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Abstract

According to EU legislation, the national authorities should use the prin-
ciple of "guided discretion’ in setting the countercyclical capital buffer (CCB),
which increases banks’ resilience against systemic risk associated with periods
of excessive credit growth. This means that the decision should be based on
signals from a pre-determined set of early warning indicators, but that there
should also be room for discretion, as there is always uncertainty associated
with the use of early warning indicators. The European Systemic Risk Board
(ESRB) recommends that the authorities use the deviation of the credit-to-
GDP ratio from its long term trend value (credit-to-GDP gap) as the primary
indicator in setting the CCB. In addition, designated authorities should use
in their decision making indicators that measure private sector credit develop-
ments and debt burden, overvaluation of property prices, external imbalances,
mispricing of risk, and strength of bank balance sheets. Based on an empirical
analysis of data on EU countries and a large assortment of potential indica-
tors, we propose a set of suitable early warning indicators for each of these
categories.
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1 Introduction

The countercyclical capital buffer (CCB) proposed by the Basel Committee on Bank-
ing Supervision (BCBS, 2011) aims to mitigate excessive credit booms and the re-
lated pro-cyclicality in the financial system. CCB builds on the key element in the
traditional banking regulation, the minimum capital requirement that stipulates
bank to maintain at least a minimum amount of loss absorbing capital. The idea is
to increase the banks’ capital requirements when vulnerabilities related to the credit
cycle are increasing, e.g. when there are signs of excessive credit growth or a credit-
driven asset price boom. Setting the CCB increases the banks’ resilience against
potential future losses in stressed periods. It could also dampen credit growth by
cutting down supply of credit, as the banks need to commit more of the owners’ cap-
ital against risky assets. Furthermore, releasing the CCB when the credit cycle is in
decline decreases the chance of credit crunch and may enable banks to provide lend-
ing to profitable investments also in an impaired macroeconomic environment. In
order to set the countercyclical capital buffer at the right time, the macro-prudential
authority needs to identify the increasing cyclical vulnerabilities.

The CCB was recently implemented in the EU’s capital requirements directive
(CRD IV 2013/36/EU). According to the CRD IV, the designated authority takes
into account, first, a buffer guide defined in the directive, second, the guidance and
recommendations issued by the European Systemic Risk Board (ESRB), and third,
any other variables that the designated authority considers relevant for addressing
cyclical vulnerabilities. The buffer guide is the deviation of the ratio of credit-to-
GDP from its long-term trend calculated following the methodology of BCBS with
one-sided Hodrick-Prescott filter and smoothing parameter A = 400, 000 (henceforth
denoted as credit-to-GDP gap). Recently, ESRB published a recommendation on
operationalizing the countercyclical capital buffer (ESRB, 2014), which is based on
the results of the empirical study executed by the ESRB expert group on counter-
cyclical capital buffer (Detken et al., 2014). ESRB recommends the authorities take
into account and regularly publish data on other variables that may complement the
credit-to-GDP gap for signaling the build-up of system-wide risks related to exces-
sive credit growth. The indicators should include measures of credit developments,

measures of potential overvaluation of property prices, measures of private sector



debt burden, measures of external imbalances, measures of potential mispricing of
risk and measures of the strength of bank balance sheets. ESRB recommends that
the authorities have at least one early warning indicator (EWI) from each of these
categories to support the decision on CCB, and while they give some suggestions
what these indicators could be, it is not so clear for all the categories. For exam-
ple, the leverage ratio suggested for the category 'measures of the strength of bank
balance sheets’ is not found to be a useful indicator in the ESRB’s own empirical
analysis (Detken et al., 2014). If the ESRB recommendation is followed by national
authorities as suggested by the EU directive, it will be valuable to have a clear view

! Hence, our empirical work continues that

of the best indicators in each category.
of Detken et al. (2014) and aims to find the best EWIs for each of the six indicator
categories given in the ESRB recommendation. In the end, we find suitable indica-
tors for each of the categories although the indicative power of the indicators vary
considerably.

The empirical analysis is performed with an unbalanced panel data of the 28 EU
countries and quarterly data for the period from 1970Q1 to 2012Q4. The indicators
that signal vulnerabilities that may lead to a banking crisis are identified based on
the evolution of indicator values during tranquil times and during a pre-crisis horizon
3 to 1 years prior to the banking crisis.? Hence, we aim to explain a pre-crisis dummy
variable, which equals 0 for tranquil quarters and 1 for the pre-crisis quarters. One
of the often debated issues in these type of studies is the definition of banking crisis,
and different authors typically end up with unequal crisis events and differences
in the crisis dates. We mainly use the same banking crisis dataset as Detken et
al. (2014) but the results are carefully cross-checked against the alternative crisis
datasets by the ESCB Heads of Research (HoR) (Babecky et al., 2012) and Laeven
& Valencia (2012) (LV).

We consider a set of 50 macro-financial or balance sheet based indicators and
various transformations thereof. The set of indicators is to most part based on

what has been identified useful in earlier studies. Additionally we include indicators

!The ESRB recommendation has been followed at least in the Finnish legislation on the counter-
cyclical capital buffer.

?Detken et al. (2014) use 5 to 1 year pre-crisis horizon while the 3 to 1 year has been advocated
by many, e.g. Behn et al. (2013). To probe the impact on the results due to the pre-crisis horizon
selection, we also calculate results with 1 quarter pre-crisis horizon that precedes the banking crises
by n quarters for each n=1,2,...,20 following the approach in Drehmann and Juselius (2014).



that have conceptual motivation but have to our best knowledge not been tested as
EWIs of banking crises. The new indicators include a proxy for high-yield corporate
bond spread, CBOE volatility index (VIX), cross-border loans to GDP or assets,
benchmark government bond yields, household interest expense burden, and two
balance sheet indicators based on liquidity and short-term funding.

Following the methodology used by Drehmann and Juselius (2014) and Detken
et al. (2014), we measure the performance of EWIs based on the receiver operating
characteristic (ROC), which is the mapping that specifies the trade-off between false
alarms and missed crises for all possible threshold values of the EWI. Hence, we use
the area under the ROC curve (AUC) as measure of the indicators’ performance.
In addition, we require that the indicator has some explanatory power in a univari-
ate logistic regression. While earlier literature has shown that combining several
indicators into a composite indicator may improve the signaling power (Behn et al.,
2013; Anundsen et al., 2014), we mainly look at the indicators individually as we
are interested in finding simple robust indicators for each of the categories in the
ESRB recommendation.? However, we prefer indicators that have strong potential to
contain complementary information on vulnerabilities compared to the benchmark
indicator credit-to-GDP gap and are hence more qualified to be used as additional
indicators in setting the CCB. To achieve this goal, we estimate a bivariate logit
model, in which the pre-crisis dummy depends on the EWI and credit-to-GDP gap.
It is then required that the EWI has a statistically significant coefficient with the
correct sign.

Regarding the indicators to be assigned into the ESRB’s six vulnerability cat-
egories, we find the following results. Earlier literature has found private sector
credit-to-GDP gap to be the best single indicator in predicting banking crises. We
also find credit to GDP ratio based indicators to be the best and work significantly
better than indicators measuring pure credit developments. According to our re-
sults, the trend gap, 3 year difference and deviation from 5 year moving average in
credit-to-GDP perform equally well irrespective of whether the credit is total private
credit, total bank credit or credit to households. For the measures of credit devel-

opments category we therefore recommend some transformation of the household

3 Aikman et al. (2014) suggest that simple indicators often out-perform more complex alterna-
tives due to greater robustness when there is uncertainty.



credit to GDP and bank credit to GDP to be used.

For the measures of private sector debt burden category, differences and trend
gaps in household debt to disposable income ratio signal vulnerabilities about equally
well as the indicator in previous category where the denominator had GDP instead of
disposable income. We also find differences in household debt service ratio and total
private sector debt service ratio to be informative especially for shorter prediction
horizons. We recommend some transformations of household debt to income ratio
and debt service ratio to be used as an indicator in the private sector debt burden
category. The results also indicate that a simple interest expense to GDP ratio can
work as a useful indicator, so we recommend this type of proxy to be used if debt
service ratio is not available.

While all of the indicators in the measures of potential overvaluation of property
prices were quite informative, our results suggest that transformations of the house
price to income ratio outperform transformations of the house price to rent ratio or
real house prices. Hence, we recommend at least some transformation of the house
price to income ratio to be monitored.*

Measures of external imbalances category is challenging in the sense that it is
difficult to find indicators that would be robustly informative beyond the credit-to-
GDP gap. We recommend current account to GDP ratio or its differences, which are
the best indicators that we could find for this category. Our analysis with different
prediction horizons indicates that it is more of a short-term indicator in line with
Laeven & Valencia (2008), who find that in most banking crises there has been a
current account deficit on the year preceding the crisis.

Among measures of potential mispricing of risk, the high-yield spread in the euro
denominated corporate bond markets and VIX index were the most informative.
Interestingly they are also robust against excluding the global financial crisis and
the preceding period 2004Q1 onwards from the sample.” In addition to these risk
measures of international securities markets, authorities may wish to consider other

indicators for risk pricing in the national securities market or at the banks, such as

4We did not have data on commercial real-estate prices but based on earlier literature (e.g.
Bunda and Ca’Zorzi, 2010; Barrell et al. 2011; Kemme and Roy, 2012; Detken et al. 2014) they
are also informative and worth monitoring if possible.

% Also the recommended indicators in previous four categories are robust against the exclusion
of global financial crisis.



stock market based indicators or banks’ household or corporate lending margin that
were found to be somewhat informative.

Finally, in the measures of strength of bank balance sheets category the data
series are shorter and we find only relatively weaker evidence in support of a number
of indicators as we cross-check the results against different crisis datasets. These
include the leverage ratio, loans to deposits ratio, total assets to GDP ratio and
cross-border-loans to GDP ratio or their transformations. The results are most
robust for the leverage ratio, and we recommend it to be used optionally supported
with the above or other plausible indicators.

