED

Debt of the private sector Credit to Private non-financial sec-
tor, US dollar (Billions), quarterly BIS

it
Shadow rate - Krippner data (%),
monthly

Reserve Bank of
New Zealand web-
site

CPI

Prices, Consumer Price Index, All
items, Percentage change, Corre-
sponding period previous year (%),
monthly

IFS

IP Industrial Production: Total Index,
monthly FRED

Real GDP
Real Gross Domestic Product for
Japan, Billions of Chained 2015 Yen,
quarterly

FRED

Credit/GDP gap
Credit-to-GDP gaps (actual-trend)-
Credit from All sectors to Private
non-financial sector (%), quarterly

BIS

Credit*

Japan-Credit to Households and
NPISHs from all sectors at market
value - domestic currency (Billions)
- adjusted for breaks

BIS

Nominal disposable income* Nominal disposable income - domes-
tic currency (Billions) - quarterly

(SNA)National Ac-
counts of Japan

Debt2
Japan-Credit to NFS from all sec-
tors at market value - Percentage of
GDP- Adjusted for breaks, quarterly

BIS

All variables are interpolated to monthly data
*The variable debt1 is equal to the credit to households and NPISHs divided by the
nominal disposable income
**Due to a lack of data, we use a proxy of the variable real estate price which is the
residential property prices.
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Table 2: Data sources: United States

Data/Variable name Description Source

Real estate price** Residential property prices (Index),
quarterly BIS

Equity price NASDAQ Composite Index, daily FRED

Debt of the private sector Credit to Private non-financial sec-
tor, US dollar (Billions), quarterly BIS

it
Shadow rate - Krippner data (%),
monthly

Reserve Bank of
New Zealand web-
site

CPI

Prices, Consumer Price Index, All
items, Percentage change, Corre-
sponding period previous year, (%),
monthly

IFS

IP Industrial Production: Total Index,
monthly FRED

Real GDP
Real Gross Domestic Product, Bil-
lions of Chained 2012 Dollars, quar-
terly, Annual Rate

FRED

Credit/GDP gap
Credit-to-GDP gaps (actual-trend)-
Credit from All sectors to Private
non-financial sector (%), quarterly

BIS

Credit*

Credit to Households and NPISHs
from All sectors at Market value,
Adjusted for breaks, US dollar (Bil-
lions), quarterly

BIS

Nominal disposable income*
Disposable Personal Income, Bil-
lions of dollars, Monthly, SA Annual
Rate (Billions), Monthly

FRED

Debt2
Credit to Private non-financial sec-
tor from All sectors at Market value
- Adjusted for breaks (%), Quarterly

BIS

VIX CBOE Volatility Index, daily FRED

All variables are interpolated to monthly data
*The variable debt1 is equal to the credit to households and NPISHs divided by the
nominal disposable income
**Due to a lack of data, we use a proxy of the variable real estate price which is the
residential property prices.
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Table 3: Data sources: Eurozone

Data/Variable name Description Source

Real estate price
Euro area (changing composition) -
HICP - Actual rentals for housing,
monthly Index, Eurostat

ECB (sdw)

Equity price Share prices, index, monthly OECD

Debt of the private sector
Credit to Private non-financial sec-
tor, domestic currency (Billions),
quarterly

BIS

it
Shadow rate - Krippner data (%),
monthly

Reserve Bank of
New Zealand web-
site

CPI Euro area-year-on-year changes,
monthly, (%) BIS

IP

Industrial production index, total
excluding construction. Euro area
19 (fixed composition), monthly, do-
mestic currency (Millions)

ECB (sdw)

Real GDP
Real Gross Domestic Product for
Euro area (19 countries), Millions of
Chained 2010 Euros, quarterly

FRED

Credit/GDP gap Domestic credit-to-GDP gap (%) ECB (sdw)

Debt1

Loans granted to households as a ra-
tio of gross disposable income, quar-
terly, Euro area 19 (fixed composi-
tion)

ECB (sdw)

Debt2
Euro area-Credit to Non financial
sector from all sectors at market
value, quarterly (%)

BIS

All variables are interpolated to monthly data
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Table 4: Data sources: United Kingdom

Data/Variable name Description Source

Real estate price Property Price - HICP - actual
rentals for housing, monthly index ECB (sdw)

Equity price Equity Price, index, monthly OECD

Debt of the private sector Credit to private non-financial sec-
tor, billions, quarterly BIS

it
Shadow rate - Krippner data (%),
monthly

Reserve Bank of
New Zealand web-
site

CPI UK - year-on-year changes (%),
monthly BIS

IP Production of Total Industry in the
UK, index, monthly FRED

Real GDP
Real Gross Domestic Product for
UK, Millions of Chained 2010 Na-
tional Currency, quarterly

FRED

Credit/GDP gap Domestic credit-to-GDP gap, quar-
terly (%) ECB (sdw)

Debt1

Loans granted to households as a ra-
tio of gross disposable income, quar-
terly, Euro area 19 (fixed composi-
tion)

ECB (sdw)

Debt2
Credit to Non financial sector from
all sectors at market value (%),
quarterly

BIS

All variables are interpolated to monthly data

5 Results
The results are presented in this section. Some additional robustness checks are performed
to assess the reliability of the results (see Appendix A.3).

5.1 The case of Japan
Figure 1 shows that regime 1 corresponds to downward phases of the financial cycle and
regime 2 to upward phases. In each case, these are the phases of the cycle for which the
probability in a given regime is high. For the bearish phases, the model correctly identifies
the first period, from 2000 to 2002, which corresponds to a financial crash that followed
the 1990s Asian crisis. In Japan, this led to a fall in the price of lands and real estate
assets in general, and to a credit crunch given the accumulation of banks’ non-performing
loans. The second period of decline corresponds to the global financial crisis of 2008. The
last major bearish phase took place between 2013 and 2016, during the years of QQE
(quantitative and qualitative easing) policy implementation.
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Figure 3 shows that the regimes are very "absorbing", reflecting the persistence of the
up and down phases of the financial cycle. This means that the probability of remain-
ing in a regime, once one has entered it, is high. The results of Table 5 show that the
following explanatory variables of the transition function are significant. Lending risk
behavior increases the probability of remaining in bearish phases (the coefficient of the
variable Lending in the transition function p11t is positive and statistically significant).
On the contrary, borrowing risks increase the probability of exiting a bearish regime (see
the statistically significant negative coefficient of the variable borrowing in the transition
function p11t).

Figure 1: Posterior smoothed probability of regimes 1 and 2

Right scale : smoothed probabilities. Left scale: index of financial cycle

Figure 2 shows the effects of the interest rate cut on the probability of moving from
a bearish to a bullish regime. As can be seen, this probability has increased over time,
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and very strongly from 2010 onwards as soon as shadow rates fall sharply. This evidence
is consistent with the idea that unconventional monetary policy has made the occurrence
of financial bubbles more likely by feeding the upside of the financial cycle.

The estimates in Table 5 show several interesting results. First, finance is not neutral
for the real economy. Indeed, during the downturns and upturns, the financial cycle is
countercyclical, in the sense that it varies inversely to the business cycle (the coefficients
of the financial cycle variable in the output gap equation are negative and equal to -0.24
and -0.1 respectively). This result goes against the hypothesis of procyclicality of the
financial system, which is much discussed in the literature. One explanation here is that
the link between the financial cycle and the real economy is through arbitrage behavior.
When financial asset prices are falling, it is more profitable to invest in these assets than in
physical assets (investment falls). On the contrary, during downturns, the relative return
on financial assets decreases, which can lead to a decrease in their share in investors’
portfolios. This explanation is consistent with Tobin’s Q approaches to explaining the
evolution of real output. As can be seen, this effect plays out more strongly during
downturns (regime 1).

Figure 2: Transition from regimes 1 and 2

Right scale : transition probabilities. Left scale: shadow rate
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Figure 3: Transition probabilities - Financial cycle
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Table 5: Estimation results. VAR model: Japan

Regime 1 Regime 2
Fin. cycle Int. Rate Outgap Infl. gap Fin. cycle Int. Rate Outgap Infl. gap

Fin. cycle(-1) -0.22∗∗∗ 0.98∗∗∗ -0.24∗∗∗ -0.03∗∗∗ -0.22∗∗∗ 1.01∗∗∗ -0.10∗∗∗ 0.017∗∗∗

(0.04) (0.007) (0.037) (0.007) (0.03) (0.008) (0.03) (0.006)

Int. Rate(-1) 0.09∗∗ 0.001 0.95∗∗∗ -0.011 0.14∗∗∗ -0.013 1.07∗∗∗ -0.01
(0.05) (0.008) (0.044) (0.008) (0.04) (0.01) (0.04) (0.007)

Output gap(-1) -0.18 0.005 0.34∗∗ 1.028∗∗∗ -0.26∗∗ -0.003 -0.30∗∗∗ 0.99∗∗∗

(0.17) (0.026) (0.15) (0.028) (0.11) (0.026) (0.11) (0.02)

Infl. gap(-1) -2.10∗∗∗ -0.059 -0.55 -0.11∗ -0.05 -0.005 -0.19 0.14∗∗∗

(0.419) (0.059) (0.364) (0.06) (0.24) (0.05) (0.24) (0.04)

Constant 0.89∗∗∗ -0.0019 -0.011 0.011∗∗∗ 0.95∗∗∗ 0.017∗∗∗ -0.017 -0.002
(0.026) (0.004) (0.024) (0.004) (0.02) (0.005) (0.025) (0.004)

σ(fin.cycle) 0.80∗∗∗ -0.005 0.559∗∗∗ 0.008 0.75∗∗∗ 0.011 0.58∗∗∗ 0.004
(0.169) (0.015) (0.13) (0.017) (0.103) (0.017) (0.09) (0.014)

σ(int.rate) -0.005 0.028∗∗∗ 0.009 0.009∗∗∗ 0.01 0.04∗∗∗ -0.016 -0.004
(0.015) (0.003) (0.01) (0.003) (0.017) (0.006) (0.017) (0.003)

σ(outputgap) 0.55∗∗∗ 0.009 0.77∗∗∗ 0.096∗∗∗ 0.58∗∗∗ -0.01 0.78∗∗∗ 0.08∗∗∗

(0.132) (0.014) (0.12) (0.018) (0.09) (0.017) (0.10) (0.015)

σ(infl.gap) 0.008 0.009∗∗∗ 0.09∗∗∗ 0.032∗∗∗ 0.004 -0.004 0.08∗∗∗ 0.02∗∗∗

(0.017) (0.003) (0.018) (0.004) (0.014) (0.003) (0.015) (0.003)
Transition Matrix Parameters

Variable Coef. Pvalue Coef. Pvalue
p_11t p_21t
Constant 0.74 0.61 Constant -4.89*** 0.002
Borrowing(-1) -0.049*** 0.024 Borrowing (-1) -0.003 0.801
VIX(-1) 0.127* 0.09 VIX (-1) 0.10 0.169
Debt1(-1) -0.16 0.583 Debt1 (-1) 0.22 0.392
Debt2(-1) -0.25 0.264 Debt2 (-1) -0.20 0.278
Lending(-1) 0.028** 0.050 Lending (-1) 0.0004 0.96

Note: coefficients and standard errors. *,**,***: significance at 10%, 5%, 1%.

In the interest rate equation, the shadow rate is not influenced by either the output
gap or the inflation gap. The observation of a situation of very low inflation and secular
stagnation with low potential growth rates has not motivated any reaction or change in
the monetary policy stance of the monetary authorities with respect to these variables
since the 2008 crisis. In contrast, the coefficient of the financial cycle in the interest rate
equation is positive and significant in both regimes (around 1). This can be motivated
by a concern of the BoJ to suppress a large variation in the financial cycle by raising its
policy rate. This sign is a puzzle, as is the positive sign of the interest rate coefficient in
the financial cycle equations. Such results can reflect a bias due to the omission of other
potential determinants of the financial cycle and interest rate. We therefore propose new
results based on an alternative specification.

Table 6 shows the results of the estimation of the interest rate equation (Equation
4). As shown in Figure 4, the ARDL model selected provides a good fit for the interest
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rate. There is no long-run relationship. Indeed, the bound test statistic is lower than the
lower bound (I0 bound). No coefficient is significant in the long-run relationship, except
for a negative long-run trend. This result is not surprising since the shadow rate reflects
a short rate and the objectives of monetary policy are short-term objectives. In the short
term, the shadow rate does not react to either the inflation gap or the gap in industrial
production (here we find similar as with the VAR model). However, it is positively
correlated with the increase in vulnerability to household debt (statistically significant
and positive coefficient of the debt variable debt1), as well as with the increase in borrower
leverage approximated here by the variable Borrowing (its coefficient is significant and
positive). Thus, the interest rate cuts over the period under examination could have been
motivated by a concern to reduce the debt overhang and as an accompanying measure to
clean up the balance sheets of the private sector.
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Table 6: Estimation results. ARDL model: Japan

ECM Regression
Variable Coef. Pvalue
∆Int.Rate(−1) 0.39∗∗∗ 0.000

(0.0597)

∆Infl.gap -0.008 0.896
(0.064)

∆CycleIP 0.007 0.577
(0.012)

∆Debt1 0.026 0.312
(0.026)

∆Debt1(−1) -0.025 0.422
(0.031)

∆Debt1(−2) 0.058∗∗∗ 0.024
(0.025)

∆Debt2 0.024 0.538
(0.039)

∆Borrowing 0.113∗ 0.0799
(0.064)

∆Borrowing(−1) -0.1997 0.1127
(0.125)

∆Borrowing(−2) 0.094 0.1463
(0.064)

Constant -0.045∗∗∗ 0.0011
(0.013)

CointEq(-1) -0.0156∗∗∗ 0.0001
(0.0039)

Levels Equation
Variable Coef. Pvalue
Infl. gap -2.46 0.1392

(1.658)

Cycle IP 0.443 0.1127
(0.279)

Debt1 -0.645 0.178
(0.477)

Debt2 0.241 0.561
(0.413)

Borrowing -0.011 0.750
(0.0338)

Trend -0.045∗∗∗ 0.005
(0.016)

R2 0.995
DW 1.97

Note : coefficients and standard errors. ∗∗∗,∗∗,∗: significance at 10%, 5%, 1%.
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Figure 4: Residuals of the Interest rate Equation: Japan

The estimation results of the Markov switching model (Equation 3) are shown in Table
7. Figure 5 shows that regimes 1 and 2 correspond to the turning points of the financial
cycle. This can be seen by superimposing the smoothed probabilities and the financial
cycle series
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Table 7: Estimation results. Markov-switching model: Japan

Regime 1 Regime 2
Fin.cycle Fin. cycle

Fin. cycle(-1) 0.986∗∗∗ 0.998∗∗∗

(0.009) (0.014)

Int. Rate 0.267 0.219
(0.285) (0.411)

Int. Rate(-1) -0.263 -0.851 ∗∗∗

(0.276) (0.409)

VIX -0.0198 -0.0092
(0.018) (0.044)

VIX(-1) -0.0064 -0.079∗∗

(0.0176) (0.042)

Borrowing -0.005 0.033∗∗∗

(0.005) (0.014)

Borrowing(-1) 0.004 -0.023
(0.006) (0.014)

Debt1 -0.072 -0.359
(0.113) (0.205)

Debt1(-1) -0.275∗∗∗ -0.359∗

(0.1199) (0.219)

Debt2 0.603∗∗ -0.194
(0.308) (0.411)

Debt2(-1) -0.297 -0.152
(0.282) (0.404)
Transition Matrix Parameters

Variable Coef. Pvalue Coef. Pvalue
p_11t p_21t
Fin.cycle(-1) -0.028 0.308 Fin.cycle(-1) -0.0036 0.883

Note : coefficients and standard errors. ∗∗∗,∗∗,∗: significance at 10%, 5%, 1%.