Also, many of the indicators perform consistently better (or worse) with the
alternative crisis datasets, which indicates that the adjustments made to the dataset
by Detken et al. (2014) in order to facilitate the policy objectives of the CCB, affect
the performance of indicators.

Our work complements the existing literature (to be reviewed in the next section)
which also tries to find indicators that could be used in a decision making when
setting the CCB. However, compared to the previous literature, our work is more
carefully focused on finding an indicator for each of the six categories in the ESRB
recommendation. Castro et al. (2014) also categorize indicators based on the ESRB
recommendation, but they leave the two categories measuring bank balance sheet
strength and risk mispricing for later work, whereas we consider indicators for all
the six categories. To our best knowledge, the findings for the informativeness of
VIX index and high-yield corporate bond spread are new in the context of banking
crisis literature, and highlight the importance of the global linkages in the financial
system.

Our empirical analysis is also more comprehensive than that in the previous lit-
erature as we consider a larger assortment of potential indicators than any other
study. We also use the data on EU countries instead of only one or few countries
as is done in some of the studies. We also perform robustness analysis with dif-
ferent crisis variables and crisis prediction horizon, which is done only by Behn et
al. (2013). Moreover, we evaluate the performance of the indicators both with a
univariate as well as bivariate approach together with the credit-to-GDP gap. We

prefer indicators which show forecasting power also when evaluated together with



the credit-to-GDP gap, which justifies their selection as additional indicators better
than pure univariate forecasting performance.

The paper continues as follows. Section 2 discusses the literature and presents
the potential indicators to be considered in each of the categories proposed by the
ESRB. The empirical analysis and the data are described in Section 3, and Section
4 presents the empirical results. Section 5 discusses various frameworks on how the
indicators should be interpreted by using thresholds and other relevant information.

Section 6 concludes.

2 Early warning indicators identified in the pre-
vious literature

In this section we go through the content of the ESRB recommendation on oper-
ationalizing the countercyclical capital buffer and the recent literature that have a
similar goal as we do: finding the indicators to be used in setting the CCB. We then
list, based on empirical evidence presented in the literature or conceptual relevance,
for each of the category the potential indicators to be analyzed in the empirical part

of this work.

2.1 Operationalizing the countercyclical capital buffer

According to the recommendation by the European Systemic Risk Board (ESRB,
2014), the decision on setting the countercyclical capital buffer should primarily be
based on deviation of the private sector credit to GDP ratio from its long term
trend (credit-to-GDP gap), which has been confirmed by several empirical studies
to be the best single indicator to predict banking crisis.® However, as there always
exists uncertainties for the signals given by EWIs, ESRB recommends that the
authorities should base their decision on wider set of information that describes the
vulnerabilities caused by excessive credit growth.”

ESRB has defined six categories of phenomena that are usually associated with

0See, e.g. Drehmann et al. (2010, 2011), Babecky et al. (2012), Behn et al. (2013), Bonfim
and Monteiro (2013), Detken et al. (2014), Drehmann and Juselius (2014).
"For the criticism on credit-to-GDP gap, see e.g. Repullo and Saurina (2011).



the risks stemming from excessive credit growth.® ESRB recommends that the
authorities monitor and make publicly available at least one indicator for each of
the categories in addition to the credit-to-GDP gap when setting the level of the
CCB. The categories are the following: measures of credit developments, measures
of private sector debt burden, measures of potential overvaluation of property prices,
measures of external imbalances, measures of potential mispricing of risk, measures
of the strength of bank balance sheets. As regards to actual indicators that could
describe these six phenomena, ESRB gives some suggestions that are based on an
empirical analysis by Detken et al. (2014), but does not provide specific recommen-
dations. Hence, the decision on which indicators to choose is left for the national
authorities.

The literature’ on EWIs for banking crisis is voluminous, but there are also
few more recent studies that focus specifically on finding indicators that could be
used in guiding decisions on the CCB. Besides Detken et al. (2014), Behn et al.
(2013) evaluate a wide set of macro-financial and banking sector indicators using
data for EU member states. They suggest that in addition to domestic factors,
such as credit developments, equity and house prices, also global variables on house
prices and credit developments seem to display good forecasting properties.!’ More
importantly, their results based on a multivariate approach suggest an improvement
in crisis prediction compared to the univariate approach, which means that policy
makers could indeed benefit from using a wider range of indicators when making
the decision on the CCB.

Following Behn et al. (2013), Anundsen et al. (2014) also propose a set of
multivariate early warning models that can guide policy makers when making a
decision on the level of the CCB. They find that indicators on household (HH)

credit developments predict crisis better than those of non-financial corporations

8There is also a seventh category of indicators included in the ESRB recommendation. This
includes indicators that combine information on the credit-to-GDP gap and the indicators of the
six other categories. At this point we do not consider the indicators for the seventh category in
our empirical analysis, as the selection of the indicators in the seventh category should be made
after finding the best indicators for the other six categories. Also, ESRB recommendation for the
seventh category differs from the other categories as it does not include an advice for publishing
the indicators of the seventh category.

9 A comprehensive literature survey on the early warning indicators is provided by Kauko (2014).

10They remind that the success of these variables might at least partly be explained by the global
financial crisis that causes a strong clustering of crisis episodes in the data.



(NFC) and that global housing market imbalances can be useful in signaling crisis.
They also propose a novel measure of housing and credit market exuberance that
is based on time-series methods proposed by Phillips et al. (2013). Bonfim and
Monteiro (2013) also aim to find suitable indicators for implementation of the CCB.
Their empirical analysis on nine European countries suggests that indicators on
house and stock prices and credit developments deserve careful monitoring by the
policy maker.

Castro et al. (2014) analyze a group of potential additional indicators with the
Spanish data. They propose a new credit related measure that they call a ‘credit in-
tensity’ (annual change in non-financial private-sector debt divided by four-quarter
cumulated GDP), which they find useful in predicting banking crisis. They also con-
firm that indicators on real estate property prices, external imbalances and private
sector debt sustainability are helpful when making decisions on the CCB. Giese et
al. (2014) focus in their analysis on the UK, and suggest some complementary indi-
cators to be used alongside with the credit-to-GDP gap. According to their results,
sectoral credit developments and house price indicators give important information
for the decision maker. The authors also find some bank balance sheet indicators
such as leverage ratio and loans to deposits ratio important in explaining how credit

boom is funded.

2.2 Candidate indicators for different categories

In the following subsections we propose candidate indicators for each of the six
categories in the ESRB recommendation. On top of the indicators mentioned here,
we consider various transformations such as growth rates, trend gaps, mean gaps
etc. for each of the indicators. This is because the indicator as such might be
nonstationary, which is not desirable for a good indicator. As Kauko et al. (2014)
argue, if indicator does not have an equilibrium level that it tends to return, it is
very hard to interpret the indicator, i.e. determine when the value of the indicator is
exceptionally low or high. Using the transformations solves the potential problems

of nonstationarity.



2.2.1 Measures of credit developments

The indicator measuring credit developments that has been analyzed perhaps the
most is the credit growth. It has been found to be a statistically significant predictor
of banking crisis in various studies (von Hagen and Ho, 2007; Barrell et al., 2010;
Repullo and Saurina, 2011; Jorda et al., 2011; Bordo and Meissner, 2012; Schular-
ick and Taylor, 2012; Behn et al., 2013; Drehmann and Juselius, 2014; Detken et
al., 2014; Bonfim and Monteiro 2013). However, there are many alternative ways
that one can measure credit growth and they all can be considered as potential
indicators. One can e.g. consider different credit definitions, i.e. whether to define
credit as a total credit that incorporates all credit regardless of the creditor or just
the credit provided by the banks. One can also consider longer term growth rates
such as 3-year-growth or absolute changes in credit levels instead of yearly growth
rates. Moreover, one can analyze whether the growth of the credit for private sector,
households or non-financial corporations have different kind of signaling power over
banking crisis. For example, Biiyiikkarabacak and Valev (2010), Anundsen et al.
(2014) and Detken et al. (2014) all find that indicators of household credit develop-
ments are better in predicting banking crisis compared to indicators of non-financial
corporations.

There are also various indicators that one can consider that are close to the
main indicator (credit-to-GDP gap), but yet contain other relevant information that
might help predicting crisis. One can e.g. analyze the credit-to-GDP gap separately
for households and non-financial corporations. These indicators can also be seen
complementary to the credit-to-GDP gap, as they give more detailed information
on what is underlying the signals in the primary indicator.

One of the weaknesses of the credit-to-GDP gap is that it tends to increase at
times when GDP decreases (Repullo and Saurina, 2011). Even though it might not
be desirable that the credit growth continues at the same speed even though the
real economy slows down, it might be a bad idea to set the excess buffers for the
banks in those circumstances. Especially if the credit growth has already stopped or
weakened, increasing the capital requirements and slowing down the credit growth
might cause an excessive negative shock for the economy. Kauko (2012a) proposes

another measure for credit developments, where he divides the credit change with a



five-year moving average of the GDP. Kauko (2012a) argues that using the five-year
moving average of the GDP instead of a yearly GDP addresses the problem of large
short-term drops of the GDP affecting the value of the indicator in an unwanted
way. Detken et al. (2014) confirm that the indicator in which the credit change
is divided by the one-year moving average of the GDP forecasts systemic financial
crisis better than any other indicator describing credit developments.

For measuring credit developments, we consider transformations of the following
indicators: total real credit (private sector, HH, NFC), bank real credit (private
sector), total credit / GDP (HH, NFC), bank credit / GDP (private sector).

2.2.2 Measures of private sector debt burden

Private sector indebtedness typically turns out to be at unsustainable level when
the borrowers are not able to cope with their debt services any longer. High private
sector debt burden can cause damage to the banks through credit risks, but also
directly to the economy due to decreased consumption and investment. Hence,
indicators describing the debt burden, i.e. debt-to-income ratio and debt service
ratio'! (DSR), might be valuable predictors of banking crisis. Both of these have
indeed found to be useful in signaling crisis in many studies (e.g. Biiyiikkarabacak
and Valev, 2010; Drehmann and Juselius, 2014; Detken et al., 2014; Giese et al,
2014). Just as in the case of the indicators on credit developments, it seems that
adverse developments in the household debt burden are a bigger issue for financial
stability compared to that of non-financial corporations, as both Biiyiikkarabacak
and Valev (2010) and Detken et al. (2014) find that non-financial corporations’ debt
service ratio’ has no predictive power for banking crisis.

The data on DSR are typically not available from public data sources. We were
able to use the data sets collected for the studies in Drehmann and Juselius (2014)
and Detken et al. (2014), but also considered ’proxies’ for the DSR that are com-
puted using public data sources. This proxy indicator covers only the estimated
interest rate expenses of the households and does not take into account the amor-
tization costs at all. We build an indicator of interest rate costs to GDP ratio

(interest expense burden) by multiplying the household credit to GDP ratio by 3

1 Debt service ratio measures the interest rate and amortization costs of the debt relative to
income.
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month money market rate. Alternatively, we compute the same by using 10 year
government bond yield as a proxy for fixed interest rates.

For measuring private sector debt burden, we consider transformations of the
following indicators: household credit / personal disposable income, debt service ra-
tio for private sector, households and non-financial corporations, household interest

expense burden proxied with 3 month and 10 year interest rates.

2.2.3 Measures of potential overvaluation of property prices

Besides the indicators on the credit developments, variables related to developments
in the real estate sector have often been found useful in predicting banking crisis
(e.g. Drehmann et al., 2010, 2011; Behn et al., 2013; Drehmann and Juselius, 2014;
Detken et al., 2014). In fact, it is found to be the combination of strong credit and
house price growth that is particularly dangerous for the financial stability (Borio
and Drehmann, 2009; Barrel et al., 2011; and Behn et al., 2013).

Credit and house prices tend to move hand-in-hand because the house purchases
are typically financed with loans and the value of the house affects the decision to
grant a loan through collateral process. On the other hand, as the mortgages form
typically very significant share both in the households’ and banks’ balance sheets,
both of them are vulnerable to large changes in housing prices. Mortgages might
cause credit losses for banks, but they can also cause damage through other channels.
Increasing house prices may lead to a construction boom, and hence crashing house
prices would lead to reduced output and increase banks’ loan losses from corporate
loans as the construction business loses profitability. Moreover, banks typically use
mortgages to secure their own market-based funding, so a sharp negative correction
in house prices might increase the costs of funding for the banks. Hence, while
credit and house price bubbles typically amplify each other, they also form a serious
vulnerability for the banking sector due to their important role in the banks’ business
models.

Besides the house price growth, indicators that measure overvaluation in the real
estate market have been found to be good predictors for banking crisis according
to many studies (e.g. Bunda and Ca’Zorzi, 2010; Barrell et al. 2011; Roy and
Kemme, 2012). Detken et al. (2014) find that these indicators perform better in

11



crisis prediction than for example any market or real economy based indicators.
Unfortunately, it is difficult to get data on commercial real estate prices so we
concentrate on the residential real estate. The state of the housing market can
be assessed by comparing housing prices with household income or housing rents.
Relative developments in housing prices and income reflect how affordable housing
prices are from the buyers’ point of view, whereas the relationship between housing
prices and rents is conceptually identical with stock market price-to-earnings ratio.

For measuring potential overvaluation of property prices, we consider transfor-
mations of the following indicators: Real residential property price index, residential

property price / rent and residential property price / income.

2.2.4 Measures of external imbalances

Besides the direct measures of credit developments, also the indicators that mea-
sure excessive credit growth indirectly have been found useful in predicting banking
crisis. It is well known that when credit growth is much faster than that of GDP,
domestic savings are typically not enough to finance the credit expansion and the
indebtedness is then often financed by foreign money. As a result, the excessive
foreign lending shows as a deficit in the current account. Many studies have found
a link between large external imbalances and the frequency of financial crises. For
example, Laeven and Valencia (2008) found that out of 41 banking crisis around
the world, 39 countries had a current account deficit on the year preceding the
crisis. There are also several other studies that find a statistically significant rela-
tionship between the current account deficit and the likelihood of the banking crisis
(Kaminsky and Reinhart, 1999; Jorda et al., 2011; Roy and Kemme 2012; Bordo and
Meissner, 2012; Kauko, 2012b; Lo Duca and Peltonen, 2013; Detken et al., 2014).
However, if the sample consists only of emerging countries, the evidence on the link
between the current account deficit and the banking crisis is not as strong (Domac
and Martinez Peria, 2003; Joyce, 2011). Taylor (2013) argues that measures of ex-
ternal imbalances such as current account deficit might work as EWI for external
crisis, but not for all kinds of crisis, which might explain the somewhat mixed results
for this indicator.

It has been argued in the literature that foreign money, especially portfolio in-
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vestments, is a more unstable source of credit compared to domestic credit and hence
a large share of foreign money might create a vulnerability to the financial system.
This might be explained by the fact that foreign investors’ ability to evaluate the
risks in the country is worse than that of domestic investors (Kauko 2012a). For
this same reason it has been argued that herding behavior is more typical for foreign
investors, which might increase the accumulation of the external imbalances as well
as a fast pull-out in case risks materialize. Hence, we consider also capital account
deficits as an indicator for external imbalances. We also include separate indicators
for portfolio investments and and other investments, which are considered to be
short-and hence be the most volatile items of all foreign investments.

For measuring external imbalances, we consider the following indicators: cur-
rent account / GDP, capital account / GDP, portfolio investments / GDP, other
investments / GDP.

2.2.5 Measures of potential mispricing of risk

Credit and asset price bubbles are typically associated with times of positive eco-
nomic developments. During long periods of good times, agents’ perception of the
risks tends to decrease, which might lead to loosening of the credit standards set by
banks or to lower risk premia in the risky securities demanded by the investors. It is
very difficult if not possible to measure risk perceptions or determine when the risks
are mispriced, but one could try to do it by using measures on credit standards or
risk premia on different assets.

Potential indicators for risk mispricing in the banks could be e.g. the changes in
the interest rate margin that banks require for the loans they grant for households
and corporations. A fast decrease in margins on new bank loans might indicate that
banks are mispricing risk e.g. due to increased competition. In the securities mar-
kets, one could look on the developments in the stock and bond markets. Fast price
increases on the stock market and high stock valuations (e.g. share prices relative
to dividend yields, i.e. P/E ratios) as well as a rapid decrease in the required risk
premia between safe and risky corporate bonds might reflect increase in investors’
risk appetite that might lead to mispricing of risk. Also, low levels of asset return

volatility typically lead to increased risk taking due to the fact that at times of low
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volatility one needs to invest to riskier assets in order to get the same returns as at
times of higher volatility. Some tools used in the banks’ risk management, such as
Value-at-Risk metric also tend to allow higher risk taking at times of low volatility
which might then lead to excess risk taking in the banks.

The results of the previous literature on equity market indicators are mixed.
Drehmann et al. (2011) and Behn et al. (2013) find the link between stock market
developments and banking crisis, but Schularick and Taylor (2012) do not. One
potential problem related to the measures of risk premia in the corporate bond
market is that it is difficult to find country-specific data for these indicators. Hence,
we need to use the same indicator of euro denominated bonds on all the countries in
the data set. On the other hand, mispricing of risk might be dangerous phenomenon
especially if it happens among the international investors. There are a few studies
that suggest that global indicators, such as global equity price growth (Behn et.
al., 2013) and global liquidity measures and global credit-to-GDP gap (Alessi and
Detken, 2011) might also be useful in predicting local crisis, which motivates the
use of some global or international variables in crisis prediction.

For measuring potential mispricing of risk, we consider the following indicators:
lending margin of household loans, lending margin of corporate loans, stock and bank
stock price index, stock index volatility, dividend yield, P/E ratio, P/B ratio, CBOE
volatility index (VIX), high-yield corporate bond risk premia, long and short-term

interest rates of two major economies (USA and Germany).

2.2.6 Measures of the strength of bank balance sheet

Although it is quite clear that the causes of the banking crisis are likely to be at
least partly explained by the vulnerabilities in the banks’ balance sheets, finding
EWIs from banks’ balance sheets is not easy. This is probably due to data issues, as
the data on banks’ aggregate balance sheets tends to be short and published mostly
on a yearly basis, as well as contain structural breaks due to changes in the banking
industry and accounting standards.

Detken et al. (2014) consider leverage ratio as an EWI for a systemic banking
crisis, but do not find any predictive power for this indicator. Behn et al. (2013)
find that higher aggregate banking sector capitalization decreases the probability
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of banking crisis while higher banking sector profits may incur excessive risk-taking
and tend to precede banking crisis.

There are also some empirical evidence that the indicators of the banks’ funding
structure might work as an EWI for banking crisis. Banks’ funding can be divided
into ’core liabilities’ (stable deposits) and non-core liabilities (e.g. unstable short-
term wholesale funding). At times of the rapid lending growth, banks might finance
the increased lending with market funding, because the developments in the deposit
funding tend to be more stable. While in the good times the market funding might
be cheap and easily available, in the bad times the cost of market funding tends
to increase faster than that of deposits, or disappear altogether in the worst place.
Hence, a higher share of more 'unstable’ market funding makes banks vulnerable to
the shocks in the international financial market. Kamin and DeMarco (2012) and
Laina et al. (2015) have found evidence that larger share of the deposit funding has
a stabilizing effect for the financial system, whereas Hahm et al. (2013) and Betz
et al. (2013) show that a high share of the so-called non-core liabilities is a good
predictor of a banking crisis.

For measuring the strength of the bank balance sheet, we consider transforma-
tions of the following indicators: total assets / GDP, leverage ratio, loans / deposits,
non-core liabilities / total assets or GDP, (short-term liabilities - liquid assets) / total
assets, short-term liabilities / liquid assets, cross-border loans / GDP, cross-border

loans / total assets.