Figure 5: Regimes in the alternative model: Japan
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The troughs (Regime 1) correspond to the transitions between the bearish and bullish
phases of the cycle. In the case of a "lean against the wind" policy, we would expect
the coefficient of the interest rate in Equation (3) to be negative. Indeed, a negative
sign would mean that the central bank has the opportunity to counter the bullish phase
by raising the interest rate. But, it also means that by lowering the interest rate, the
central bank could feed the increases in prices and asset values. The regression results
show that, influence of the interest rate in regime 1 in non-significant. The peaks (Regime
2) correspond to the transition between the bullish and bearish phases. A negative sign
indicates that the central bank can help a bubble to burst, or at least stop a phase of
continuous rise in prices or asset values, by raising its interest rate. On the contrary, by
lowering its rate, it prolongs the duration of bullish phases. In the regression, the sign of
the interest rate in the second regime is negative and significant. Monetary authorities
therefore had a "lean against the wind" policy, but mainly at the high points of the
financial cycle. Another interesting results concerns the variables that are at play at
turning points in the cycle. Corporate debt (debt2) favors the onset of upturns in the
financial cycle after downturns (positive and significant coefficients). On the contrary,
when credit to the economy is directed more towards household debt (this is captured
by the variable debt1), increases are attenuated (for example, because household debt
stimulates consumption). The coefficient of the variable debt1 carries a negative sign,
which suggest that households’ saving (therefore a reduction in their debts) have fuel the
upward phases of the financial cycle (via the real estate cycle, for example). Some other
variables influence the transition from bullish to bearish phases: the VIX and the financial
vulnerability of borrowers. Generally, in the US market, the VIX rises when the financial
markets turn downwards (a rise in the VIX means greater pessimism among traders).
The negative sign of VIX here indicates that the U.S. and Japanese financial markets
are operating in synchronicity: greater trader pessimism in the U.S. market drives down
asset prices and values in the U.S. (and Japanese) markets. and, greater risk-taking by
borrowers "prevents" downward reversals (see the positive sign of the variable borrowing).

5.2 A comparative approach: the United States, the Eurozone
and United Kingdom

In this section, we present the results from estimating a regime-switching approach for
the United States, the Eurozone and the United Kingdom. Summary tables (Tables 20,
21, 22, 23 and 24) of the resulting policy implications including Japan are presented in
Appendix A.2.

In Figures 6, 7 and 8, the estimated smoothed probabilities from the VAR models
are plotted for each country. For the United States and the United Kingdom, regime 1
corresponds to upward phases of the financial cycle and regime 2 shows downward phases,
and inversely for the Eurozone (here we find similar results as in Japan, see figure 1). For
the bearish phases, the model correctly identifies 3 major periods. The first period from
2000 to 2003 corresponds to the bursting of the internet bubble. This led to the collapse
of financial markets, for instance a NASDAQ crash in the United States. The second
period of decline corresponds to the global financial crisis of 2008 and the implementation
of QE (quantitative easing) in the US. The US housing bubble has led to the collapse of
the largest financial institutions, which generated disruptions in credit and housing mar-
kets in the major industrialized economies as the Eurozone and the United Kingdom. In
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particular, in Figure (6), we can clearly identify the regimes starting with 2008. Regime 1
corresponds to bullish phases and Regime 2 corresponds to a bearish regime. The period
from 2008 to 2018 is characterized by an economic downturn after the financial crisis.
For the Eurozone, the last downward phase took place between 2010 and 2013, which
corresponds to the sovereign debt crisis that was triggered by the Greek crisis. For the
United Kingdom, the bearish period goes from 2012 to 2016 and is characterised by a
significant fall in GDP and house prices, as well as an important amount of household
debt in 2015.

Figures 12, 13 and 14 represent the transition probabilities for each country. As in
Japan, it can be seen that the regimes are very "absorbing" for the selected countries,
except for the United States. Indeed, the up and down phases of the financial cycle are
highly persistent in regime 2, implying a high probability of remaining in regime 2, thus
a low probability of moving from regime 2 to 1. The results of Tables 8 and 9 show
that none of the explanatory variables of the transition function is significant in both the
United States and the Eurozone. This result implies that the transition variables do not
influence the transition between regimes. In the United Kingdom (see Table 10), lending
risk behavior increases the probability of remaining in bearish phases (the coefficient of
the variable Lending in the transition function p21t is positive and statistically significant),
as it is the case in Japan.

Figures 9, 10 and 11 show the impact of the interest rate cut on the probability of
moving from a bullish to a bearish regime for each country and inversely for the Eurozone.
First, in the United States, this probability has decreased sharply from 2008 onwards as
soon as shadow rates fall until 2013, suggesting that unconventional monetary policy im-
plemented since the financial crisis did not trigger financial bubbles. However, there is a
slight increase in the probability, from around 2017 to 2018, coupled with an increase in
interest rates from 2013 until 2020. Such a result show that an increase in interest rates
could potentially influence the transition from a downward to an upward phase of the
financial cycle. Second, for the United Kingdom, the probability increases from 2008 on-
wards. This increase coincides with the fall in shadow rates until 2013 which implies that
quantitative easing policy has influenced the transition from a bearish to bullish phases of
the financial cycle. Third, in the case of the Eurozone, the probability of moving from a
bearish to a bullish regime has decreased over time and strongly from 2010 onwards as soon
as shadow rates fall sharply. Therefore, unconventional monetary policy in the Eurozone
has mainly fueled the upward phases of the financial cycle. This result is similar to Japan.
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Figure 6: Posterior smoothed probability of regimes 1 and 2: United States

Right scale : smoothed probabilities. Left scale: index of financial cycle
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Figure 7: Posterior smoothed probability of regimes 1 and 2: Eurozone

Right scale : smoothed probabilities. Left scale: index of financial cycle
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Figure 8: Posterior smoothed probability of regimes 1 and 2: United Kingdom

Right scale : smoothed probabilities. Left scale: index of financial cycle
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Figure 9: Transition from regimes 1 and 2: United States

Right scale : transition probabilities. Left scale: shadow rate

Figure 10: Transition from regimes 1 and 2: Eurozone

Right scale : transition probabilities. Left scale: shadow rate
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Figure 11: Transitions from regimes 1 and 2: United Kingdom

Right scale : transition probabilities. Left scale: shadow rate

Figure 12: Transition probabilities - Financial cycle: United States
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Figure 13: Transition probabilities - Financial cycle: Eurozone

Figure 14: Transition probabilities - Financial cycle: United Kingdom

Tables 8, 9 and 10 show the estimation results from the VAR model for each country.
First, as in Japan, finance is not neutral for the real economy in the selected countries.
Indeed, the financial cycle is countercyclical during the upturns in the US and the UK (the
coefficients of the financial variable in the output gap equation are negative and equal to
-1.473 and -0.066 respectively), and during the downturns in the Eurozone (the coefficient
is negative and equal to -0.307). However, it is procyclical during the downturns in the
United States (the coefficient is positive and equal to 0.043).
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Second, we observe an heterogeneous response of central banks to the main objectives
of monetary policy. One explanation here is that countries differ in the weight they assign
to monitor inflation and output. For instance, the Fed in the US has an explicit man-
date to target both inflation and output, whereas in other countries, such as the UK, the
primary objective is to maintain price stability and not output (see Tables 18 and 19
- Appendix A.1). Indeed, in the interest rate equation, the reaction in these countries
differs significantly. On the one hand, the shadow rate is not influenced by the inflation
gap in the United States and the Eurozone, whereas the impact is negative in the United
Kingdom during the upturns (the coefficient is negative and equal to -0.152). Such re-
sults suggest that the BOE is trying to respond to the negative (positive) inflation gap
by raising (lowering) rates, which is not consistent with literature, i.e the coefficients do
not have the expected positive signs. On the other hand, the shadow rate does react to
the output gap only in the United States and the Eurozone: (i) during the upturns (i.e
regime 1 in the US and regime 2 in the Eurozone), the impact is positive and, (ii) during
the downturns (ie. regime 1 in the Eurozone and regime 2 in the US), the effect is positive
in the Eurozone whereas it is negative in the US. The latter result is not in line with the
theory which states that an increase in the output gap leads to an increase in the policy
rate. This can be indicative of the fact that the Federal Reserve Bank has only been
chasing the inflation in the first place. Furthermore, the coefficient of the financial cycle
in the interest rate equation is positive and significant in both regimes for the Eurozone
and the United Kingdom and during downturns in the United States. This sign is a puzzle
as it was explained for the Japanese case. However, during upturns, the model correctly
identifies the expected negative sign of the coefficient.
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Table 8: Estimation results. VAR model: United States

Regime 1 Regime 2
Fin. cycle Int. Rate Outgap Infl. gap Fin. cycle Int. Rate Outgap Infl. gap

Fin. cycle(-1) 0.817∗∗∗ -1.473∗∗∗ -0.059∗∗∗ 0.062∗ 1.041∗∗∗ 2.63∗∗∗ 0.043∗ 0.481∗∗∗

(0.0295) (0.428) (0.017) (0.036) (0.040) (0.553) (0.022) (0.046)

Int. Rate(-1) -0.0022∗∗∗ 0.989∗∗∗ -0.002∗∗∗ 0.001 -0.004∗∗ 1.03∗∗∗ 0.001 0.013∗∗∗

(0.000) (0.011) (0.000) (0.001) (0.002) (0.022) (0.001) (0.002)

Output gap(-1) 0.172∗∗∗ 2.298∗∗∗ 0.999∗∗∗ -0.174∗∗∗ 0.061 -5.598∗∗∗ 0.955∗∗∗ -1.132∗∗∗

(0.051) (0.741) (0.029) (0.062) (0.082) (1.125) (0.046) (0.093)

Infl. gap(-1) 0.004 -0.105 -0.001 1.018∗∗∗ 0.003 -0.041 -0.002 0.969∗∗∗

(0.005) (0.069) (0.0027) (0.0057) (0.005) (0.062) (0.002) (0.005)

Constant 0.002 -0.009 -0.003∗∗∗ -0.006∗∗∗ 0.002 -0.009 -0.003∗∗∗ -0.006∗∗∗

(0.002) (0.025) (0.001) (0.002) (0.002) (0.025) (0.001) (0.002)

σ(fin.cycle) 0.0004∗∗∗ 0.001∗∗∗ 0.0002∗∗∗ 0.0002∗∗∗ 0.0004∗∗∗ 0.001∗∗∗ 0.0002∗∗∗ 0.0002∗∗∗

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

σ(int.rate) 0.0015∗∗∗ 0.080∗∗∗ 0.0007∗∗∗ 0.0008∗ 0.0015∗∗∗ 0.080∗∗∗ 0.0007∗∗∗ 0.0008∗

(0.00037) (0.00731) (0.00021) (0.00043) (0.00037) (0.00731) (0.00021) (0.00043)

σ(outputgap) 0.0002∗∗∗ 0.0007∗∗∗ 0.0001∗∗∗ 0.0001∗∗∗ 0.0002∗∗∗ 0.0007∗∗∗ 0.0001∗∗∗ 0.0001∗∗∗

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

σ(infl.gap) 0.0002∗∗∗ 0.0008∗ 0.0001∗∗∗ 0.0005∗∗∗ 0.0002∗∗∗ 0.0008∗ 0.0001∗∗∗ 0.0005∗∗∗

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Transition Matrix Parameters

Variable Coef. Pvalue Coef. Pvalue
p_11t p_21t
Constant 1.243 0.663 -3.608∗∗∗ 0.002
Borrowing -19.44 0.217 -1.84 0.618
VIX 0.238 0.165 0.028 0.512
Debt1 -0.003 0.992 -0.027 0.919
Debt2 -0.812 0.219 -0.122 0.789
Lending 17.157 0.214 2.17 0.575

Note: coefficients and standard errors. *,**,***: significance at 10%, 5%, 1%.
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Table 9: Estimation results. VAR model: Eurozone

Regime 1 Regime 2
Fin. cycle Int. Rate Outgap Infl. gap Fin. cycle Int. Rate Outgap Infl. gap

Fin. cycle(-1) -0.0031∗∗∗ 0.980∗∗∗ -0.307∗∗∗ 0.0007 -0.0025∗∗∗ 0.911∗∗∗ -0.175∗∗∗ -0.006661∗∗∗

(0.00038) (0.01536) (0.03477) (0.00121) (0.00034) (0.01497) (0.02995) (0.00031)

Int. Rate(-1) -0.0003∗∗∗ -0.0063 0.966∗∗∗ -0.0026∗∗∗ 0.0016∗∗∗ 0.0130∗∗ 1.035∗∗∗ 0.00046∗∗∗

(0.00011) (0.00465) (0.01043) (0.00036) (0.00014) (0.00626) (0.01243) (0.00012)

Output gap(-1) 0.0045∗∗ 0.0534 0.943∗∗∗ 1.019∗∗∗ 0.0034∗∗ 0.499∗∗∗ 0.957∗∗∗ 1.012∗∗∗

(0.00191) (0.07921) (0.17720) (0.00625) (0.00142) (0.06168) (0.12579) (0.00129)

Infl. gap(-1) -0.0085∗∗∗ 0.144 -1.067∗∗∗ -0.071∗∗∗ 0.0199∗∗∗ 0.118 0.737∗∗∗ 0.0107∗∗∗

(0.00319) (0.13249) (0.29674) (0.01032) (0.00203) (0.08889) (0.17735) (0.00174)

Constant 1.024∗∗∗ -0.598 4.015∗∗∗ 0.201∗∗∗ 0.951∗∗∗ 0.129 -1.133∗∗ 0.021∗∗∗

(0.00943) (0.39153) (0.87681) (0.03052) (0.00700) (0.30563) (0.61043) (0.00603)

σ(fin.cycle) 5.06E-05∗∗∗ -8.70E-06 0.001∗∗∗ -5.54E-05∗∗∗ 1.24E-05∗∗∗ -0.0001∗∗ -0.00027∗∗ 2.23E-06∗∗

(6.3E-06) (0.00018) (0.00044) (1.5E-05) (1.8E-06) (5.7E-05) (0.00012) (1.1E-06)

σ(int.rate) -8.70E-06 0.0876∗∗∗ 0.0519∗∗∗ 0.0024∗∗∗ -0.0001∗∗ 0.023∗∗∗ 0.022∗∗∗ -1.99E-05
(0.00018) (0.01083) (0.01758) (0.00063) (5.7E-05) (0.00339) (0.00539) (4.8E-05)

σ(outputgap) 0.0016∗∗∗ 0.051∗∗∗ 0.432∗∗∗ 0.005∗∗∗ -0.00027∗∗ 0.0229∗∗∗ 0.0945∗∗∗ 3.76E-05
(0.00044) (0.01758) (0.05368) (0.00142) (0.00012) (0.00539) (0.01379) (9.5E-05)

σ(infl.gap) -5.54E-05∗∗∗ 0.0024∗∗∗ 0.0055∗∗∗ 0.0005∗∗∗ 2.23E-06∗∗ -1.99E-05 3.76E-05 8.46E-06∗∗∗

(1.5E-05) (0.00063) (0.00142) (6.6E-05) (1.1E-06) (4.8E-05) (9.5E-05) (1.5E-06)
Transition Matrix Parameters

Variable Coef. Pvalue
p_11t p_21t
Constant 4.742∗∗∗ 0.0001 -4.969∗∗∗ 0.0052
Borrowing -1.3234 0.6223 2.2748 0.4158
Debt1 0.531 0.4951 0.467 0.4075
Debt2 -0.0577 0.8933 -1.242 0.1498
Lending 1.924 0.3863 -1.416 0.6056

Note: coefficients and standard errors. *,**,***: significance at 10%, 5%, 1%.
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Table 10: Estimation results. VAR model: United Kingdom

Regime 1 Regime 2
Fin. cycle Int. Rate Outgap Infl. gap Fin. cycle Int. Rate Outgap Infl. gap

Fin. cycle(-1) -0.0012∗∗∗ 1.029∗∗∗ -0.066∗∗∗ 0.010∗∗∗ -0.0008∗ 0.839∗∗∗ -0.032 0.0015∗∗

(0.000) (0.010) (0.020) (0.000) (0.000) (0.025) (0.042) (0.001)

Int. Rate(-1) 0.001∗∗∗ -0.007 1.045∗∗∗ -0.001∗∗∗ -0.002∗∗∗ -0.039∗ 0.791∗∗∗ -0.001∗∗∗

(0.000) (0.0094) (0.020) (0.000) (0.000) (0.020) (0.041) (0.001)

Output gap(-1) -0.0019∗ -0.058 -0.086 1.018∗∗∗ 0.002∗∗∗ -0.047 0.314∗∗∗ 1.013∗∗∗

(0.001) (0.041) (0.086) (0.001) (0.001) (0.035) (0.072) (0.001)

Infl. gap(-1) 0.0048∗∗∗ -0.152∗∗∗ 0.267∗∗∗ -0.021∗∗∗ -0.002∗∗ -0.021 -0.117 -0.024∗∗∗

(0.001) (0.038) (0.078) (0.001) (0.001) (0.041) (0.083) (0.001)

Constant 0.975∗∗∗ 0.453 -2.400 -0.080∗∗∗ 1.138∗∗∗ 5.864∗∗∗ 18.599∗∗∗ -0.228∗∗∗

(0.020) (0.812) (1.71) (0.025) (0.047) (2.03) (4.169) (0.063)

σ(fin.cycle) 4.89E-05∗∗∗ 0.0003∗∗ 0.003∗∗∗ 5.56E-06 4.89E-05∗∗∗ 0.0003∗∗ 0.003∗∗∗ 5.56E-06
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

σ(int.rate) 0.0003∗∗ 0.0808∗∗∗ 0.0361∗∗∗ 0.0006∗∗∗ 0.0003∗∗ 0.0808∗∗∗ 0.0361∗∗∗ 0.0006∗∗∗

(0.000) (0.008) (0.012) (0.000) (0.000) (0.008) (0.012) (0.000)

σ(outputgap) 0.003∗∗∗ 0.0361∗∗∗ 0.357∗∗∗ 0.001∗∗ 0.003∗∗∗ 0.0361∗∗∗ 0.357∗∗∗ 0.001∗∗

(0.000) (0.012) (0.034) (0.000) (0.000) (0.012) (0.034) (0.000)

σ(infl.gap) 5.56E-06 0.0006∗∗∗ 0.0009∗∗ 7.42E-05∗∗∗ 5.56E-06 0.0006∗∗∗ 0.0009∗∗ 7.42E-05∗∗∗

(0.000) (0.012) (0.034) (0.000) (0.000) (0.012) (0.034) (0.000)
Transition Matrix Parameters

Variable Coef. Pvalue Coef. Pvalue
p_11t p_21t
Constant 3.399∗∗ 0.0578 -4.27∗∗∗ 0.002
Borrowing 3.32 0.256 -2.381 0.352
VIX -0.0358 0.651 0.045 0.362
Debt1 0.785 0.157 -0.450 0.351
Debt2 0.0957 0.734 0.160 0.517
Lending -0.424 0.818 3.754∗∗∗ 0.057

Note: coefficients and standard errors. *,**,***: significance at 10%, 5%, 1%.

Now, as we did for Japan, we proceed by using a two-step approach based on a fitting
of the interest rate rule and then by estimating a single equation MS model in which the
financial cycle (lagged with one period) is the transition variable and debt, borrowing
and lending are control variables in the financial cycle equation. Tables 44, 12 and 13
show the estimation of the interest rate equation for the selected countries (Equation 4).
Figures 15, 16 and 17 indicate that the ARDL model selected for each country provides
a good fit for the interest rate. First, accross countries, the shadow rate reacts differently
to inflation and output gaps. There is no short-run relationship in the United-States, in
the sense that no exogenous variables were selected in the ARDL model, or the selected
variables is non-significant. In the UK, the shadow rate does react positively to the in-
flation gap in the short-run, but inversely in the long-run. The shadow rate reacts to the
output gap in the long-run in both countries (here, we find similar results as with the
VAR model for the US during the upturns and the UK in both regimes). Indeed, it is
positively correlated with the output gap (the coefficients are significant and positive),
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implying that the central bank is responding to the positive (negative) gap by raising
(lowering) rates. For the Eurozone, the interest rate reacts to the output gap in the short
term (the coefficient is negative), and to the inflation gap in the long term (the coefficient
is positive). This negative correlation can be explained by the fact that the main objective
of monetary policy is to stabilising prices and not output. The shadow rate reacts to the
output gap in the long-run in the US and UK (here, we find similar results as with the
VAR model for the US during the upturns and the UK in both regimes). Indeed, it is
positively correlated with the output gap (the coefficients are significant and positive),
implying that the central bank is responding to the positive (negative) gap by raising
(lowering) rates.

In addition to the standard monetary policy objectives (inflation and output gaps),
some other variables influence the shadow rate. In the short-run, the latter is negatively
correlated with the increase in vulnerability to corporate debt in the UK and the Eurozone
(statistically significant and negative coefficients of the debt variable debt2 ), whereas for
the US, the correlation is positive in the long-run (its coefficient is significant and posi-
tive). In the long-run, an interesting result concerns the long-term effect of the following
transition variables on the shadow rate for the Eurozone. The shadow rate is positively
correlated with the increase in vulnerability to household debt (its coefficient is signifi-
cant and positive) and negatively correlated with the increase in borrower leverage (its
coefficient is significant and negative). Unlike Japan, the fall in interest rates in the Euro-
zone and the UK shows that there is a willingness not only to reduce private sector debt
but also to stimulate economic growth via the output gap and the inflation gap. In the
US, the interest rate cuts are related to a desire to reduce corporate debt and, stimulate
growth by closing the output gap. In other words, the monetary policy framework in the
US with respect to interest rate have been mostly centered around stabilizing the output
instead of chasing primarily inflation.
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Table 11: Estimation results. ARDL model: United States

ECM Regression
Variable Coef. Pvalue
∆Int.Rate(−1) 0.35∗∗∗ 0.000

(0.058)

∆Debt1(−1) -0.02 0.178
(0.015)

CointEq(-1) -0.03∗∗∗ 0.000
(0.006)

Levels Equation
Variable Coef. Pvalue
Infl. gap -2.36 0.227

(1.951)

Output gap 1.65∗∗∗ 0.039
(0.792)

Debt1 0.23 0.504
(0.342)

Debt2 1.07∗∗∗ 0.018
(0.452)

Borrowing -0.97 0.484
(1.387)

Constant -0.097 0.875
(0.618)

R2 0.99211
DW 1.96

Note : coefficients and standard errors. ∗∗∗,∗∗,∗: significance at 10%, 5%, 1%.
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Table 12: Estimation results. ARDL model: Eurozone

ECM Regression
Variable Coef. Pvalue
∆Int.Rate(−1) 0.58∗∗∗ 0.000

(0.0637)

∆Int.Rate(−2) -0.016∗∗∗ 0.009
(0.062)

∆Outputgap -0.073∗∗∗ 0.000
(0.017)

∆Debt2 -0.073∗∗∗ 0.0012
(0.022)

∆Debt2(−1) -0.053∗∗∗ 0.0188
(0.022)

CointEq(-1) -0.044∗∗∗ 0.000
(0.008)

Levels Equation
Variable Coef. Pvalue
Infl. gap 3.84∗∗∗ 0.000

(0.735)

Output gap 0.050 0.3787
(0.057)

Debt1 0.573∗∗∗ 0.0141
(0.231)

Debt2 -0.179 0.2565
(0.158)

Borrowing -0.010∗ 0.0897
(0.006)

Constant 0.306 0.5843
(0.559)

R2 0.9964
DW 1.96

Note : coefficients and standard errors. ∗∗∗,∗∗,∗: significance at 10%, 5%, 1%.
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Table 13: Estimation results. ARDL model: United Kingdom

ECM Regression
Variable Coef. Pvalue
∆Int.Rate(−1) 0.628∗∗∗ 0.0000

(0.063)

∆Int.Rate(−2) -0.238∗∗∗ 0.0001
(0.061)

∆Infl.gap 0.012∗∗ 0.057
(0.006)

∆Debt1 -0.085∗∗∗ 0.0297
(0.039)

∆Debt2 -0.065∗∗∗ 0.006
(0.023)

∆Debt2(−1) -0.058∗∗∗ 0.014
(0.023)

CointEq(-1) -0.040∗∗∗ 0.0000
(0.009)

Levels Equation
Variable Coef. Pvalue
Infl. gap -0.019∗∗∗ 0.021

(0.008)

Cycle. IP 0.277∗∗∗ 0.005
(0.097)

Debt1 0.609∗∗∗ 0.0025
(0.199)

Debt2 -0.213 0.410
(0.259)

Borrowing 0.262 0.794
(1.001)

Constant 0.315 0.574
(0.559)

R2 0.9919
DW 1.98

Note : coefficients and standard errors. ∗∗∗,∗∗,∗: significance at 10%, 5%, 1%.
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Figure 15: Residuals of the Interest
rate Equation: United States

Figure 16: Residuals of the Inter-
est rate Equation: Eurozone

Figure 17: Residuals of the Interest
rate Equation: United Kingdom

Tables 14, 15 and 16 present the estimation of the single equation Markov switching
model (Equation 3). Figures 19, 18 and 20 show that regimes 1 and 2 correspond to the
turning points of the financial cycle. In the Eurozone, regime 1 describes troughs, while
regime 2 refers to peaks as for the Japanese case. On the contrary, in the United States
and the United Kingdom, regime 1 corresponds to the transition between the bullish and
bearish phases of the cycle, and regime 2 refers to troughs .

First, in the US and UK, the interest rate has a positive impact on the financial cycle
in regime 1, and in the Eurozone in regime 2. This "persistent" effect is reversed over time:
at time t − 1, the fall in the interest rate favours the bullish phases of the financial cycle
and then we move to a bearish phase at time t. Therefore, one month must pass before
monetary policy can be expected to counteract the bullish phases. But it also means that
by raising the interest rate, the central bank could feed the increases in prices and asset
values at time t. Moreover, in the UK, the influence of the interest rate in regime 2 is
both positive and negative. This result suggests that during downward phases, the central
bank can stop a bullish phase by lowering the interest rate or favours the onset of upturns
in the financial cycle after downturns by raising the interest rate. A positive sign indicates
that monetary authorities in the UK had a "lean against the wind" policy during bullish
and bearish phases. On the contrary, the Eurozone and the US had a "lean against the
wind" policy at the high points of the financial cycle as in the Japanese case. Such results
highlight similarities in terms of monetary policy behaviour towards the financial cycle
between Japan, the Eurozone and the US on the one hand, and with the UK on the other.
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Second, in the US, the coefficient of the variable Borrowing is significantly positive
and negative in both regimes. This finding implies that greater risk-taking by borrowers
can either prevent downward reversals or fuels bullish phases as the coefficient in regime
2 is significantly stronger (the coefficient is positive and equal to 0.0021). In the UK,
the variable Borrowing has a negative impact on the financial cycle in regime 2. This
"persistent" effect is reversed over time: one month must pass before the increase of risk-
taking behaviour can be expected to counteract the bullish phases of the financial cycle.
Furthermore, the effect is stronger during the upturns (regime 1) where the coefficient is
negative at t − 1, which confirms the above explanation, and the same case applies for
the Eurozone (the coefficient is negative at t − 1 in regime 1).