3 Empirical analysis

3.1 Data
3.1.1 Banking crisis datasets

Various banking crisis datasets that report the banking crises in a large number of
countries have been made available by the earlier literature. The dataset compiled
by Babecky et al. (2012) as part of a data collection exercise by the European
System of Central Banks (ESCB) Heads of Research Group (HoR) contains quar-
terly information on banking crises in EU countries between 1970Q1 and 2012Q4.
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Detken et al. (2014) take HoR as a starting point but make a number of modifica-
tions to the database in order to align it with the objectives and operation of the
CCB. Crises that were not systemic banking crises or not associated with a domes-
tic credit/financial cycle were excluded and periods where domestic developments
related to the credit/financial cycle could well have caused a systemic banking crisis,
had it not been for policy action or an external event that dampened the financial
cycle were added. Because we build on the work of Detken et al. (2014), it is natural
to use the same crisis dataset. However, in light of the fact that there are significant
differences between the various banking crisis datasets and divergent opinions on
which events should be included as a banking crisis in this type of a study, we also
calculate and include in the Annex B the results obtained when using HoR dataset
or yet another banking crisis dataset provided by Laeven and Valencia (2012) (LV).
The definitions of banking crises and banking crises events for each country are

summarized in Annex A Tables A1-A2.

3.1.2 Indicator data

The quarterly indicator data aims to cover 28 EU member states for the period
from 1970Q1 to 2012Q4 on a best effort basis. Admittedly for many of the Eastern
European countries and some specific indicators it was not possible to find long time
series, the situation being particularly difficult for banks’ balance sheet data. The
data sources are summarized as follows: Credit aggregates (BIS), credit interest
spreads and bank balance sheet data (ECB), house price indicators (OECD), stock
index and dividend yields (Bloomberg), disposable income (FED). In addition, we
received from BIS the data on debt service ratio that was used in Drehmann and
Juselius (2014), and from ESRB the data on debt service ratio for households and

corporates that were used in Detken et al. (2014).

3.1.3 Indicator transformations

When it is reasonable!'?, we consider following transformations of the indicator data:

1 year growth, 3 year growth, 1 year difference, 3 year difference, trend gap (devi-

12For example for a panel of house price indices only relative changes and relative trend deviations
make sense in the panel setting. Also for some of the shorter data series, we omit the trend deviation
transformations.
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ation from a long-term trend calculated with the one-sided Hodrick—Prescott filter
and smoothing parameter A = 400,000), relative gap (time series divided by its
trend, which is calculated similarly as in the previous transformation), deviation
from 5 year moving average (denoted 5 year m.a. gap), recursively calculated devi-
ation from mean (denoted m.a. gap). To ensure robustness of the gaps, we require
5 years of prior data. For the credit-to-GDP ratios with different credit aggregates,
we consider the additional transformation whereby 1 year change of the credit ag-
gregate is divided by the 5 year moving average of GDP, which is more stable than
the trend gap in the event of abruptly decreasing GDP. Detailed formulas for the

transformations are included in Annex B.

3.2 Evaluation methodology
3.2.1 Pre-crisis dummy

We aim to identify the indicators that best signal vulnerabilities that may lead to a
systemic banking crisis based on the evolution of the indicator values during tranquil
times and during a pre-crisis horizon prior to the banking crisis. By assumption the
system is in a vulnerable state during the pre-crisis quarters 12 to 4 quarters before
the crisis. In addition to tranquil quarters and pre-crisis quarters, there are the
late pre-crisis quarters and crisis quarters. We define a pre-crisis dummy, which is
0 for the tranquil quarters, 1 for the pre-crisis quarters, and undefined for the late
pre-crisis quarters and crisis quarters.'® Additionally, the pre-crisis dummy is not
defined from 2010Q1 onwards as the state is not yet known. Table A3 in Annex A
illustrates the tranquil, pre-crisis, crisis, and other excluded quarters for the Detken
et al. (2014) crisis dataset. As we do not perform any analysis involving threshold
optimization, it is enough to account for the publication lags implicitly with the
understanding that e.g. a signal based on indicator values 12 quarters prior to the
crisis would actually have been observed 1-2 quarters later.

As a robustness check, we follow the approach in Drehmann and Juselius (2014)

13 Also the post-crisis quarters that take place e.g. 4 quarters after the last crisis quarter can
be left out. We follow Detken et al. (2014) who do not distinguish between crisis and post-crisis
quarters and assume that the post-crisis/recovery quarters are sufficiently included in the crisis
quarters. Ultimately the need to correct for the post-crisis bias depends on how the specific crisis
dataset is defined.
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and calculate in Annex C results for indicators using different horizons. In that case
the pre-crisis dummy is defined as previously, except that the dummy equals 1 for a
single quarter n quarters prior to the crisis, where n = 1,2, ..., 20, while the dummy
is undefined for the other pre-crisis quarters. Following the approach of Drehmann
and Juselius (2014), only those crisis events are included for which pre-crisis data
is available for 20 quarters prior to the crisis. Table A4 in Annex A illustrates the

pre-crisis dummy in such case.

3.2.2 Evaluation of indicator performance

In evaluating the performance of EWIs we follow the signaling approach, in which
the indicator signals vulnerable state in case it is above a given threshold (or below,
if small rather than large values of the indicator indicate vulnerability). Receiver op-
erating characteristic (ROC) is the mapping that specifies the trade-off between false
alarms (false positives) and missed crises (false negatives) for all possible threshold
values of the EWI. Specifically, ROC' = T'P(F P), where TP is the true positive rate
(fraction of sample’s pre-crisis quarters for which the EWT signaled a crisis) and FP
is the false positive rate (fraction of sample’s tranquil periods for which the EWI
signaled a false alarm). The area under the ROC curve, AUC = folTP(F P)dFP,
is a natural non-parametric measure for indicators ability to distinguish between
pre-crisis and tranquil periods. For a perfectly uninformative indicator TP = F P,
and hence AUC = 0.5. As a rule of thumb, the more the AUC' differs from 0.5, the
better the indicator. If large values of indicator indicate vulnerability AUC > 0.5, if
small values indicate vulnerability AUC' < 0.5. As there is uncertainty involved in
estimating AUC, we also report the cluster bootstrapped standard errors and sta-
tistical significance of the deviation of AUC from 0.5. In discussing the results we
refer to indicators with statistically significant AUC > 0.8 or AUC < 0.2 as strong,
with 0.7 < AUC < 0.8 or 0.2 < AUC < 0.3 as quite strong, with 0.65 < AUC < 0.7
or 0.3 < AUC < 0.35 as quite weak, and with 0.35 < AUC < 0.65 but statistically
significantly different from 0.5 as weak, and as uninformative otherwise.

The best indicators are selected based on the AUC and three other criteria.
First, in a univariate logistic model that aims to explain the probability to be in a

vulnerable state based on the value of indicator alone, the coefficient of the indicator
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should be statistically significantly different from zero. Second, the coefficient should
remain statistically significant if credit-to-GDP is included as a control variable.
Third, the interpretation of the indicator needs to be sensible and robust against
small adjustments in the definition pre-crisis horizon and robust against the use of

the alternative crisis datasets.

4 Results of the empirical analysis

In this section we go through the results for each indicator category in the ESRB
recommendation. In each case, a table of shortlisted indicators is shown that reports
the indicators that are statistically significant both alone and in the joint evaluation
with the credit-to-GDP gap. The discussion is structured such that within each
category we first report the results with the crisis dataset of Detken et al. (2014)
and subsequently comment on the robustness of results against alternative crisis
datasets and against different horizons. Only the results for shortlisted indicators
obtained with the Detken et al. (2014) banking crisis dataset are shown here. The
full set of results for all indicators and transformations as well as the results with
the ESCB Heads of Research (HoR) and Laeven and Valencia (LV) datasets are
available in Annex B. The results for different horizons for the shortlisted indicators

are available in Annex C.

4.1 Measures of credit developments

Tablell.MeasuresBfitredit@levelopments.BeeAnnex@BHorHullZable.

univariate Indicator Indicator Credit®oAsDPEap
Indicator Transformation [AUC Logit@oeff. Cr Co N Logit®oeff. Logit@oeff. Cr Co N
Creditto@GDPEap trend@ap 0.83*** (0.03) 9.875*** (1.657) 20 18 1803
HHRreditdreal) 3yBrowth 0.71*** (0.05) 0.016*** (0.005) 12 15 884 |6.6e@3*  (3.6e3) 7.815*** (1.057) 12 15 873
relative@ap 0.69**  (0.07) 0.044*** (0.016) 12 15 810 |0.030** (0.015)  7.310*** (1.151) 12 15 810
Bank®&reditfi@DP 3y@ifference 0.84*** (0.04) 10.687*** (2.615) 21 18 1884 |6.657** (3.326) 4.480* (2.621) 20 18 1785
trend@®ap 0.83*** (0.03) 12.800*** (2.724) 20 18 1771 |7.492* (4.530)  4.756 (3.220) 20 18 1771
(1y®iff Antbank@re dit) ByMn.a.lGDP 0.80*** (0.05) 19.686*** (5.559) 22 18 2040 [14.634* (7.671)  4.301**  (1.915) 20 18 1799
HHRre dity@GDP 3y@ifference  |0.85%** (0.03) 20.652*** (2.497) 18 18 1255 [19.135%** (4.442)  1.093 (2.743) 18 18 1226
ly®ifference  |0.79*** (0.04) 39.528*** (5.554) 20 18 1385 |26.071**  (11.659) 5.165** (2.095) 18 18 1299
trend®ap 0.83*** (0.03) 25.078*** (5.306) 18 18 1150 |15.470** (7.005) 5.442%* (2.192) 18 18 1150
(1yRiiff. AnfHHRre dit) JGBymn.a.lEDP 0.80*** (0.04) 35.140*** (6.487) 20 18 1389 [29.554*** (10.341) 3.976**  (1.858) 18 18 1299
NFCRreditf@BDP trend@ap 0.68*** (0.05) 8.066*** (3.024) 18 18 1131 [ER4.712*** (5.174) 23.896*** (3.599) 18 18 1131

Robust@tandard@rrors@djusteddor®lustering@re@eporteddn®hefparentheses B, **@ndF**@ndicateBtatisticalBignificance@t®hell 0B6,B 6 ndEAB6A evel .
Evaluationthorizon@sFEoBFears. FLCBFroup's@risis@latasetdsMised. BtatisticalBignificance@nddarger | AUCE.5 | Andicatesetterferformance.
CrAsEhefhumber®firises,LoAs@hefhumber@®f@ountries, MNAs®hefhumber@®f®bservations.
Creditefers@olh||EreditFegardless®fhereditor@hereasibank@redit@ontains®nlyhe®reditiprovideddbydbanks.
Ifhottherwisementioned,@reditdAncludesthonfinancial®orporatedNFC)E@ndthousehol dgHH)Rredit.