Third, another interesting result concerns the variables that influence the transition
from bullish to bearish phases: the VIX, household debt (debt1 ) and corporate debt
(debt2 ). In comparison with Japan, there are some differences. First, The VIX is signif-
icant and positive in regime 1 in the US, while it is significant and negative in regime 2
in Japan and in the Eurozone. This difference implies that the VIX favours the bullish
phases as a result of a panic in the US markets. Second, higher household indebtedness
(therefore a rise in consumption) may actually lead to higher growth and can be viewed
as a reflection of a build-up of financial imbalances (the coefficient is positive in the US
in regime 1 and in the Eurozone in regime 2). However, this is not the case in Japan as
debt is mostly held by Japanese residents, which explains the heterogeneous conclusions.
Third, corporate debt at least prevents bubbles from bursting in the US and the UK
(the coefficient is significant and negative), which is the opposite case in Japan. On the
contrary, an increase in the vulnerability to corporate debt triggers the transition from a
bearish to a bullish phase in the UK (the coefficient is positive in regime 2).
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Table 14: Estimation results. Markov-switching model: United States

Regime 1 Regime 2
Fin.cycle Fin. cycle

Fin. cycle(-1) 0.99∗∗∗ 1.03∗∗∗

(0.004) (0.014)

Int. Rate 0.036∗∗∗ 0.002
(0.007) (0.038)

Int. Rate(-1) -0.037∗∗∗ -0.004
(0.006) (0.035)

VIX 0.0002 ∗∗∗ 0.0003
(6.18E-05) (0.0007)

VIX(-1) 2.13E-05 0.0003
(6.20E-05) (0.0007)

Borrowing 0.0001∗∗∗ 0.0021∗∗∗

(2.70E-05) (0.0007)

Borrowing(-1) -0.0002∗∗∗ -0.002∗∗∗

(3.16E-05) (0.0007)

Debt1 0.002∗∗∗ -0.0003
(0.0004) (0.002)

Debt1(-1) 0.0004 0.0008
(0.0004) (0.002)

Debt2 -0.002∗ -0.003
(0.001) (0.007)

Debt2(-1) -0.0015 -0.006
(0.001) (0.007)
Transition Matrix Parameters

Variable Coef. Pvalue Coef. Pvalue
p_11t p_21t
Fin.cycle(-1) -0.366 0.9177 Fin.cycle(-1) -3.866∗ 0.0958

Note : coefficients and standard errors. ∗∗∗,∗∗,∗: significance at 10%, 5%, 1%.
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Table 15: Estimation results. Markov-switching model: Eurozone

Regime 1 Regime 2
Fin.cycle Fin. cycle

Fin. cycle(-1) 0.9899∗∗∗ 1.001∗∗∗

(0.004) (0.005)

Int. Rate -0.020 -0.014∗∗∗

(0.033) (0.002)

Int. Rate(-1) 0.014 0.012∗∗∗

(0.034) (0.002)

VIX 4.93E-05 -0.0002∗∗∗

(9.33E-05) (8.89E-05)

VIX(-1) 2.44E-05 -8.16E-05
(5.93E-05) (0.000)

Borrowing -0.0002∗ 5.49E-05
(0.000) (6.47E-05)

Borrowing(-1) 0.0002 -7.33E-05
(0.000) (5.77E-05)

Debt1 -0.002 0.0005
(0.004) (0.002)

Debt1(-1) 0.0027 0.003∗

(0.002) (0.002)

Debt2 0.001 0.0009
(0.0013) (0.0006)

Debt2(-1) -0.002 -0.001
(0.001) (0.001)
Transition Matrix Parameters

Variable Coef. Pvalue Coef. Pvalue
p_11t p_21t
Fin.cycle(-1) 2.719 0.832 Fin.cycle(-1) 3.364∗ 0.063

Note : coefficients and standard errors. ∗∗∗,∗∗,∗: significance at 10%, 5%, 1%.
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Table 16: Estimation results. Markov-switching model: United Kingdom

Regime 1 Regime 2
Fin.cycle Fin. cycle

Fin. cycle(-1) 1.107∗∗∗ 1.014∗∗∗

(0.011) (0.012)

Int. Rate 0.001∗∗∗ 0.0003∗∗∗

(0.0001) (4.62E-05)

Int. Rate(-1) -0.002379∗∗∗ -0.002047∗∗∗

(0.0006) (0.0002)

VIX 5.04E-05 5.27E-05
(0.0001) (9.55E-05)

VIX(-1) 5.65E-05 0.0001
(0.0001) (0.000)

Borrowing 0.005 -0.027∗∗∗

(0.010) (0.005)

Borrowing(-1) -0.0197∗∗ 0.027∗∗∗

(0.0103) (0.004)

Debt1 -0.001 0.0003
(0.001) (0.0006)

Debt1(-1) -0.0001 -0.0007
(0.002) (0.001)

Debt2 -1.25E-05 0.0005∗∗∗

(0.0005) (0.000)

Debt2(-1) -0.001∗∗∗ 2.25E-05
(0.001) (0.000)
Transition Matrix Parameters

Variable Coef. Pvalue Coef. Pvalue
p_11t p_21t
Fin.cycle(-1) 9.348 0.139 Fin.cycle(-1) 4.834 0.490

Note : coefficients and standard errors. ∗∗∗,∗∗,∗: significance at 10%, 5%, 1%.
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Figure 18: Regimes in the alternative model: United States
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Figure 19: Regimes in the alternative model: Eurozone
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Figure 20: Regimes in the alternative model: United Kingdom

6 Robustness checks

6.1 Robustness: the financial cycle’s response to monetary pol-
icy

We conduct robustness checks estimating two standard VAR(1) models with the 4 endoge-
nous variables. Particularly, the global financial crisis is used as a cut-off point. Thus,
we divided the study period into two subsamples as pre-crisis (1999-2008) and post-crisis
(2009-2019), changing the interest rate variable used. In the first sub-period, we use the
policy rate. And for the second sub-period, we use the shadow rate. This approach allows
us to see whether the financial cycle’s responses to monetary policy were similar before
and after the adoption of quantitative easing policies. Results are reported in Tables
(27), (28), (29) and (29) in Appendix (A.3). It has been shown that the responses of the
financial cycle to monetary policy were similar in Japan and the Eurozone for the two
subsamples. This result suggests that both conventional and unconventional monetary
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policies can fuel the upward phase of the financial cycle. On the contrary, in both the
US and UK, the interest rate did not have a significant effect on financial prices in the
pre-crisis period, whereas the shadow rate did have a significant negative impact in the
post-crisis period. This implies that quantitative easing policies can fuel bullish phases.
In a complementary approach, the MS-VAR model (see Tables (7) to (16) and Table (23)
in Appendix (A.3)) allows us to see whether financial cycle responses to monetary policy
change as a function of structural factors (transition variables). For the case of Japan
and the Eurozone, the reaction is similar. It can be added that some variables play an
important role in regime transition. For instance, in Japan, corporate and household debt
as well as borrowing risks influence the transition between regimes. For the US and UK,
transition variables played an important role in slowing down the upward phases of the
financial cycle (see Table (24) and (23) for details).

6.2 Robustness: choosing several indicators of the financial cy-
cle

So far, we have extracted the financial cycle by applying a Christiano-Fitzgerald filter
to the asset price series. A drawback is the pre-selection of frequencies, while the work
of the BIS has shown that the financial cycle has variable durations: short cycles and
long cycles. As a robustness issue, we study the effects on our estimates of other cycle
extraction methods. To do so, we exploit the properties of the data in the frequency
domain and see how the new indicators affect the estimation of the MS-VAR model. As
an illustration, we consider the Japanese case.

We take as a starting series the average of the price indexes of real estate, equity and
the credit cycle. We first represent the spectral density (see Figure 21). The graph shows
two peaks near zero, suggesting the presence of long cycles in the original series.

Figure 21: Spectral density of financial prices

We model the series as a GARMA process (Gegenbauer ARMA):

Πk
i=1(1 − 2uiB + B2)diΦ(B)(1 − B)id(xt − µ) = θ(B)ϵt, (5)

where
ϵt is a random iid process,

47



Φ(B), Θ(B) are short-memory AR(p) and MA(q) processes,
(1 − 2uiB + B2)di is the long-memory Gegenbauer components (there can be k of them),
xt is the observed time series,
id is the degree of integer differencing,
di is the long-memory parameter.

Using the Whittle estimator to estimate a 2-factor GARMA(1,1) process, we obtain
the results in Table 17.
The estimated coefficients are significantly different from zero. The long-term component
shows two cycles corresponding to a duration of 35 years (421/12) and a cycle of average
duration of 7 years (83.3/12), close to the business cycle duration of 8 years. Shorter cycles
are captured by the ARMA component. Figure 22 shows that the long-term component
is not necessarily a deterministic trend, but correspond to long waves.

Table 17: Estimation of a 2-factor GARMA(1,1) process of the financial cycle : Japan

Intercept u1 u2 u3 d2 AR(1) MA(1)
1.177e+00 9.999e-01 0.495477 0.9971592 0.423886 -0.088037 -1.051
2.245e-07 8.001e-05 0.008845 0.0009068 0.008091 0.002119 na
Gegenbauer frequency

Factor 1 Factor2
0.0024 0.0120

Gegenbauer period
Factor 1 Factor2
421.6120 83.3376

Figure 22: Graph of the long-run component of the GARMA(1,1) process

Figure 23 shows the spectral density of the series filtered from the long-run compo-
nent. Some peaks are evidenced at high frequencies (away from zero), which suggests the
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presence of short cycles. Short-term cyclical components are not easily detectable from
ARMA models due to noise. We therefore use a wavelet decomposition in the frequency
domain. This approach is more accurate than the first approximation decomposition
obtained in the time domain.

Figure 23: Graph of the long-run component of the GARMA(1,1) process

Wavelet analysis is more general than Fourier-based transform and allows multiple
time scale analysis. We perform a multi-resolution decomposition by applying J-level
wavelet filters to the series of financial prices where J = {1, ..., 9} (Mallat decomposition).
Low values of J capture high frequency components (short-term), while as J increases the
decomposition filter low-frequency components (long-term). Figure 24 shows cycles of
different lengths depending on the value of J (as an example, we have selected the graphs
corresponding to J = {1, 4, 5, 7, 8}).
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Figure 24: Wavelet Decomposition

For J=8, we observe long fluctuations with a modification of their duration in time. For
J=7 we see other quasi-periodic fluctuations of shorter length. For J = {4, 5}, we observe
quasi-periodic fluctuations of much shorter length corresponding to short-term variations.

The VAR model is re-estimated with this new variable. Tables (31), (32), (33) and
(34) are reported in Appendix A.3. The estimates show several interesting results. First,
in the interest rate equation, the coefficient of the components J4, J5, J8 that refers
to the varying lengths of the financial cycle is positive and significant in both regimes
(around 1). This result is similar to the VAR model in Table (5). Second, when we
consider long fluctuations of the financial cycle (J = 7 and J = 8), explanatory variables
of the transition function do not influence the transition between regimes. In Table
(31), corporate debt and lending risk behavior increase the probability of remaining in
bearish phases (the coefficients in the transition function p11t are positive and significant
as in Table (5) for the variable Lending). Moreover, lending risk behavior increases
the probability of moving from bullish to bearish phases (the coefficient of the variable
Lending in the transition function p21t is positive and significant). On the contrary,
household debt increases the probability of remaining in bullish phases (the coefficient
is negative and statistically negative). In Table (32), borrowing risks and household
debt increase the probability of remaining in bullish phases (the coefficient is negative
and significant), whereas corporate debt increases the probability of switching from a
bullish to a bearish phase (the coefficient is positive and significant). Finally, in the
financial cycle length equation, we notice that the coefficients of the shadow rate are very
different from a regression to another, meaning that the effect of the shadow rate on the
financial cycle varies depending on the length of the cycle. However, when we look at the
regimes identified by the transition variables (see Tables (36), (37), (38), (39) and (40)),
the coefficients are very similar and are closer to those found in Table (5). Indeed, the
coefficient of the interest rate in the financial cycle equation is around 0.09 in Regime 1
and 0.14 in Regime 2. Moreover, the financial cycle is positively correlated to the shadow
rate in both regimes, and the coefficient of the financial cycle in the interest rate equation
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is around 1. Besides, the shadow rate does not react to either the output gap or the
inflation gap as in Table (5). These results show strong consistency with the baseline
findings.

7 Conclusion
This paper investigates the macroprudential dimension of monetary policies for purpose
of stabilizing the financial cycle during the years since 2000 by proposing an empirical
framework of regime switching models for the four majour central banks in the world.
This modelling allows to capture the differential effects of monetary policy during bullish
and bearish phases of the financial cycle. In other words, the objective is to see whether
central banks have searched to influence the upward and downward phases. First, we have
defined the shadow rate - indicator of the stance of monetary policy - as one of several
explanatory variables influencing the financial cycle. Second, we have included financial
variables in the CB’s monetary policy rule in addition to the output gap and the inflation
gap, and thus allowed for a heterogeneous response of central banks’ monetary policy
rates to financial stability.

We find that all central banks had a "lean against the wind" policy in bullish phases,
thus highlighting the significant role of monetary policy in preventing financial imbalances
after the GFC. On the one hand, the BoJ and the ECB can counter an increase in asset
prices by raising interest rates. This also means that accommodative monetary policies can
fuel credit booms and busts. This evidence is consistent with the idea that unconventional
monetary policy has made the occurrence of financial bubbles more likely by feeding the
upside of the financial cycle. On the other hand, the Fed and the BoE can stop the
upward phases by lowering interest rates or feed the increases in prices and asset values
by raising rates. An interesting result concerns the behaviour of the BoE towards the
financial cycle. Indeed, in comparison with the other central banks, our estimations show
that the UK had a "lean against the wind" policy in the upward and downward phases
of the financial cycle, which is consistent with the legal mandate of the central bank. To
conclude, our results allow us to classify central banks into two categories: Japan, the US
and the Eurozone had a "lean against the wind" policy during bullish phases, and on the
contrary a "clean up the busts afterwards" strategy during bearish phases of the cycle.
The BoE is the only one to adopt a "lean against the wind" policy during both phases of
the financial cycle.

Overall, it will be interesting to compare augmented Taylor rules with the standard
ones that do not integrate financial stability. The objective of this work is to see how
effectively monetary policy can influence the financial cycle. Will there be a change in the
behaviour of central banks? Will the main focus of monetary policy revert to traditional
inflation and output gap objectives?
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Table 18: Overview of Current Institutional and Regulatory Frameworks in Selected Central Banks

Statutory Framework Regulatory Framework
Legal mandate FSR publication Regulatory responsability Macro-prudential policy

Bank of Japan
(BoJ)

The Act sets the Bank’s objectives
"to issue banknotes and to carry out
currency and monetary control" and
"to ensure smooth settlement of funds
among banks and other financial in-
stitutions, thereby contributing to the
maintenance of stability of the finan-
cial system."