19



The strongest indicators in this category are 3 year differences and trend gap in
the ratio of household credit to GDP and in the ratio of bank credit to GDP. These
indicators have strong indicative power similar to the primary indicator credit-to-
GDP gap. Regarding shorter term credit developments, the ratio of the 1 year change
in household or bank credit to moving average GDP performs also well as does the
1 year difference in the household or bank credit to GDP ratio. We also note that
transformations of corporate credit to GDP or real corporate credit typically have
a statistically significant negative sign in joint evaluation with the credit-to-GDP
gap, which points toward its complement in the total credit, i.e. household credit, as
the primary driver of banking crises. Among the indicators that describe real credit
developments, only the 3 year difference and relative gap of real household credit
(i.e. 3y growth and relative gap) have indicative power beyond credit-to-GDP gap.

The results are qualitatively robust against changing the crisis dataset. However,
credit-to-GDP measures perform slightly stronger with the LV dataset and weaker
with the HoR crisis dataset. Also all of the real credit development indicators,
including those for households, perform weaker for both alternative datasets. Apart
from corporate credit to GDP gap, which has indicative power only in the short-term,

the shortlisted indicators have steady indicative power across wide set of horizons

(Annex C, Table C1.A ).

4.2 Measures of private sector debt burden

In line with the success of household debt to GDP developments in the preceding
indicator category, changes in the household credit to gross disposable income (GDI)
are among the top indicators in this category. In addition, most transformations of
the debt service ratio and the proxy for household interest expenses that included the
3 month interest rate have quite high indicative power and contain information on
vulnerability beyond the credit-to-GDP gap. The corresponding proxy for interest
expenses with 10 year interest rate is less informative.

The results are qualitatively robust against changing the crisis dataset while
quantitatively a little stronger with the LV dataset and a little weaker with the HoR
dataset. Apart from the first indicator (HH debt to GDI), the shortlisted indicators

have weak indicative power beyond three year horizon (Annex C, Table C1.B).
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Table®.Measures®DfiprivateBector@ebtiburden.Beennex@BHorFullEable.

univariate Indicator Indicator Credit®oB5DPEap
Indicator Transformation [AUC Logit@oeff. Cr Co N Logit@oeff. Logit@oeff. Cr Co N
HHRre ditg@GDI 3y@lifference  |0.79*** (0.05) 2.6eBD3*** (3.0e@4) 15 11 975 |2.5eE3*** (4.4e@4) 9.371***  (1.462) 15 11 975
ly®ifference  [0.78*** (0.04) 6.5ePD3*** (8.0e@4) 15 11 1055 [6.3e@3*** (1.2e@3) 9.403***  (1.353) 15 11 1055
trendBap 0.82*** (0.04) 4.5e@3*** (4.6e4) 15 11 905 |4.1eRD3*** (7.3e@D4) 8.828*** (1.509) 15 11 905
HHEDSREBIS) lyBrowth 0.71*** (0.04) 0.104*** (0.025) 16 12 1289 (0.069***  (0.022) 8.572*** (1.950) 16 12 1259
ly@ifference  [0.73*** (0.04) 0.573*** (0.217) 16 12 1289 [0.329** (0.148)  8.306%**  (1.882) 16 12 1259
DSRAESRB) 3y@rowth 0.74*** (0.03) 0.020***  (0.006) 23 25 1989 (0.029***  (0.010)  7.560***  (1.935) 19 17 1476
ly@rowth 0.75*** (0.02) 0.049** (0.022) 25 26 2185 [0.075***  (0.026)  7.889*** (1.768) 19 17 1516
3y@ifference  |0.77*** (0.03) 23.761** (10.510) 23 25 1989 [11.411**  (5.208)  7.859*** (1.868) 19 17 1476
ly@ifference  [0.79%** (0.02) 54.819%** (15.797) 25 26 2185 |40.935*** (11.498) 7.604*** (1.768) 19 17 1516
trend@ap 0.73*** (0.04) 35.962*** (10.662) 21 22 1837 [13.601**  (6.615) 6.953*** (1.940) 18 16 1441
NFCEDSRHESRB) lyBrowth 0.74*** (0.04) 0.073*** (0.022) 17 25 990 [0.048** (0.021)  6.833*** (1.176) 13 16 844
HHEDSRAESRB) 3y@ifference  |0.77*** (0.06) 49.391*** (12.542) 15 23 795 |45.760**  (18.022) 4.449* (2.286) 13 16 735
ly@ifference  |0.73*** (0.04) 76.289*** (20.140) 18 25 976 |73.448*** (24.632) 6.053***  (1.486) 14 16 830
HHRreditFAO0yBondFateFEEDP
ly@ifference  |0.63*** (0.04) 1.030*** (0.321) 16 18 907 |0.715%* (0.363)  8.134*** (1.370) 16 17 902
HHRredit#BmEnoney@narket@ate@GDP 0.63**  (0.05) 0.309** (0.124) 20 25 1350 |0.465***  (0.141)  9.920***  (1.513) 17 17 1123
3y@rowth 0.72*** (0.04) 6.2e@3*** (2.0e(D3) 19 25 1087 (7.1e@D3** (2.8e@3) 8.120***  (1.656) 17 17 969
lyBrowth 0.73*** (0.03) 0.019*** (0.005) 20 25 1262 |0.022***  (0.005)  8.658*** (1.576) 17 17 1073
3y@lifference  |0.74*** (0.04) 0.814*** (0.224) 19 25 1087 |0.859***  (0.239)  7.658***  (1.790) 17 17 969
ly@ifference  |0.73*** (0.04) 1.234*** (0.383) 20 25 1262 |1.416***  (0.244) 8.623*** (1.714) 17 17 1073
trend@ap 0.71*** (0.06) 0.950*** (0.332) 18 25 928 [0.782** (0.333)  7.056*** (1.627) 16 17 863

RobustBtandard@rrorsEdjusteddoril usteringfre@eporteddn@heiarentheses B, **@ndF**@ndicateBtatisticalBignificancefthef 0, BB ndA DA evel .
Evaluationthorizon@sARo@BHears ALCBBroup'sErisis@atasetdsfsed.BtatisticalBignificance@nddarger | AUCR.5 |Andicatestetter@erformance.
CrAs@hethumber®fErises,odsRhemumber®f@ountries,INAsRhefumber®fbservations @&DI=EGrossMisposabledncome,MSR=DebtBHerviceRatio.
IffhottherwiseBtated,®reditdncludesthon®inancial@orporatedNFC)@ndihousehol dgHH)Rredit.

4.3 Measures of potential overvaluation of property prices

Table@. Measures@®f@potential®vervaluation@®f@propertydrices.BeeBnnexBHorFullRable.

univariate Indicator Indicator Credit®oAsDPEap
Indicator Transformation |AUC Logit@oeff. Cr Co N Logit@oeff. Logit@oeff. Cr Co N
Residentialroperty@rice@ncome 0.75*** (0.05) 0.027** (0.013) 22 21 1507 |0.015* (0.009) 7.587***  (1.512) 19 16 1370
3yBrowth 0.75%** (0.05) 0.045*** (0.014) 20 18 1277 |0.040**  (0.018) 7.191*** (0.764) 18 14 119
lyBrowth 0.64*** (0.05) 0.052*** (0.018) 21 20 1430 [0.050* (0.026) 8.431***  (1.075) 19 16 1317
3y@ifference  |0.76*** (0.05) 0.072*** (0.019) 20 18 1277 |0.061**  (0.027) 6.388*** (0.812) 18 14 1196
1y®ifference 0.65**  (0.05) 0.082***  (0.022) 21 20 1430 |0.064** (0.032) 8.192***  (1.014) 19 16 1317
trendBap 0.78*** (0.05) 0.127*** (0.028) 19 18 1164 [0.081** (0.035)  6.535%** (1.216) 17 14 1111

Robust@tandard®rrors@djusteddforilustering@re@eporteddn@he@arentheses B, **@ndF**@ndicateBtatisticalBignificance@thell 0@, BB ndA B evel .
Evaluationthorizon@sEl@oBRears ELCBREroup's&risisatasetdsMsed BtatisticalBignificanceBnddarger | AUCED.5 | Andicatesetterfperformance.
CriAs@hefhumberfErises,EoAsEhethumber®f@ountries,NAs@hefhumber®f@bservations.

We find residential property price to income ratio and its various transformations
to have quite high indicative power. These indicators outperform the corresponding

real prices and price-to-rent ratios in the sense that the latter are not statistically

significant in the joint evaluation with the credit-to-GDP gap.