The BoJ has been producing a FSR
twice a year since 2005.

A supporting view: Macroprudential policy
is mainly under the supervision of the FSA and
the BoJ (notably, the Financial System and
Bank Examination department). The Finan-
cial Services Agency (FSA) serves as a banking
regulator and is responsible for the stability of
Japan’s financial system. The BoJ and FSA
have held meetings of the Council for Cooper-
ation on Financial Stability (CCFS) since 2014
to exchange views on the current situation of
the financial system and the market. In April
2021 was held the fourteenth meeting of the
CCFS.

According to Article 1 of the BoJ Act,
the BoJ considers the macroprudential
effects of its monetary policy by exam-
ining risks (e.g. domestic credit risk
and securities investment risk) and as-
sessing the robustness of the financial
system (e.g through stress testing)

U.S. Federal
Reserve

"to promote maximum employment,
stable prices, and moderate long-term
interest rates...promotes the stability
of the financial system and seeks to
minimize and contain systemic risks
through active monitoring and engage-
ment in the U.S. and abroad."

Annual reports are published by the
FSOC since 2011.

Shared: In 2010, the United States created a
Financial Stability Oversight Council (FSOC)
under the supervision the Treasury secretary
and is independent from the Fed (Dodd-Franck
Act). The regulatory responsability is shared
with the Office of the Comptroller of the Cur-
rency (OCC), the Federal Deposit Insurance
Corporation (FDIC), and the Office of Thrift
Supervision (OTS), etc.

The FSOC provides comprehensive
monitoring of the stability of the finan-
cial system. The council is composed
by 10 voting members (including the
Federal Reserve Chair) and 5 nonvot-
ing members.

European
Central Bank
(ECB)

"To maintain price stability is the pri-
mary objective..." "The ECB carries
out specific tasks in the areas of bank-
ing supervision, banknotes, statistics,
macroprudential policy and financial
stability as well as international and
European cooperation".

Semi-annual since 2004.

Shared: with national central banks of the
Eurosystem and the European System of Cen-
tral Banks. "The signe supervisory mecha-
nism (SSM) Regulation assigns macropruden-
tial powers to both the national authorities
and the ECB, so responsibility for macropru-
dential policies is shared (Article 5)." The Fi-
nancial Stability Committee (ESCB) was cre-
ated in 2010 with a mandate to build a "risk
dashboard", conduct stress tests, issue warn-
ings and make recommendations, without hav-
ing any decision-making power in terms of
macroprudential policy.

Macroprudential policy is conducted
by macroprudential authorities (in-
cluding central banks and bank-
ing supervisors). The tool kit in-
cludes capital-based, borrower-based
and liquidity-based measures. The
Governing Council of the ECB is re-
sponsible for taking macroprudential
decisions

Bank of Eng-
land (BoE)

"To maintain price stability, and sub-
ject to that, to support the... ob-
jectives for growth and employment."
"The Bank’s Financial Stability Objec-
tive, under the Act, is to protect and
enhance the stability of the financial
system of the United Kingdom."

The FSR is published twice year since
2006.

Lean against the wind view: The Financial
Policy Committee (FPC) and the Prudential
Regulation Authority (PRA)

The FPC’s tool kit includes recom-
mendations to reduce financial stabil-
ity risks, actions on policy tools, as well
as the design and the calibration of the
Bank’s stress testing framework. The
main tools: sectoral capital require-
ments, countercyclical capital buffer
rate and leverage ratio requirement for
UK firms, LTV and debt-to-income
limits and interest cover ratio limits for
UK mortgages.

Note: Sources: Central bank websites, acts and official documents.
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Table 19: Objectives and instruments of monetary and macroprudential policy

Monetary policy Macroprudential policy
Objectives Instruments Objectives Instruments

Bank of Japan
(BoJ) To maintain price stability Money market operations To preserve financial stability

Tools that monitor systemic risk (a restriction
on the loan-to-value (LTV) ratio for real estate
loans and the countercyclical capital buffer in
the Basel III capital adequacy requirements to
be introduced in 2013)

U.S Federal
Reserve

To promote maximum employ-
ment, stable prices and moder-
ate long-term interest rates.

• Open market opera-
tions

• The discount rate

• Reserve requirements

To build financial resilience
and mitigate financial vulner-
abilities

Tools to build resilience (capital and liquidity
requirements) and; Tools for addressing cycli-
cal vulnerabilities (the countercyclical capital
buffer (CCyB), the CCAR stress tests, bank
supervisory guidance, and changes to margin
requirements).

European
Central Bank
(ECB)

To maintain price stability

• Open market opera-
tions

• Standing facilities

• Minimum reserve re-
quirements for credit
institutions

Since 2009, the ECB has
included asset purchase pro-
grammes (APP) and recently
the pandemic emergency pur-
chase programme (PEPP).

To preserve financial stability

capital-based, borrower-based and liquidity-
based measures. For example, capital buffers
for global and other systemically important
institutions, the liquidity coverage ratio and
the net stable funding ratio. National author-
ities and the ECB can impose countercyclical
buffers to counter the cyclical build-up of sys-
temic risks and borrower-based measures that
restrict lending, namely for mortgages, at the
level of the individual borrower.

Bank of Eng-
land (BoE) To maintain price stability

• The Bank Rate

• Asset purchase or
quantitative easing
(QE)

To ensure the financial system
supports the economy.

Countercyclical capital buffer rate, Sectoral
capital requirements, Leverage ratio require-
ment for UK firms, LTV and debt-to-income
limits and interest cover ratio limits for UK
mortgages.

Note: Sources: Central bank websites, acts and official documents.
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A.2 Summary tables of policy implications
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Table 20: Summary tables and figures of the resulting policy implications: VAR model

Japan Eurozone United States United Kingdom
The effect on the shadow rate (bearish) (bullish) (bearish) (bullish) (bullish) (bearish) (bullish) (bearish)
Output gap – – (+) (+) (+) (-) – –

Inflation gap – – – – – – (-) –

Financial cycle (+) (+) (+) (+) (-) (+) (+) (+)

The effect on the financial cycle

Shadow rate (+) (+) (+) (+) (-) (-) (+) (-)

Note: This table summarizes the results obtained from tables 5, 9, 8 and 10. The positive sign of
the financial cycle and the shadow rate in the interest rate and the financial cycle equations is a puzzle. We
therefore propose new results based on an alternative specification to account for potential variables explaining
the financial cycle.
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Table 21: Summary tables and figures of the resulting policy implications: VAR model (transitions)

Japan Eurozone United States United Kingdom
Transition variables (bearish) (bullish) (bearish) (bullish) (bullish) (bearish) (bullish) (bearish)
debt1 – – (-) – – – – –

debt2 – – – – – – – –

VIX – – (+) – – – – –

Borrowing (-) – – – – – – –

Lending (+) – – – – – – (+)
Unconventional monetary policy BoJ BCE Fed BOE
Shadow rate Yes Yes No Yes

Note: This table summarizes the results obtained from tables 5, 9, 8 and 10 and from figures 2, 10, 9
and 11. This table presents (i) the sign coefficients of transition variables that explain the transition between
different regimes and (ii) the effect of an interest cut on the probability of moving from a bearish to a bullish
regime. Here the notation "Yes" means that accommodative monetary policies have fueled the upward phases
of the financial cycle. In other words, they have influenced the transition from bearish to bullish phases.
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Table 22: Summary tables and figures of the resulting policy implications: the ARDL model

Japan Eurozone United States United Kingdom
Shadow rate (SR) (LR) (SR) (LR) (SR) (LR) (SR) (LR)
Output gap – – (-) – – (+) – (+)

Inflation gap – – – (+) – – (+) (-)

debt1 (+) – – (+) – – (-) (+)

debt2 – – (-) – – (+) (-) –

Borrowing (+) – – (-) – – – –

Note: This table shows the results of the estimation of the interest rate equation (Equation 4) in Japan,
the United States, the Eurozone and United Kingdom. This table summarizes the results from tables 6, 44, 12
and 13 and in figures 4, 15, 16 and 17. SR refers to the short-run relationship. LR corresponds to the long-run
relationship.
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Table 23: Summary tables and figures of the resulting policy implications: the MS model

Japan Eurozone United States United Kingdom
Financial cycle (bearish) (bullish) (bearish) (bullish) (bullish) (bearish) (bullish) (bearish)
Shadow rate – (-) – (+)(-) (-)(+) – (-) (+) (-) (+)

debt1 (-) (-) – (+) (+) – – –

debt2 (+) – – – (-) – (-) (+)

VIX – (-) – (-) (+) – – –

Borrowing – (+) (-) – (-)(+) (-)(+) (-) (+)(-)

Note: This table shows the results of the estimation of the single equation Markov switching model
(Equation 3) in Japan, the United States, the Eurozone and United Kingdom This table summarizes the
results from tables 7, 14, 15 and 16 Here, the interpretation behind ”(−)(+)” (”(+)(−)”), either in in bearish
or bullish phases, means that the effect on the financial cycle is negative (positive) at t − 1 and positive
(negative) at t.
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Table 24: Main results

Japan and Eurozone US and UK
Regimes Bearish Bullish Bullish Bearish
Lean againt the wind No Yes Yes Yes only for UK
interest rate decrease – fuel stop –
interest rate increase – stop fuel –
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A.3 Robustness checks
A.3.1 Unit root and stationarity tests for the data series

The time series (before extracting the cycle) of the private debt sector, the equity price
and the real estate price over the study period for all countries are shown in Figure (25).

(a) Japan (b) Eurozone

(c) United States (d) United Kingdom

Figure 25: Plot of financial time series before extracting the cycle

Tables (25) and (45) present unit roots and stationarity tests for the data series. This
study employs a data analysis by using a Kwiatkowski et al. test (see Kwiatkowski et al.
(1992)).
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Table 25: Unit root and stationarity tests: the components of the financial cycle

KPSS-Test
Level First Diff.

Debt to the private sector
Japan 0.2382∗∗ –
Eurozone 0.3041 0.0462∗∗

United States 1.6456 0.3692∗∗

United Kingdom 1.4275 0.0566
Equity price
Japan 0.7056∗ 0.1373∗∗

Eurozone 0.4000∗∗ –
United States 1.2003 0.4581∗∗

United Kingdom 0.2769∗∗ –
Real estate price
Japan 0.6244∗ 0.1073∗∗

Eurozone 0.3628 0.0446∗∗

United States 0.2137∗∗ –
United Kingdom 0.2517 0.0984∗∗

Null hypothesis for KPSS test; H0=series is stationary. ⋆⋆ indicates 5% significance
level.

Table 26: Unit root and stationarity tests: the endogenous variables

KPSS-Test
Level First Diff.

Inflation gap
Japan 0.0458∗∗ –
Eurozone 1.3340 0.3735∗∗

United States 1.2682 0.0810∗∗

United Kingdom 0.3988∗∗ –
Output gap
Japan 0.0353∗∗ –
Eurozone 0.1775∗∗ –
United States 0.0392∗∗ –
United Kingdom 0.1579∗∗ –
Financial cycle
Japan 0.1403∗∗ –
Eurozone 0.2151∗∗ –
United States 0.1458∗∗

United Kingdom 0.1658∗∗ –
Shadow rate
Japan 1.4376 0.1873∗∗

Eurozone 0.2717 0.0348∗∗

United States 0.8079 0.0903∗∗

United Kingdom 1.2977 0.1066∗∗

Null hypothesis for KPSS test; H0=series is stationary. ⋆⋆ indicates 5% significance
level.
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A.3.2 VAR(1) models - subsamples

Table 27: Robustness check. VAR model: Japan

1999-2008 2009-2019
Fin. cycle Int. Rate Outgap Infl. gap Fin. cycle Int. Rate Outgap Infl. gap

Fin. cycle(-1) -0.94∗∗∗ 0.00017∗∗∗ 0.007∗∗∗ 0.007∗∗∗ 1.03∗∗∗ 0.0097∗∗∗ -0.0104∗∗∗ -0.01∗∗∗

(0.01182) (0.00046) (0.0013) (0.001) (0.01389) (0.0021) (0.00228) (0.002)

Int. Rate(-1) -3.518∗∗∗ 0.866∗∗∗ -0.67∗∗∗ -0.67∗∗∗ -0.228∗∗∗ 1.0013 ∗∗∗ 0.000263 0.0002
(0.828) (0.0325) (0.091) (0.09) (0.054) (0.008) (0.029) (0.029)

Outgap(-1) 0.661∗∗ 0.045∗∗∗ 1.15∗∗∗ 0.15∗∗∗ -0.262 -0.059∗∗ 1.03∗∗∗ 0.03
(0.304) (0.0119) (0.033) (0.03) (0.19) (0.02) (0.03) (0.03)

Infl. gap(-1) -0.183 -0.014∗∗∗ -0.067∗∗∗ 0.93∗∗∗ 0.21∗ 0.026 -0.014 0.985∗∗∗

(0.12) (0.0048) (0.013) (0.0136) (0.12) (0.019) (0.02) (0.02)
R-squared 0.981888 R-squared 0.976250

Note: coefficients and standard errors. *,**,***: significance at 10%, 5%, 1%.

Table 28: Robustness check. VAR model: Eurozone

1999-2008 2009-2019
Fin. cycle Int. Rate Outgap Infl. gap Fin. cycle Int. Rate Outgap Infl. gap

Fin. cycle(-1) 1.061∗∗∗ 1.092∗∗∗ -0.146 0.053∗∗ 1.002∗∗∗ -0.022 1.30∗∗∗ 0.015
(0.0217) (0.212) (2.25) (0.025) (0.0002) (0.132) (0.326) (0.011)

Int. Rate(-1) -0.008∗∗∗ 0.85∗∗∗ 0.29 -0.004∗∗∗ -0.0005∗∗∗ 0.958∗∗∗ -0.215∗∗∗ -0.0098∗∗∗

(0.002) (0.023) (0.249) (0.002) (0.000) (0.016) (0.04) (0.001)

Outgap(-1) -0.0002 -0.0016 0.894∗∗∗ 0.00078∗∗ 0.0002∗∗∗ -0.0115∗∗∗ 1.062∗∗∗ -0.003∗∗∗

(0.000) (0.000) (0.035) (0.000) (0.000) (0.003) (0.0088) (0.000)

Infl. gap(-1) -0.019∗∗∗ 0.236∗∗∗ -4.94∗∗∗ 0.97∗∗∗ -0.0004 0.214∗∗∗ 0.803∗∗∗ 1.04∗∗∗

(0.006) (0.06) (0.686) (0.007) (0.001) (0.071) (0.0062) (0.176)
R-squared 0.981752 R-squared 0.993810

Note: coefficients and standard errors. *,**,***: significance at 10%, 5%, 1%.
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Table 29: Robustness check. VAR model: United States

1999-2008 2009-2019
Fin. cycle Int. Rate Outgap Infl. gap Fin. cycle Int. Rate Outgap Infl. gap

Fin. cycle(-1) 0.983∗∗∗ 0.527∗∗∗ -0.101 0.028∗ 1.061∗∗∗ 1.092∗∗∗ -0.146 0.05∗∗

(0.017) (0.119) (0.088) (0.015) (0.02) (0.212) (2.25) (0.025)

Int. Rate(-1) -0.002 0.922∗∗∗ -0.013 -0.009∗∗∗ -0.008∗∗∗ 0.850∗∗∗ 0.294 -0.004∗

(0.0018) (0.012) (0.009) (0.0016) (0.002) (0.023) (0.002) (0.249)

Outgap(-1) 0.008∗∗∗ 0.078∗∗∗ 1.019∗∗∗ 0.017∗∗∗ -0.000 -0.001 0.894∗∗∗ 0.000∗∗

(0.002) (0.019) (0.014) (0.002) (0.000) (0.0033) (0.035) (0.000)

Infl. gap(-1) 0.0082 0.275∗∗∗ 0.034∗∗∗ 1.031 -0.019∗∗∗ 0.236∗∗∗ -4.94∗∗∗ 0.976∗∗∗

(0.008) (0.057) (0.042) (0.007) (0.006) (0.06) (0.68) (0.007)
R-squared 0.985076 R-squared 0.981752

Note: coefficients and standard errors. *,**,***: significance at 10%, 5%, 1%.

Table 30: Robustness check. VAR model: United Kingdom

1999-2008 2009-2019
Fin. cycle Int. Rate Outgap Infl. gap Fin. cycle Int. Rate Outgap Infl. gap

Fin. cycle(-1) 0.86∗∗∗ -2.19∗∗∗ -9.72 -0.19 0.81∗∗∗ 5.11∗∗∗ -23.9∗∗∗ -0.93∗∗∗

(0.07) (0.699) (6.404) (0.024) (0.02) (1.95) (3.48) (0.12)

Int. Rate(-1) -0.000 0.989∗∗∗ -0.02 0.004∗∗∗ 0.000 0.975∗∗∗ 0.060∗ 0.008∗∗∗

(0.000) (0.004) (0.04) (0.000) (0.000) (0.018) (0.033) (0.001)

Outgap(-1) 0.0015∗ 0.03∗∗∗ 1.105∗∗∗ 0.0016∗∗∗ 0.0019∗∗∗ -0.034∗∗ 1.250∗∗∗ 0.003∗∗∗

(0.000) (0.008) (0.076) (0.000) (0.000) (0.014) (0.026) (0.000)

Infl. gap(-1) -0.0007 -0.039 -0.178 1.01∗∗∗ -0.000 -0.033 -0.015 0.99∗∗∗

(0.002) (0.02) (0.270) (0.001) (0.000) (0.047) (0.084) (0.002)
R-squared 0.974250 R-squared 0.993078

Note: coefficients and standard errors. *,**,***: significance at 10%, 5%, 1%.
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A.3.3 Robustness analysis : other decompositions of the financial cycle

Table 31: Estimation results. MS-VAR model: Japan - J4

Regime 1 Regime 2
J4 Int. Rate Outgap Infl. gap J4 Int. Rate Outgap Infl. gap

J4(-1) -0.0002∗ 1.01∗∗∗ -0.147∗∗∗ 0.031∗∗∗ -0.0002 0.991∗∗∗ -0.272∗∗∗ -0.057∗∗∗

(0.000) (0.006) (0.032) (0.006) (0.000) (0.007) (0.039) (0.007)

Int. Rate(-1) 0.0003∗∗∗ 0.013∗∗∗ 1.038∗∗∗ -0.009∗∗∗ -0.0002∗∗∗ -0.0016 0.944∗∗∗ 0.0079∗∗∗

(8.6E-05) (0.003) (0.016) (0.003) (7.2E-05) (0.003) (0.013) (0.0027)

Outgap(-1) -0.0007 -0.0787∗∗∗ -0.267∗∗∗ 0.998∗∗∗ -0.0009∗∗ 0.0010 0.0998 0.936∗∗∗

(0.0008) (0.027) (0.135) (0.027) (0.0004) (0.020) (0.114) (0.022)

Infl. gap(-1) -0.003∗∗ -0.138∗∗ -0.305 0.117∗∗ -0.0013 -0.0413 -1.151∗∗∗ -0.294∗∗∗

(0.0015) (0.055) (0.262) (0.054) (0.001) (0.052) (0.266) (0.052)

Constant 0.958∗∗∗ -1.011 4.044 -0.087 1.045∗∗∗ 5.041∗∗∗ 4.290 4.685∗∗∗

(0.026) (1.040) (5.390) (1.022) (0.027) (1.150) (5.796) (0.987)

σ(J4) 2.01E-05∗∗∗ 0.00015∗∗ 0.0019∗∗∗ 0.0003∗∗∗ 2.01E-05∗∗∗ 0.00015∗∗ 0.0019∗∗∗ 0.0003∗∗∗

(2.2E-06) (6.6E-05) (0.0003) (6.1E-05) (2.2E-06) (6.6E-05) (0.0003) (6.1E-05)

σ(int.rate) 0.00015∗∗ 0.0365∗∗∗ 0.0026 -0.005∗∗ 0.00015∗∗ 0.0365∗∗∗ 0.0026 -0.005∗∗

(6.6E-05) (0.00357) (0.01163) (0.00234) (6.6E-05) (0.00357) (0.01163) (0.00234)

σ(outgap) 0.0019∗∗∗ 0.0026 0.785∗∗∗ 0.115 ∗∗∗ 0.0019∗∗∗ 0.0026 0.785∗∗∗ 0.115 ∗∗∗

(0.0003) (0.011) (0.088) (0.014) (0.0003) (0.011) (0.088) (0.014)

σ(infl.gap) 0.0003∗∗∗ -0.0051∗∗ 0.115∗∗∗ 0.032∗∗∗ 0.0003∗∗∗ -0.0051∗∗ 0.115∗∗∗ 0.032∗∗∗

(6.1E-05) (0.002) (0.014) (0.003) (6.1E-05) (0.002) (0.014) (0.003)

Transition Matrix Parameters
Variable Coef. Pvalue Coef. Pvalue
p_11t p_21t
Constant 1.60 0.33 Constant 0.099 0.959
Borrowing(-1) -0.024444 0.1511 Borrowing (-1) -0.017 0.217
VIX(-1) 0.056 0.546 VIX (-1) -0.118 0.252
Debt1(-1) -0.412 0.110 Debt1 (-1) -1.258∗∗∗ 0.0890
Debt2(-1) 0.180∗∗∗ 0.455 Debt2 (-1) 0.451 0.0801
Lending(-1) 0.0312∗∗∗ 0.0443 Lending (-1) 0.0441∗∗∗ 0.0178

Note: coefficients and standard errors. *,**,***: significance at 10%, 5%, 1%.
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Table 32: Estimation results. MS-VAR model: Japan - J5

Regime 1 Regime 2
J5 Int. Rate Outgap Infl. gap J5 Int. Rate Outgap Infl. gap

J5(-1) 0.0015∗∗∗ 1.006∗∗∗ -0.049 0.008 -0.0009∗∗∗ 1.015∗∗∗ -0.177∗∗∗ -0.031∗∗∗

(8.2E-05) (0.009) (0.035) (0.009) (0.000) (0.006) (0.033) (0.007)

Int. Rate(-1) 0.0001∗∗∗ 0.0053∗∗∗ 1.061∗∗∗ -0.005 -6.30E-06 0.0001 0.890∗∗∗ 0.003
(3.2E-05) (0.003) (0.014) (0.003) (4.3E-05) (0.002) (0.014) (0.003)

Outgap(-1) -0.001∗∗∗ 0.023 -0.127 0.962∗∗∗ -0.001∗∗∗ -0.031 0.221∗∗ 0.942∗∗∗

(0.0002) (0.029) (0.109) (0.029) (0.000) (0.020) (0.104) (0.021)

Infl. gap(-1) 0.0039∗∗∗ 0.080 -0.145 -0.021 -0.0070∗∗∗ -0.101∗∗ -0.284 -0.216∗∗∗

(0.000) (0.070) (0.260) (0.070) (0.000) (0.045) (0.230) (0.049)

Constant 1.009∗∗∗ -2.296∗∗ -30.52∗∗∗ 0.825 1.057∗∗∗ 2.01∗∗∗ 25.33∗∗∗ 4.487∗∗∗

(0.008) (1.021) (3.77) (1.01) (0.010) (0.68) (3.455) (0.738)

σ(J5) 2.96E-06∗∗∗ 4.26E-05 0.0008∗∗∗ 0.0002∗∗∗ 6.59E-06∗∗∗ -3.84E-05 0.0002 0.0002∗∗∗

(4.2E-07) (3.6E-05) (0.0001) (4.2E-05) (9.1E-07) (4.1E-05) (0.0002) (4.8E-05)

σ(int.rate) 4.26E-05 0.046∗∗∗ -0.027 0.004 -3.84E-05 0.030∗∗∗ -0.009 -0.005
(3.6E-05) (0.006) (0.016) (0.004) (4.1E-05) (0.003) (0.013) (0.003)

σ(outgap) 0.0008∗∗∗ -0.027 0.600∗∗∗ 0.133∗∗∗ 0.0002 -0.009 0.755∗∗∗ 0.077∗∗∗

(0.0001) (0.016) (0.082) (0.020) (0.0002) (0.013) (0.097) (0.016)

σ(infl.gap) 0.0002∗∗∗ 0.0049 0.133∗∗∗ 0.045∗∗∗ 0.0002∗∗∗ -0.005 0.077∗∗∗ 0.034∗∗∗

(4.2E-05) (0.004) (0.020) (0.006) (4.8E-05) (0.003) (0.016) (0.004)

Transition Matrix Parameters
Variable Coef. Pvalue Coef. Pvalue
p_11t p_21t
Constant 1.28 0.74 Constant -1.006 0.64
Borrowing(-1) -0.0260 0.219 Borrowing (-1) -0.094∗∗∗ 0.0184
VIX(-1) 0.268 0.307 VIX (-1) -0.150 0.227
Debt1(-1) 0.204 0.519 Debt1 (-1) -0.821∗∗∗ 0.031
Debt2(-1) 0.942 0.112 Debt2 (-1) 2.167∗∗∗ 0.018
Lending(-1) -0.015 0.406 Lending (-1) 0.030 0.265

Note: coefficients and standard errors. *,**,***: significance at 10%, 5%, 1%.
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Table 33: Estimation results. MS-VAR model: Japan - J7

Regime 1 Regime 2
J7 Int. Rate Outgap Infl. gap J7 Int. Rate Outgap Infl. gap

J7(-1) 0.990∗∗∗ 0.0500 -7.548∗∗∗ 1.31∗∗ 1.003∗∗∗ -2.117∗∗∗ -4.312 -0.421
(0.005) (0.492) (2.317) (0.523) (0.006) (0.691) (2.945) (0.734)

Int. Rate(-1) -0.0007∗∗∗ 1.009∗∗∗ -0.243∗∗∗ -0.030∗∗ -1.38E-05 0.978∗∗∗ -0.227∗∗∗ -0.007
(9.5E-05) (0.012) (0.058) (0.012) (7.6E-05) (0.011) (0.053) (0.011)

Outgap(-1) -0.0001∗∗∗ 0.0027 0.936∗∗∗ 0.005∗∗ 2.18E-05 0.011∗∗∗ 1.046∗∗∗ -0.003
(2.8E-05) (0.002) (0.013) (0.002) (4.7E-05) (0.003) (0.014) (0.003)

Infl. gap(-1) 0.0003 -0.012 0.250∗∗ 1.017∗∗∗ 0.0001 -0.027 -0.328∗∗∗ 0.946∗∗∗

(0.0002) (0.018) (0.092) (0.020) (0.0002) (0.019) (0.091) (0.022)

Constant -0.0001 -0.103∗∗ -0.705∗∗∗ -0.067 -0.0001 -0.103∗∗ -0.705∗∗∗ -0.067
(0.000) (0.044) (0.206) (0.048) (0.000) (0.044) (0.206) (0.048)

σ(J7) 1.37E-06∗∗∗ 5.94E-05∗∗∗ 8.61E-06 2.80E-05 1.37E-06∗∗∗ 5.94E-05∗∗∗ 8.61E-06 2.80E-05
(1.3E-07) (1.8E-05) (8.6E-05) (1.8E-05) (1.3E-07) (1.8E-05) (8.6E-05) (1.8E-05)

σ(int.rate) 5.94E-05∗∗∗ 0.036∗∗∗ -0.021 -0.002 5.94E-05∗∗∗ 0.036∗∗∗ -0.021 -0.002
(1.8E-05) (0.003) (0.012) (0.002) (1.8E-05) (0.003) (0.012) (0.002)

σ(outgap) 8.61E-06 -0.021 0.807∗∗∗ 0.116∗∗∗ 8.61E-06 -0.021 0.807∗∗∗ 0.116∗∗∗

(8.6E-05) (0.012) (0.084) (0.015) (8.6E-05) (0.012) (0.084) (0.015)

σ(infl.gap) 2.80E-05 -0.002 0.116∗∗∗ 0.040∗∗∗ 2.80E-05 -0.002 0.116∗∗∗ 0.040∗∗∗

(1.8E-05) (0.002) (0.015) (0.003) (1.8E-05) (0.002) (0.015) (0.003)

Transition Matrix Parameters
Variable Coef. Pvalue Coef. Pvalue
p_11t p_21t
Constant 0.24 0.88 Constant -0.105 0.965
Borrowing(-1) 0.014 0.470 Borrowing (-1) 0.033 0.155
VIX(-1) 0.111 0.250 VIX (-1) -0.170 0.239
Debt1(-1) -0.013 0.954 Debt1 (-1) 0.045 0.850
Debt2(-1) -0.432 0.173 Debt2 (-1) 0.001 0.994
Lending(-1) 0.001 0.932 Lending (-1) -0.022 0.227