The performance of all the property overvaluation indicators is very similar for
all three datasets. The indicative power is strongest 2 to 3 years prior to the crisis

but stronger than that for the debt burden indicators also at the longer horizons

(Annex C, Table C1.C).
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Table@.@AMeasuresDf@Externaldmbalances.BeefAnnexBHorAullRable.

univariate Indicator Indicator Credit®oBGDPEap
Indicator Transformation |[AUC Logit@oeff. Cr Co N Logit®oeff. Logit®oeff. Cr Co N
Current@ccount@@GDP 0.34%** (0.05) [D.264*** (0.083) 22 26 1897 (@.199 (0.239)  9.149***  (1.689) 17 18 1305
3yBrowth 0.56  (0.03) @.le@7 (1.1eE5) 21 26 1613 |4.0em®6 (1.2em@5) 9.287***  (1.438) 17 18 1179
ly@rowth 0.60*** (0.03) 9.3el6 (1.0eE@5) 22 26 1804 [1.3e@6 (9.2efD6) 9.549***  (1.422) 17 18 1271
3y@ifference  [0.34%** (0.04) [D.352*** (0.122) 21 26 1614 |m.434 (0.306)  8.455%**  (1.621) 17 18 1179
ly@ifference  |0.39*** (0.03) E.272** (0.118) 22 26 1805 |M.516**  (0.219) 9.231*** (1.386) 17 18 1271

Robust@tandard®rrorsEdjustedforlusteringBre@eporteddn®he@arentheses B, **@ndEF**@ndicateBtatisticalBignificance@thel 0@, BB ndA B evel .
Evaluationfhorizon@sFlRoBHyears ILCBEroup'skrisis@atasetdsfised BtatisticalBignificance@ndlarger | AUCR.5 |AndicatesetterBerformance.
CriAs@hethumber®fErises,@oAs®hethumber@®f@ountries, NAs@hefhumber®fbservations.

4.4 Measures of external imbalances

All the external imbalance indicators have quite low if any indicative power within
the Detken et al. crisis dataset. Initially we find that with quite low indicative
power only the 1 year difference in the current account to GDP ratio is statistically
significant both alone and in the joint evaluation with the credit-to-GDP gap. Taken
alone, the level and 3 year difference in the current account to GDP ratio had the
best indicative power yet they are not statistically significant with the credit-to-GDP
gap.

The indicative power of the absolute changes in the current account to GDP
ratio is robust against using the alternative crisis datasets, and while not statistically
significant in the joint evaluation with the credit-to-GDP gap, the logit coefficient
of the indicator has the right sign in all cases. These indicators perform better for

short-horizons up to 2 years before the onset of crisis (Annex C, Table C1.D).

4.5 Measures of potential mispricing of risk

The level of high-yield spread in euro denominated corporate bond markets and VIX
index and its various transformations have quite high indicative power and are statis-
tically significant in the joint evaluation with the credit-to-GDP gap. In both cases
the sign of the coefficient is negative, meaning that lower spread or lower volatility
indicates increased risk of banking crisis. Also the country specific household and
corporate lending margins have negative sign coefficients and some indicative power.
However, the data series is quite short and the number of crises is below 10. Coun-
try specific stock market based indicators have some but generally not quite high
indicative power. Increase in market index return or bank index return, and de-

crease in P/E ratio or dividend yield, while having quite weak indicative power, are
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Table®.Measures®Dfipotential@nispricing®fisk.SeefAnnexBHorHull@able.

univariate Indicator Indicator Credit®oBGDPEap
Indicator Transformation [AUC Logit@oeff. Cr Co N Logit®@oeff. Logit@oeff. Cr Co N
Stock@narketfindex 3y@rowth 0.67*** (0.04) 4.0e@3** (2.0e@3) 14 14 971 |[7.8e@3*** (2.6e@3) 10.028*** (1.661) 14 13 920
BankBtockAndex 3y@rowth 0.62**  (0.05) 3.5e3* (2.1eM3) 16 13 1009 [7.0eP3*** (2.5e3) 8.834*** (1.271) 16 13 1009
NFCHendingnargin 3y@ifference  [0.31** (0.08) ER.505*** (0.816) 10 19 187 |E.752*** (0.960) 7.785*** (2.561) 8 16 167
HighByield@orporatelondBpread 0.20%** (0.04) P4.3eE3***(1.5eM3) 16 28 1066 |B.4eED3** (2.3eE3) 7.506*** (1.584) 12 18 623
3yBrowth 0.41%** (0.03) BV.1eED3***(2.0e@3) 14 28 770 |M@.013*** (0.003) 7.726*** (1.613) 10 18 457
ly@rowth 0.45%** (0.02) [.4eM3***(1.3e@3) 15 28 971 |Bb.1eM3*** (1.6eM3) 7.412*** (1.530) 11 18 573
3y@ifference  |0.43*** (0.03) PA.1eM4** (1.6efD4) 14 28 770 |BB.3eM4*** (3.0em4) 7.097*** (1.541) 10 18 457
CBOEWolatilityEndexgVIX) 0.29%%* (0.03) [D.123*** (0.029) 29 28 2232 [@.116*** (0.028) 9.610*** (1.770) 18 18 1183
3yBrowth 0.32%** (0.05) [.013** (0.006) 27 28 1908 |m.015* (0.009)  8.140%** (1.361) 16 18 1027
3y@iifference  |0.33*** (0.05) @.070*** (0.022) 27 28 1908 |@.085*** (0.031)  8.186*** (1.375) 16 18 1027
trend@ap 0.31*** (0.05) [.108*** (0.034) 25 28 1737 [@.124***  (0.045) 7.495%**  (1.278) 15 18 953
German@ybill 3yBrowth 0.59*  (0.05) 5.8eE3** (2.7e@3) 30 28 2423 [9.4eED3*** (2.6eED3) 8.700*** (1.328) 19 18 1276
1yBrowth 0.64** (0.05) 0.017*** (0.005) 30 28 2639 [0.027***  (0.004) 9.255*** (1.489) 19 18 1380
ly@ifference  |0.63** (0.05) 0.286**  (0.125) 30 28 2639 |0.627***  (0.107) 9.419*** (1.459) 19 18 1380
GermanBmbbill ly@rowth 0.60**  (0.04) 6.0eE3** (2.8ef3) 30 28 3071 [0.014***  (0.002)  10.325*** (1.571) 19 18 1588
USALy[Ebill 3y@rowth 0.72*** (0.05) 8.0e3*** (1.4elD3) 30 28 2423 |8.9eP3*** (1.8e@3) 8.906*** (1.603) 19 18 1276
lyBrowth 0.61%** (0.03) 6.4eE3*** (2.2¢@3) 30 28 2639 |7.7eM3** (3.0eE3) 8.985*** (1.248) 19 18 1380
3y@ifference  [0.71*** (0.05) 0.298*** (0.087) 30 28 2423 [0.361***  (0.109) 9.189*** (1.681) 19 18 1276
ly@ifference  |0.61*** (0.03) 0.209*** (0.060) 30 28 2639 |0.309***  (0.116)  9.243*** (1.379) 19 18 1380
trend@ap 0.67*** (0.05) 0.405%* (0.166) 29 28 2232 [0.745***  (0.255)  10.470*** (2.144) 18 18 1183
USEmEEbill 3y@rowth 0.71%%* (0.05) 7.3eD3*** (1.2e3) 30 28 2855 |7.7eE3*** (1.6e@3) 9.361*** (1.778) 19 18 1484
lyBrowth 0.62%** (0.04) 7.9eE3*** (2.3e@3) 30 28 3071 [9.4e3*** (3.0ef3) 9.865*** (1.543) 19 18 1588
3y@ifference  [0.68*** (0.05) 0.144*** (0.039) 30 28 2855 [0.190***  (0.056) 9.846*** (1.634) 19 18 1484
lymifference  |0.61*** (0.03) 0.093*** (0.028) 30 28 3071 |0.170***  (0.054)  10.142*** (1.525) 19 18 1588
trend@ap 0.72*** (0.04) 0.458*** (0.127) 30 28 2666 [0.516***  (0.183)  8.880*** (1.536) 19 18 1393

Robusttandardierrorsdjusteddortlusteringareeportediniheparentheses &, *@nda*andicateB tatisticalSignificance theal 0% Bacanda B evel.
et s Tt oo oot e
statistically significant in the joint evaluation with credit-to-GDP gap. For these in-
dicators the 3 year changes tend to be more informative than 1 year changes. Last,
the category included US and German government bond yields. The level of the
bond yields typically have some indicative power with negative coefficient but are
mostly not statistically significant when evaluated jointly with the credit-to-GDP
gap. This result is associated with the long-term trend of declining interest rates,
which coincides with the long-term trend of debt accumulation and the long-term
trend of increasing number of banking crises. The changes in the shorter term US
Treasure bill rates have indicative power similar or better than the country specific
stock market indicators. The sign of the logit coefficient is positive, which indi-
cates that the increases in the shorter term US rates have historically preceded the
banking crises in EU.

The results of indicators of potential mispricing of risk are generally robust and
stronger with the alternative crisis datasets. Euro denominated corporate bond high-
yield spread and VIX index and its various transformations become very strong
indicators with the HoR and LV crisis datasets. Results for stock market based
indicators become a little stronger but their indicative power remains quite weak.

Results for corporate and household lending margins and for government bond yields
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become a little stronger. The differences with respect to the Detken et al. crisis
dataset are likely related to their adjustments of the crisis dataset to reflect the
domestic credit cycle developments.

The high-yield corporate bond spread and VIX index have better indicative
power in longer horizons 2 to 4 years prior to the crisis. In contrast, stock market
variables perform at their best 1 to 2 years prior to the crisis and US/German short-
term government yields 1 to 3 year prior to the crisis (Annex C, Table C1.E). The
results for VIX index generally hold if the global financial crisis (and the preceding
pre-crisis quarters) are excluded from the sample. The same is true for the high-
yield corporate bond spread, however in the latter case the number of observations

and crises becomes very low due to the shorter data series.