Note: coefficients and standard errors. *,**,***: significance at 10%, 5%, 1%.
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Table 34: Estimation results. MS-VAR model: Japan - J8

Regime 1 Regime 2
J8 Int. Rate Outgap Infl. gap J8 Int. Rate Outgap Infl. gap

J8(-1) -5.94E-05 0.966∗∗∗ -0.668∗∗∗ 0.0138 7.76E-05∗∗ 0.981∗∗∗ -0.499∗∗∗ -0.027
(3.1E-05) (0.015) (0.065) (0.016) (3.5E-05) (0.014) (0.066) (0.015)

Int. Rate(-1) 3.81E-05∗∗∗ 0.003 0.971∗∗∗ -0.009∗∗ -5.28E-05∗∗∗ 0.0087∗∗ 0.963∗∗∗ 0.007∗∗

(7.8E-06) (0.003) (0.016) (0.004) (7.2E-06) (0.003) (0.015) (0.003)

Outgap(-1) -0.0001∗∗ -0.017 0.372∗∗∗ 1.094∗∗∗ 0.0003∗∗∗ -0.024 -0.011 0.907∗∗∗

(5.8E-05) (0.028) (0.123) (0.031) (4.8E-05) (0.023) (0.102) (0.024)

Infl. gap(-1) -0.001∗∗∗ -0.105∗ -0.744∗∗∗ 0.121∗∗ 0.0018∗∗∗ -0.174∗∗ -1.440∗∗∗ -0.20∗∗

(0.0001) (0.055) (0.245) (0.058) (0.0001) (0.086) (0.380) (0.090)

Constant 0.987∗∗∗ -1.782∗∗ -19.96∗∗∗ 0.145 0.996∗∗∗ -1.17 -28.97∗∗∗ -1.73∗

(0.001) (0.753) (3.317) (0.832) (0.002) (0.871) (3.860) (0.926)

σ(J8) 1.69E-07∗∗∗ -2.26E-06 -0.0001∗∗∗ -5.15E-05∗∗∗ 1.69E-07∗∗∗ -2.26E-06 -0.0001∗∗∗ -5.15E-05∗∗∗

(1.6E-08) (5.4E-06) (2.6E-05) (6.6E-06) (1.6E-08) (5.4E-06) (2.6E-05) (6.6E-06)

σ(int.rate) -2.26E-06 0.040∗∗∗ 0.005 0.003 -2.26E-06 0.040∗∗∗ 0.005 0.003
(5.4E-06) (0.003) (0.011) (0.002) (5.4E-06) (0.003) (0.011) (0.002)

σ(outgap) -0.0001∗∗∗ 0.005 0.788∗∗∗ 0.128∗∗∗ -0.0001∗∗∗ 0.005 0.788∗∗∗ 0.128∗∗∗

(2.6E-05) (0.011) (0.073) (0.014) (2.6E-05) (0.011) (0.073) (0.014)

σ(infl.gap) -5.15E-05∗∗∗ 0.003 0.128∗∗∗ 0.043∗∗∗ -5.15E-05∗∗∗ 0.003 0.128∗∗∗ 0.043∗∗∗

(6.6E-06) (0.002) (0.014) (0.004) (6.6E-06) (0.002) (0.014) (0.004)

Transition Matrix Parameters
Variable Coef. Pvalue Coef. Pvalue
p_11t p_21t
Constant 4.50∗∗∗ 0.092 Constant -5.83 0.1219
Borrowing(-1) -0.072 0.237 Borrowing (-1) 0.012 0.658
VIX(-1) 0.109 0.463 VIX (-1) -0.031 0.845
Debt1(-1) -2.028 0.136 Debt1 (-1) 1.73 0.179
Lending(-1) 0.026 0.583 Lending (-1) -0.0142 0.604

Note: coefficients and standard errors. *,**,***: significance at 10%, 5%, 1%.
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Table 35: Estimation results. MS-VAR model: Japan - In level

Regime 1 Regime 2
finlevel Int. Rate Outgap Infl. gap finlevel Int. Rate Outgap Infl. gap

finlevel(-1) -0.0027 1.008∗∗∗ -0.202∗∗∗ 0.025∗∗∗ -0.0065∗∗∗ 0.9985∗∗∗ -0.3935∗∗∗ -0.0515∗∗∗

(0.001) (0.009) (0.031) (0.008) (0.001) (0.010) (0.034) (0.009)

Int. Rate(-1) 0.0007 0.014∗∗∗ 1.0318∗∗∗ -0.015∗∗∗ 0.0008 0.001 0.971∗∗∗ 0.008∗∗∗

(0.0007) (0.003) (0.013) (0.003) (0.0006) (0.003) (0.011) (0.003)

Outgap(-1) -0.002 -0.035 -0.272∗∗∗ 1.016∗∗∗ -0.0009 -0.012 0.278∗∗∗ 0.975∗∗∗

(0.004) (0.025) (0.084) (0.021) (0.004) (0.026) (0.085) (0.020)

Infl. gap(-1) 0.113∗ 0.244 1.105 0.052 0.119∗∗∗ -0.107 2.62∗∗∗ -0.334∗

(0.060) (0.360) (1.31) (0.290) (0.039) (0.230) (0.755) (0.193)

Constant 0.889∗∗∗ -0.288 -1.011 0.138 0.868∗∗∗ 0.027 -3.51∗∗∗ 0.077
(0.054) (0.316) (1.150) (0.259) (0.038) (0.219) (0.712) (0.186)

σ(finlevel) 0.0012∗∗∗ 2.93E-05 -0.001 0.0001 0.0012∗∗∗ 2.93E-05 -0.001 0.0001
(0.0001) (0.0004) (0.001) (0.0004) (0.0001) (0.0004) (0.001) (0.0004)

σ(int.rate) 2.93E-05 0.040∗∗∗ -0.003 0.001 2.93E-05 0.040∗∗∗ -0.003 0.001
(0.0004) (0.003) (0.011) (0.002) (0.0004) (0.003) (0.011) (0.002)

σ(outgap) -0.001 -0.003 0.429∗∗∗ 0.070∗∗∗ -0.001 -0.003 0.429∗∗∗ 0.070∗∗∗

(0.001) (0.011) (0.043) (0.009) (0.001) (0.011) (0.043) (0.009)

σ(infl.gap) 0.0001 0.001 0.070∗∗∗ 0.030∗∗∗ 0.0001 0.001 0.070∗∗∗ 0.030∗∗∗

(0.0004) (0.002) (0.009) (0.003) (0.0004) (0.002) (0.009) (0.003)

Transition Matrix Parameters
Variable Coef. Pvalue Coef. Pvalue
p_11t p_21t
Constant 4.13∗∗∗ 0.011 Constant -2.04 0.1007
Borrowing(-1) 0.013 0.442 Borrowing (-1) 0.003 0.862
VIX(-1) -0.080 0.286 VIX (-1) -0.054 0.306
Debt1(-1) -0.222 0.3511 Debt1 (-1) -0.244 0.267
Debt2(-1) 0.194 0.340 Debt1 (-1) 0.277 0.288
Lending(-1) -0.0014 0.897 Lending (-1) 0.018 0.229

Note: coefficients and standard errors. *,**,***: significance at 10%, 5%, 1%.
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Table 36: Estimation results. MS-VAR model: Japan - Financial cycle - "Borrowing"

Regime 1 Regime 2
Fin. cycle Int. Rate Outgap Infl. gap Fin. cycle Int. Rate Outgap Infl. gap

Fin. cycle(-1) -0.191 0.987∗∗∗ -0.207∗∗∗ -0.032∗∗∗ -0.213∗∗∗ 1.008∗∗∗ -0.087∗∗∗ 0.016∗∗∗

(0.053) (0.007) (0.052) (0.010) (0.050) (0.009) (0.022) (0.004)

Int. Rate(-1) 0.108∗ 0.002 0.991∗∗∗ -0.0027 0.253∗∗∗ -0.019 1.147∗∗∗ -0.021∗∗∗

(0.060) (0.008) (0.061) (0.011) (0.060) (0.012) (0.028) (0.006)

Outgap(-1) -0.248 -0.0037 -0.025 0.948∗∗∗ 0.259 -0.063∗ 0.427∗∗∗ 1.091∗∗∗

(0.174) (0.023) (0.176) (0.033) (0.176) (0.033) (0.082) (0.017)

Infl. gap(-1) -1.622∗∗∗ -0.080 -0.762∗ -0.175∗∗ 0.372 -0.110 0.737∗∗∗ 0.271∗∗∗

(0.425) (0.055) (0.434) (0.080) (0.429) (0.074) (0.192) (0.039)

Constant 0.873∗∗∗ -0.0001 -0.030 0.009 0.874∗∗∗ 0.021∗∗∗ -0.081∗∗∗ 0.0009
(0.034) (0.004) (0.035) (0.006) (0.038) (0.007) (0.017) (0.004)

σ(fin.cycle) 1.468∗∗∗ -0.007 1.107∗∗∗ 0.118∗∗∗ 1.188∗∗∗ 0.083∗∗∗ 0.561∗∗∗ 0.049∗∗∗

(0.182) (0.018) (0.162) (0.027) (0.180) (0.026) (0.086) (0.014)

σ(int.rate) -0.007 0.028∗∗∗ -0.004 0.0019 0.083∗∗∗ 0.050∗∗∗ 0.041∗∗∗ -0.0003
(0.018) (0.003) (0.018) (0.003) (0.026) (0.007) (0.012) (0.002)

σ(outgap) 1.107∗∗∗ -0.0041 1.497∗∗∗ 0.251∗∗∗ 0.561∗∗∗ 0.041∗∗∗ 0.285∗∗∗ 0.028∗∗∗

(0.162) (0.018) (0.184) (0.034) (0.086) (0.012) (0.043) (0.007)

σ(infl.gap) 0.11∗∗∗8 0.0019 0.251∗∗∗ 0.061∗∗∗ 0.049∗∗∗ -0.0003 0.0286∗∗∗ 0.0140∗∗∗

(0.027) (0.003) (0.034) (0.007) (0.014) (0.002) (0.007) (0.002)

Transition Matrix Parameters
Variable Coef. Pvalue Coef. Pvalue
p_11t p_21t
Constant 3.851∗∗∗ 0.000 Constant -3.089∗∗∗ 0.000
Borrowing(-1) -0.030 0.111 Borrowing (-1) -0.008 0.406

Note: coefficients and standard errors. *,**,***: significance at 10%, 5%, 1%.
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Table 37: Estimation results. MS-VAR model: Japan - Financial cycle - "Lending"

Regime 1 Regime 2
Fin. cycle Int. Rate Outgap Infl. gap Fin. cycle Int. Rate Outgap Infl. gap

Fin. cycle(-1) -0.221∗∗∗ 0.989∗∗∗ -0.242∗∗∗ -0.039∗∗∗ -0.223∗∗∗ 1.010∗∗∗ -0.095∗∗∗ 0.016∗∗∗

(0.039) (0.008) (0.037) (0.007) (0.033) (0.007) (0.031) (0.006)

Int. Rate(-1) 0.124∗∗∗ 0.0051 0.974∗ -0.007∗∗∗ 0.154∗∗∗ -0.012 1.084∗∗∗ -0.008∗∗∗

(0.040) (0.009) (0.040) (0.008) (0.042) (0.009) (0.040) (0.008)

Outgap(-1) -0.316∗∗ -0.0146 0.226∗ 1.009∗∗∗ -0.302∗∗∗ -0.007 -0.313∗∗∗ 0.999∗∗∗

(0.126) (0.026) (0.124) (0.024) (0.107) (0.024) (0.107) (0.021)

Infl. gap(-1) -2.44∗∗∗ -0.097 -0.844∗∗∗ -0.160∗∗∗ -0.153 -0.015 -0.184 0.150∗∗∗

(0.313) (0.064) (0.300) (0.058) (0.228) (0.051) (0.226) (0.046)

Constant 0.877∗∗∗ -0.002 -0.019 0.011∗∗ 0.947∗∗∗ 0.017∗∗∗ -0.024 -0.003
(0.023) (0.005) (0.022) (0.004) (0.024) (0.005) (0.024) (0.004)

σ(fin.cycle) 0.702∗∗∗ 0.005 0.502∗∗∗ 0.0005 0.702∗∗∗ 0.005 0.502∗∗∗ 0.0005
(0.073) (0.011) (0.065) (0.009) (0.073) (0.011) (0.065) (0.009)

σ(int.rate) 0.005 0.037∗∗∗ -0.0028 0.002 0.005 0.037∗∗∗ -0.0028 0.002
(0.011) (0.003) (0.010) (0.002) (0.011) (0.003) (0.010) (0.002)

σ(outgap) 0.502∗∗∗ -0.002 0.726∗∗∗ 0.085∗∗∗ 0.502∗∗∗ -0.002 0.726∗∗∗ 0.085∗∗∗

(0.065) (0.010) (0.072) (0.011) (0.065) (0.010) (0.072) (0.011)

σ(infl.gap) 0.0005 0.0023 0.0853∗∗∗ 0.030∗∗∗ 0.0005 0.0023 0.0853∗∗∗ 0.030∗∗∗

(0.009) (0.002) (0.011) (0.002) (0.009) (0.002) (0.011) (0.002)

Transition Matrix Parameters
Variable Coef. Pvalue Coef. Pvalue
p_11t p_21t
Constant 2.857∗∗∗ 0.0000 Constant -2.881∗∗∗ 0.0000
Lending(-1) 0.0079 0.4062 Lending(-1) -0.0005 0.9395

Note: coefficients and standard errors. *,**,***: significance at 10%, 5%, 1%.
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Table 38: Estimation results. MS-VAR model: Japan - Financial cycle - "VIX"

Regime 1 Regime 2
Fin. cycle Int. Rate Outgap Infl. gap Fin. cycle Int. Rate Outgap Infl. gap

Fin. cycle(-1) -0.219∗∗∗ 0.989∗∗∗ -0.240∗∗∗ -0.038∗∗∗ -0.221∗∗∗ 1.010∗∗∗ -0.095∗∗ 0.016∗∗∗

(0.040) (0.008) (0.037) (0.007) (0.033) (0.007) (0.031) (0.006)

Int. Rate(-1) 0.121∗∗∗ 0.005 0.972∗∗∗ -0.007 0.156∗∗∗ -0.0129 1.084∗∗∗ -0.009
(0.042) (0.009) (0.040) (0.008) (0.042) (0.009) (0.041) (0.008)