4.6 Measures of strength of bank balance sheets

Table®.MeasuresDfthe@trength®DfankEalance@heets.@BeeAnnex@BForFullZable.

univariate Indicator Indicator Credit®oA5DPEap
Indicator Transformation [AUC Logit@oeff. Cr Co N Logit®@oeff. Logit®@oeff. Cr Co N
Leveragelatio 0.38 (0.08) m@.179 (0.124) 14 26 719 |m®.170 (0.186)  6.197***  (1.568) 12 18 563
3yBrowth 0.33**  (0.08) E@.044*  (0.024) 12 25 444 |D.024 (0.022)  5.592*** (1.930) 10 18 380
1y@Browth 0.41*  (0.05) E@.032 (0.023) 13 26 628 |W.6e@3  (2.4e2) 6.405*** (1.679) 11 18 504
3ymifference  |0.34**  (0.07) [.380 (0.235) 12 25 444 (™.185 (0.236)  5.828*** (1.797) 10 18 380
ly@ifference  [0.41*  (0.05) m.357 (0.220) 13 26 628 |M.086 (0.298)  6.426*** (1.634) 11 18 504
Loans@i@eposits 0.67*  (0.07) 0.011*** (0.003) 12 26 537 |7.0e@3 (4.9e@3) 5.903*** (1.437) 10 18 405
1yBrowth 0.55 (0.07) 0.018 (0.030) 12 26 446 |m.034 (0.048)  7.009*** (1.594) 10 18 347
ly®ifference  |0.59 (0.07) 0.039 (0.027) 12 26 446 |.7eR03 (3.8e@2) 6.845***  (1.651) 10 18 347
Total@ssetsHEEDP 0.56 (0.08) ®.037 (0.041) 14 21 759 (@.047 (0.051) 7.210%**  (1.437) 13 18 654
3yBrowth 0.67** (0.07) 0.029**  (0.012) 12 20 526 |4.9e@3 (1.8eM2) 6.246%** (2.036) 11 18 489
1yBrowth 0.69*** (0.05) 0.067*** (0.022) 13 21 678 |[0.027 (0.029)  6.327*** (1.552) 12 18 597
3yBifference  |0.59 (0.08) 0.095 (0.280) 12 20 526 |m@.197 (0.285)  7.063***  (1.966) 11 18 489
ly@ifference  |0.65*** (0.05) 0.240 (0.370) 13 21 678 |M.129 (0.373)  6.906***  (1.594) 12 18 597

RobustBtandard@rrorsEdjusteddorilustering@re@eportedd@n@heiarentheses B, **@ndF**@ndicateBtatisticalBignificancefthef 0, BB ndA DA evel .
Evaluationthorizon@sARo@BHears ALCBBroup'sErisis@atasetdsfsed.BtatisticalBignificance@nd@arger | AUCR.5 |Andicatesfetter@erformance.
CriAs@hethumber@®ftrises,oAs®Ehefhumber®f@ountries, NAsRhefhumber®fbservations.

While some of the indicators of strength of bank balance sheets perform rea-
sonably well alone, none of the indicators is statistically significant in the joint
evaluation with the credit-to-GDP gap when using the Detken et al. (2014) crisis
dataset. Part of the difficulty arises from the short time series that are available,
and another difficulty is related to the indicator category itself in the sense that the
strength of bank balance sheet is difficult to measure until the losses materialize. For
the HoR and LV crisis datasets the category performed notably better, and hence
for this category we directly report the results that are most consistent across all

the crisis datasets (see Annex B, Tables B2.F and B3.F).
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The level of leverage ratio has a quite weak indicative power but it is statistically
highly significant with the alternative crisis datasets, also in the joint evaluation with
the credit-to-GDP gap. The transformations of leverage ratio perform weaker but
have at least the correct sign. The level of loans to deposits ratio has a statistically
significant positive sign and indicative power similar to the leverage ratio. There
is also similar weak evidence in support of the changes in total assets to GDP
ratio. The robustness checks with alternative crisis datasets suggest that also the
indicators related to cross border loans to GDP ratio could signal banking crises.
In particular, the level and differences in both the own currency cross border loans
to GDP ratio and foreign currency cross border loans to GDP ratio have strong
indicative power with the LV crisis dataset and also some indicative power with the
HoR crisis dataset. For the remaining indicators that measure non-core liabilities
and short-term liabilities relative to liquid assets, there are some encouraging results,

however the amount of crises and observations is rather low.

5 Interpretation of the indicators to guide policy

So far we identified EWIs for the policy maker to monitor in order to detect if vul-
nerability towards systemic banking crisis has increased. However, it is not enough
for the policy maker to know which indicators are good EWIs for crisis, but they
also need to know how to interpret these EWIs, i.e. what different levels of EWIs
mean e.g. in terms of probability of a crisis over a pre-specified horizon.

For most of the EWIs the interpretation is clear in the sense that the higher
(or lower, but not both) the value of the indicator, the more likely it is that the
economy is in a credit driven boom and crisis probability is increasing. However,
the policy maker also has to decide at which level of the EWI (threshold level) the
signal given by the EWI is strong enough in terms of the cost-benefit trade-off of
policy actions, i.e. based on given signals of the EWIs, when can the policy maker
be sure enough that the economy is vulnerable in order to execute the policy action
which would mitigate the potential crisis but also come with costs to the economy
(Drehmann and Juselius, 2014). Using a more strict threshold leads to more missed

crises and less false alarms.
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Perhaps the simplest way to apply an EWI is to look at the historical or cross-
country statistical distributions of the indicator. One can e.g. compute percentiles
of the EWI over time or across countries, or even a combination of the time and
cross-section dimensions. This shows whether the level of the EWI is high compared
to its own history or compared to the situation in other countries. The present value
of an EWI can also be compared to the evolution of EWI values around banking
crises and tranquil periods, as is also illustrated in Annex D for some of the EWIs.
While this kind of analysis may serve as a starting point, it does not provide definite
guidance on which levels of EWIs should be considered alarming. Hence, they should
only be used as a trigger for more in-depth assessment and discussion instead of as
a trigger for policy action.

Perhaps the most common way of identifying threshold values for EWIs is to
derive them based on policy maker’s preferences with respect to false alarms and
missed crises (e.g. Drehmann et al., 2010, 2011; Alessi and Detken, 2011; Behn et
al., 2013; Detken et al., 2014). In these methods one makes an assumption about
the policy maker’s preferences in order to identify the thresholds, e.g. by assuming
which is the optimal noise-to-signal ratio or a specific formula for policy maker’s loss
function with respect to missed crises and false alarms.

Given that it is very difficult to assess the expected costs and benefits of macro-
prudential policy, it is also very difficult to specify the optimal trade-off. Hence,
the assumptions made about the policy maker’s preferences might be arbitrary. To
address this issue, Ferrari and Pirovano (2015) present a novel methodology for
determining thresholds that is based on moments of an indicator’s statistical dis-
tributions conditional on crisis periods and tranquil periods. Ferrari and Pirovano
(2015) show that their method performs as well as model based methods presented
above, but has the advantage of relying only on the empirical properties of the indi-
cators instead of making difficult assumptions about the policy maker’s preferences.

Many studies have suggested that multivariate models give better signals on fu-
ture crisis than univariate models. However, as Detken et al. (2014) show, deriving
thresholds from multivariate signaling models might be complicated, as some in-
dicators might signal crisis earlier than others and thus they might not work well

together. Also the data availability of the indicators vary and might have an effect
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on the results of the multivariate model. Hence, one could end up having counter-
intuitive thresholds for some indicators in the multivariate approach.

All in all, determining a threshold for an indicator is a delicate matter. Another
issue is related to the fact that thresholds derived from the pooled data set might not
be optimal for all the countries due to the differences in the political or institutional
settings in different countries. E.g. Ferrari and Pirovano (2015) showed that their
threshold method based on conditional moments works much better when taking
into account the country specificities. On the other hand, country-specific thresholds
might have higher uncertainty caused by fewer data.

EWISs can also be used without pre-determined thresholds. Taipalus (2012) and
Philips et al. (2013) have studied time-series properties of housing market and stock
market indicators and found that the time-series dynamics, such as stationarity or
growth rate, of the indicator changes when there is a price bubble. Hence, one could
consider signals derived from changes in the time-series dynamics of an indicator as
a complementary or alternative to the signals provided by the level of the indicator.

Given that there are significant uncertainties related to every potential method of
determining thresholds, one should use them carefully. Perhaps it would be wise to
aim for a wider interpretation of the indicators than aiming for one set of thresholds.
One could use different methods in order to get a comprehensive picture of all the
information provided by different indicators.

While more careful analysis on different threshold methods is outside the scope
of this work, we tabulate in Annex E statistics related to specific values of the
indicators. We report different percentiles of the indicators’ values during pre-crisis
periods together with the false positive rate (fraction of false alarms if the percentile
is viewed as a signaling threshold), false negative rates (fraction of missed crises if
the percentile is viewed as a signaling threshold), and the probability to be in a
vulnerable state if the indicator is at the percentile value. These numbers should be
helpful in considering what a given value of indicator means in the light of earlier
banking crises. However, none of this should be applied blindly as there may exist
country specific effects and issues related to exact data definitions.

The methods mentioned above focus on finding threshold values for the indicators

or other ways of signaling about the increase in the vulnerabilities in order to issue
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warning signals to policy makers. The policy makers would then take the warning
signals into account when practicing judgment about the level of the CCB. The
decision problem of the policy maker is to choose a suitable level of CCB within the
range 0-2.5 % given the current value of CCB and other prevailing conditions. In
addition to the values of the EWIs, the policy maker may take into account issues
such as other macroprudential instruments, state of the economy and monetary
policy.* According to CRD IV and the ESRB recommendation the authorities
should use guided discretion in setting the CCB rate. As a starting point the
authorities should use the methodology developed by BCBS to promote international
consistency. The BCBS guidance sets the CCB to 0 % if credit-to-GDP gap is below
2 %, and CCB to 2.5 % if credit-to-GDP gap is more than 10 %. If credit-to-GDP
gap is between 2 % and 10 %, the CCB is given by 0.3125GAP — 0.625.> BCBS
guidance is in a sense a reasonable ad-hoc solution to the complex decision problem.
As the guidance may at times be inappropriate, the policy maker needs to practice
judgment and take into account a range of quantitave and qualitative information
that indicates the buid-up of system-wide risk. The various approaches referenced
above to interpret the additional EWIs will help policy makers to practice this
judgment in setting the appropriate CCB rate.