Outgap(-1) -0.303∗∗ -0.015 0.234∗ 1.010∗∗∗ -0.294∗∗∗ -0.006 -0.309∗∗∗ 0.999∗∗∗

(0.131) (0.0268) (0.128) (0.0247) (0.109) (0.024) (0.107) (0.021)

Infl. gap(-1) -2.403∗∗∗ -0.099 -0.815∗∗∗ -0.159∗∗∗ -0.132 -0.013 -0.180 0.149∗∗∗

(0.331) (0.064) (0.312) (0.058) (0.233) (0.052) (0.228) (0.046)

Constant 0.878∗∗∗ -0.002 -0.0183 0.0112∗∗ 0.946∗∗∗ 0.0174∗∗∗ -0.024 -0.003
(0.023) (0.005) (0.023) (0.004) (0.025) (0.005) (0.024) (0.0047)

σ(fin.cycle) 0.715∗∗∗ 0.0057 0.515∗∗∗ 0.0018 0.715∗∗∗ 0.0057 0.515∗∗∗ 0.0018
(0.078) (0.011) (0.070) (0.010) (0.078) (0.011) (0.070) (0.010)

σ(int.rate) 0.0057 0.037∗∗∗ -0.0024 0.002 0.0057 0.037∗∗∗ -0.0024 0.002
(0.011) (0.003) (0.011) (0.002) (0.011) (0.003) (0.011) (0.002)

σ(outgap) 0.515∗∗∗ -0.002 0.737∗∗∗ 0.086∗∗∗ 0.515∗∗∗ -0.002 0.737∗∗∗ 0.086∗∗∗

(0.070) (0.011) (0.075) (0.011) (0.070) (0.011) (0.075) (0.011)

σ(infl.gap) 0.0018 0.0023 0.086∗∗∗ 0.030∗∗∗ 0.0018 0.0023 0.086∗∗∗ 0.030∗∗∗

(0.010) (0.002) (0.011) (0.002) (0.010) (0.002) (0.011) (0.002)

Transition Matrix Parameters
Variable Coef. Pvalue Coef. Pvalue
p_11t p_21t
Constant 0.601 0.6827 Constant -3.781∗∗∗ 0.0051
VIX(-1) 0.110 0.1623 VIX(-1) 0.0506 0.4706

Note: coefficients and standard errors. *,**,***: significance at 10%, 5%, 1%.
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Table 39: Estimation results. MS-VAR model: Japan - Financial cycle - "debt1"

Regime 1 Regime 2
Fin. cycle Int. Rate Outgap Infl. gap Fin. cycle Int. Rate Outgap Infl. gap

Fin. cycle(-1) -0.222∗∗∗ 0.989∗∗∗ -0.242∗∗∗ -0.039∗∗∗ -0.223∗∗∗ 1.010∗∗∗ -0.095∗∗∗ 0.0168∗∗∗

(0.039) (0.008) (0.037) (0.007) (0.032) (0.007) (0.031) (0.006)

Int. Rate(-1) 0.117∗∗∗ 0.003 0.968∗∗∗ -0.0084 0.154∗∗∗ -0.012 1.084∗∗∗ -0.008
(0.042) (0.009) (0.041) (0.008) (0.042) (0.009) (0.040) (0.008)

Outgap(-1) -0.281∗∗ -0.007 0.262∗ 1.014∗∗∗ -0.302∗∗∗ -0.0067 -0.312∗∗∗ 1.000∗∗∗

(0.134) (0.028) (0.133) (0.026) (0.107) (0.024) (0.107) (0.021)

Infl. gap(-1) -2.379∗∗∗ -0.083 -0.780∗∗ -0.151∗∗ -0.153 -0.0147 -0.182 0.150∗∗∗

(0.326) (0.067) (0.313) (0.060) (0.228) (0.051) (0.226) (0.046)

Constant 0.878∗∗∗ -0.0019 -0.0186 0.011∗∗ 0.947∗∗∗ 0.017∗∗∗ -0.024 -0.003
(0.023) (0.005) (0.022) (0.004) (0.024) (0.005) (0.024) (0.004)

σ(fin.cycle) 0.702∗∗∗ 0.005 0.500∗∗∗ 8.13E-05 0.702∗∗∗ 0.005 0.500∗∗∗ 8.13E-05
(0.073) (0.0111) (0.066) (0.010) (0.073) (0.0111) (0.066) (0.010)

σ(int.rate) 0.005 0.037∗∗∗ -0.003 0.002 0.005 0.037∗∗∗ -0.003 0.002
(0.011) (0.003) (0.011) (0.002) (0.011) (0.003) (0.011) (0.002)

σ(outgap) 0.500∗∗∗ -0.0031 0.725∗∗∗ 0.085∗∗∗ 0.500∗∗∗ -0.0031 0.725∗∗∗ 0.085∗∗∗

(0.066) (0.011) (0.072) (0.011) (0.066) (0.011) (0.072) (0.011)

σ(infl.gap) 8.13E-05 0.002 0.085∗∗∗ 0.030∗∗∗ 8.13E-05 0.002 0.085∗∗∗ 0.030∗∗∗

(0.010) (0.002) (0.011) (0.002) (0.010) (0.002) (0.011) (0.002)

Transition Matrix Parameters
Variable Coef. Pvalue Coef. Pvalue
p_11t p_21t
Constant 2.874∗∗∗ 0.000 Constant -2.818∗∗∗ 0.000
debt1(-1) 0.202 0.318 debt1(-1) 0.0770 0.6738

Note: coefficients and standard errors. *,**,***: significance at 10%, 5%, 1%.
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Table 40: Estimation results. MS-VAR model: Japan - Financial cycle - "debt2"

Regime 1 Regime 2
Fin. cycle Int. Rate Outgap Infl. gap Fin. cycle Int. Rate Outgap Infl. gap

Fin. cycle(-1) -0.222∗∗∗ 0.989∗∗∗ -0.243∗∗∗ -0.039∗∗∗ -0.223∗∗∗ 1.01∗∗∗ -0.095∗∗∗ 0.016∗∗∗

(0.039) (0.008) (0.037) (0.007) (0.033) (0.007) (0.0315) (0.006)

Int. Rate(-1) 0.116∗∗∗ 0.003 0.967∗∗∗ -0.008 0.153∗∗∗ -0.012 1.084∗∗∗ -0.008
(0.042) (0.009) (0.041) (0.008) (0.042) (0.009) (0.040) (0.008)

Outgap(-1) -0.278∗∗ -0.007 0.267∗∗ 1.015∗∗∗ -0.302∗∗∗ -0.006 -0.312∗∗∗ 1.000∗∗∗

(0.135) (0.028) (0.133) (0.026) (0.107) (0.024) (0.106) (0.021)

Infl. gap(-1) -2.372∗∗∗ -0.083 -0.770∗∗ -0.150∗∗ -0.152 -0.014 -0.182 0.151∗∗∗

(0.328) (0.067) (0.313) (0.060) (0.228) (0.051) (0.226) (0.046)

Constant 0.878∗∗∗ -0.0019 -0.018 0.011∗∗ 0.947∗∗∗ 0.017∗∗∗ -0.024 -0.0036
(0.023) (0.005) (0.022) (0.004) (0.024) (0.005) (0.024) (0.004)

σ(fin.cycle) 0.704∗∗∗ 0.005 0.501∗∗∗ 0.0001 0.704∗∗∗ 0.005 0.501∗∗∗ 0.0001
(0.074) (0.011) (0.065) (0.009) (0.074) (0.011) (0.065) (0.009)

σ(int.rate) 0.005 0.0378∗∗∗ -0.0031 0.0023 0.005 0.0378∗∗∗ -0.0031 0.0023
(0.011) (0.003) (0.011) (0.002) (0.011) (0.003) (0.011) (0.002)

σ(outgap) 0.501∗∗∗ -0.0031 0.726∗∗∗ 0.085∗∗∗ 0.501∗∗∗ -0.0031 0.726∗∗∗ 0.085∗∗∗

(0.065) (0.011) (0.071) (0.011) (0.065) (0.011) (0.071) (0.011)

σ(infl.gap) 0.0001 0.0023 0.085∗∗∗ 0.0302∗∗∗ 0.0001 0.0023 0.085∗∗∗ 0.0302∗∗∗

(0.009) (0.002) (0.011) (0.002) (0.009) (0.002) (0.011) (0.002)

Transition Matrix Parameters
Variable Coef. Pvalue Coef. Pvalue
p_11t p_21t
Constant 2.636∗∗∗ 0.000 Constant -3.014∗∗∗ 0.000
debt2(-1) -0.202 0.200 debt2(-1) -0.117 0.5059

Note: coefficients and standard errors. *,**,***: significance at 10%, 5%, 1%.
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A.4 Additional results
Financial cycle

Figure 26: The financial cycle and its components: Japan

Figure 27: The financial cycle and its components: Eurozone
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Figure 28: The financial cycle and its components: United States

Figure 29: The financial cycle and its components: United Kingdom
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(a) Japan (b) Eurozone

(c) United States (d) United Kingdom

Figure 30: The financial cycle VS The financial cycle taking into account the unit root in
the Christiano Fitzgerald filter
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(a) Japan (b) Eurozone

(c) United States (d) United Kingdom

Figure 31: The financial cycle with different durations: 8 to 30 years (Borio) VS 1.5 to 8
years
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Multicollinearity

Figure 32: Borrowing and Lending risk behaviour variables - Japan

One interpretation of Figure (32) is as follows. For lending, when the correlation is
positive, it means that an increase in the price of real estate leads to an increase in bank
loans within 3 months. This can capture more risk-taking on the part of banks, as the
market value of their collateral increases. A large risk appetite is captured by a positive
correlation coefficient. A negative correlation, on the other hand, indicates that banks
are cautious in granting credit. For borrowing, a positive coefficient indicates that when
bank credit increases, the beneficiaries of the credit massively buy physical assets, which
increases the price of real estate in the following 6 months. This may reflect an over-
indebtedness of the private sector.

Table 41: Correlation matrix for explanatory variables for the transition matrix

VIX Borrowing Debt1 Debt2 Lending
VIX 1.000
Borrowing 0.0453 1.000
Debt1 0.0524 0.097 1.000
Debt2 0.212 0.117 0.1630 1.000
Lending -0.0012 0.648 0.139 -0.0183 1.000

This table reports the correlation among explanatory variables for the transition matrix
from Table (5)
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Table 42: Correlation matrix for variables in the equation in level

Infl. gap Cycle. IP Debt1 Debt2 Borrowing
Infl. gap 1.000
Cycle IP 0.5123 1.000
Debt1 -0.0490 0.0483 1.000
Debt2 -0.3498 0.0593 0.1630 1.000
Borrowing -0.0892 0.0249 0.0975 0.117 1.000

This table reports the correlation among variables in the equation in level from Table
(6)

ARDL model
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Table 43: Estimation results. ARDL model: United States

ECM Regression
Variable Coef. Pvalue
∆Int.Rate(−1) 0.31∗∗∗ 0.0000

(0.058)

∆Debt1(−1) -0.017 0.230
(0.014)

∆Infl.gap 0.94∗∗ 0.066
(0.510)

Dummycrisis -0.588∗∗∗ 0.0184
(0.247)

Dummycrisis(−1) -0.696∗∗∗ 0.0063
(0.252)

CointEq(-1) -0.03∗∗∗ 0.000
(0.007)

Levels Equation
Variable Coef. Pvalue
Infl. gap 0.16 0.914

(1.486)

Output gap 1.08∗ 0.0935
(0.644)

Debt1 0.22 0.5409
(0.372)

Debt2 1.46∗∗∗ 0.0006
(0.422)

Borrowing -0.002 0.8472
(0.0122)

Dummycrisis 4.58 0.1259
(2.98)

Constant -0.108∗∗∗ 0.0001
(0.027)

Note : coefficients and standard errors. ∗∗∗,∗∗,∗: significance at 10%, 5%, 1%.
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Table 44: Estimation results. ARDL model: Eurozone (with a dummy crisis variable)

ECM Regression
Variable Coef. Pvalue
∆Int.Rate(−1) 0.49∗∗∗ 0.0000

(0.052)

∆Outgap -0.109∗∗∗ 0.0000
(0.023)

∆Debt2 -0.05∗∗∗ 0.0130
(0.022)

∆Debt2(−1) -0.049∗∗∗ 0.0303
(0.022)

∆Borrowing(−1) -0.180∗∗∗ 0.0216
(0.077)

∆Borrowing(−2) 0.094∗∗∗ 0.0198
(0.040)

CointEq(-1) -0.065∗∗∗ 0.000
(0.011)

Levels Equation
Variable Coef. Pvalue
Infl. gap 3.37∗∗∗ 0.000

(0.548)

Output gap 0.069 0.1125
(0.043)

Debt1 0.290 0.2238
(0.237)

Debt2 0.042 0.7446
(0.130)

Borrowing -0.009 0.1334
(0.006)

Dummycrisis -1.12 0.2544
(0.980)

Constant 0.069∗∗∗ 0.0009
(0.0207)

Note : coefficients and standard errors. ∗∗∗,∗∗,∗: significance at 10%, 5%, 1%.
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VAR(1) VS AR(1)

Table 45: AR(1) equations - Japan

AR(1) equation
Coef. Pvalue

Infl. gap R2 = 0.9676
Infl. gap(-1) 1.00∗∗∗ 0.0000
Outgap(-1) -0.017 0.3548
Int. Rate(-1) -0.00031 0.9590
Fin. cycle 0.00016 0.9049
Outgap R2 = 0.9676
Outgap(-1) 0.982∗∗∗ 0.0000
Infl. gap(-1) 0.0011 0.9149
Int. Rate(-1) -0.00031 0.9590
Fin. cycle 0.00016 0.9049
Fin. cycle R2 = 0.9810
Fin. cycle(-1) 0.9810∗∗∗ 0.0000
Infl. gap(-1) 0.4387∗∗∗ 0.0000
Outgap(-1) -0.4154∗∗∗ 0.0006
Int. Rate(-1) -0.3353∗∗∗ 0.0000
Int. Rate R2 = 0.9935
Int. Rate(-1) 1.002∗∗∗ 0.0000
Infl. gap(-1) 0.0129 0.1789
Outgap(-1) -0.0257 0.1160
Fin. cycle(-1) 0.0039∗∗∗ 0.0013

Note : coefficients and standard errors. ∗∗∗,∗∗,∗: significance at 10%, 5%, 1%.
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