6 Conclusions

We empirically identified a set of additional early warning indicators that satisfy
the policy requirements as laid down in the EU capital requirements directive (CRD
IV 2913/36/EU) and the ensuing ESRB recommendation that defines categories for
the indicators to be monitored. The empirical analysis is based on a panel data of
EU countries and 50 indicators motivated by conceptual reasoning or by previous
literature. As best EWIs we selected indicators able to distinguish between the tran-

quil and pre-crisis vulnerable state that also contain information on vulnerabilities

4 Other macroprudential instruments include loan-to-value limits of mortgages, risk weights,
buffers for systemically important institution, etc. To complicate matters further, policy maker may
simultaneously make decision on other macroprudential instruments, whose effect might amplify
or counter the impact of CCB.

15CCB is set quarterly between 0 % and 2.5 % of risk weighted assets calibrated in steps of 0.25
percentage points or multiples of 0.25 percentage points. In case CCB is increased, banks need
to satisfy the increased capital requirement in 12 months’ time, while a reduction in CCB applies
immediately.
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additional to what is captured by the primary indicator credit-to-GDP gap. Some
of the indicators and transformations have only marginal performance differences,
so we often recommend several indicators from one category.

Earlier literature has found private sector credit-to-GDP gap to be the best
single indicator in predicting banking crises. This is what we also find, while we
also find that the trend gap and various other transformations of household credit to
GDP ratio and bank credit to GDP ratio perform equally well. For the measures of
credit developments category we therefore recommend some transformation of the
household credit to GDP and bank credit to GDP to be used.

We recommend some transformations of household debt to income ratio and debt
service ratio to be used as an indicator in the private sector debt burden category.
The results also indicate that a simple interest expense to GDP ratio can work as a
useful indicator, so we recommend this type of proxy to be used if debt service ratio
is not available.

In the measures of potential overvaluation of property prices, we find that trans-
formations of the house price to income ratio outperform transformations of the
house price to rent ratio or real house prices, and we therefore recommend at least
some transformation of the house price to income ratio to be monitored.

In the measures of external imbalances category current account to GDP ratio
or its differences is the best indicator that we could find. However, this indicator is
redundant in the bivariate logit model with credit-to-GDP gap included.

Among measures of potential mispricing of risk, the high-yield spread in the euro
denominated corporate bond markets and VIX index were the most informative. In
addition to these risk measures of international securities markets, authorities may
wish to consider other indicators for risk pricing in the national securities market or
at the banks, such as stock market based indicators or banks’ household or corporate
lending margins that were found to be somewhat informative.

For the measures of strength of bank balance sheets category we find relatively
weak evidence in support of a number of indicators: leverage ratio, loans to deposits
ratio, total assets to GDP ratio and cross-border-loans to GDP ratio. The results
are most robust for the leverage ratio, and we recommend it to be used optionally

supported with other plausible indicators.
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Our work contributes to the existing literature in that we analyze a larger set of
potential indicators than any earlier study as the ESRB recommends indicators for
six very different categories to be monitored. Moreover, we evaluate the performance
of the indicators with the policy goal in mind, and stipulate that the indicators
should have forecasting power also when evaluated jointly with the primary indicator
credit-to-GDP gap. We also make careful robustness checks with alternative crisis
datasets and different pre-crisis horizons, which is not conducted in many of the
previous studies. To our best knowledge, our findings on the informativeness of VIX
and corporate bond high-yield spread are new to the banking crisis literature.

A number of issues should be kept in mind when applying our results. First,
while the results of the empirical analysis performed with panel data are more robust
than those obtained with analysis on individual countries, and while "this country
is different" thinking should be avoided,' we are selecting the best performing
indicators based on evidence for the average of all countries. Due to the potential
institutional or other country specificities or differences in the market structure,
some indicators might not work as well for some countries than for others. Therefore,
it might be optimal for some countries to select different indicators than those that
we propose if there is reason to believe that this country is not represented well
in the average set of countries. Second, due to the aim for analysing data for as
many countries as possible, we have used mainly public data sets. The national
authorities who monitor the indicators of their own country should of course use
the best available data. Nevertheless, we do believe that our results hold also for
the indicators computed with different data sets as long as they measure the same
vulnerabilities. Naturally, the threshold statistics given in Appendix E should be

used with care and may not be applicable if the used datasets differ.
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Annex A: Details of the banking crisis databases and pre-crisis
indicators.

Table Al. Banking crisis definitions of alternative datasets.

Dataset Banking crisis definition
ESCB Heads of Research, |Significant signs of financial distress in the banking system
Babecky et al. (2012) as evidenced by bank runs or losses (non-performing loans

above 20 % or bank closures amounting to at least 20 % of
banking system assets).

Detken et al. (2014) ESCB Heads of Research dataset amended with following
changes. Non-systemic banking crises and crises not
associated with credit cycle excluded. "Would be crisis"
added to periods where domestic developments related to
credit cycle could have caused a systemic banking crisis had
it not been for policy action or an external event that
dampened the financial cycle.

Laeven & Valencia (2012)|A banking crisis is defined as systemic if two conditions are
met: 1) Significant signs of financial distress in the banking
system (as indicated by significant bank runs, losses in the
banking system, and/or bank liquidations) 2) Significant
banking policy intervention measures in response to
significant losses in the banking system.

Reinhart & Rogoff (2010) [Two types of events:

(i) bank runs that lead to the closure, merging, or takeover
by the public sector of one or more financial institutions; or
(ii) if there are no runs, the closure, merging, takeover, or
large-scale government assistance of an important financial
institution (or group of institutions) that marks the start of a
string of similar outcomes for other financial institutions.




Table Al. Definitions of the banking crisis periods in various datasets.

ESCB Heads of

Research ESRB CCB Group Laeven & Valencia [Reinhart & Rogoff
Country Start End Start End Start End Start End Code

Austria 2008Q1 2008Q4 2008M9 |2010* 2008 2010 AT
Belgium 2008Q1 2008Q4 2008M9 |2010* 2008 2010 BE
Bulgaria 1971Q1 (1971Q2 excluded BG
1994Q1 (199704 |1995Q2 |1997Q4 [1996M1 |1997 BG
2004Q4**(2007Q2 BG

Croatia 1998Q1 |2000Q2 ([1998M3 (1999 excluded HR
Cyprus 2012Q2***2012Q4* [2012Q2 |2012Q4* [excluded |excluded [excluded cy
Czech Republic [1991Q1 ([1991Q4 excluded Ccz
1994Q1 (200004 |1998Q1 |2002Q2 [1996M6 |2000 CZ

Denmark 1987Q1 (199304 |1987Q1 ([1993Q4 1987 1992 DK
2008Q1 2010Q4 |2008Q3 |2012Q4* (2008M9 |2010* 2008 2010 DK

Estonia 1992Q1 1995Q4 1992M11 |1994 excluded EE
1998Q1 (199804 [1998Q2 [1998Q4 EE

Finland 1991Q1 [1995Q4 |1991Q3 |1995Q4 [1991M9 |1995 1991 1994 Fl
France 1994Q1 [1995Q4 [1993Q3 |1995Q4 1994 1995 FR
2008Q1 |2009Q4 [2008Q3 |2012Q4* [2008M9 |2010* 2008 2010 FR

Germany 1974Q2 [1974Q4 1977 1979 DE
1977Q1 197904 DE

2000Q1 (200304 DE

2008Q1 2008Q4 2008M9 |2010* 2008 2010 DE

Greece 1991Q1 199504 1991 1995 GR
2008Q1 2010Q4 |2008Q1 |2012Q4* (2008M8 |2010* 2008 2010 GR
Hungary 1991Q1 199504 1991M9 1995 1991 1995 HU
2008Q1 |2009Q2 (2008Q3 |2012Q4* [2008M9 |2010* 2008 2010 HU

Ireland 1985Q1 [1985Q1 IE
2007Q1 |2010Q4 |2008Q3 |2012Q4* [2008M9 |2010* 2007 2010 IE

Italy 1990Q1 [1995Q4 [1994Q1 |[1995Q4 1990 1995 IT
2008M9 |2010* IT

Latvia 1995Q1 (2003Q4 1995M4 |1996 excluded Lv
2008Q1 200804 [(2008Q4 |2010Q3 |2008M9 (2010* LV

Lithuania 1995Q1 1996Q4 11995Q1 [1996Q4 [1995M12 |1996 excluded LT
2009Q1 200904 (200804 |2010Q4 LT

Luxembourg 2008Q1 |2010Q4 2008M9 |2010* excluded LU
Netherlands 2002Q1**(2003Q4 NL
2008Q1 |2008Q4 [2008Q3 |2012Q4* [2008M9 |2010* 2008 2010 NL

Poland 1991Q1 [1994Q4 1992 1994 1991 1995 PL
Portugal 1999Q1**|2000Q1 PT
2008Q1 |2008Q4 [2008Q4 |2012Q4* [2008M9 |2010* 2008 2010 PT

Romania 1990Q1 [1999Q4 1990 1992 1990 1999 RO
1997Q2 |1999Q1 RO

Slovak Republic (1991Q1 |2002Q4 1998 2002 excluded SK
Slovenia 1992Q1 (1994Q4 |1992Q1 ([1994Q4 |1992 1992 excluded Sl
2008Q1 200804 (2008Q1 |2012Q4* [2008M9 |2010* Sl

Spain 1977Q1 [1985Q4 |1978Q1 ([1985Q3 |1977 1981 1977 1985 ES
2008Q1 |2008Q4 [2009Q2 |2012Q4 (2008M9 |2010* 2008 2010 ES

Sweden 1990Q3 [1995Q4 |1990Q3 (1993Q4 [1991M9 (1995 1991 1994 SE
2008Q1 |2008Q4 [2008Q3 |201004 (2008M9 |2010* SE

United Kingdom |1974Q1 1976Q4 |1973Q4 |1975Q4 1974 1976 UK
1984Q1 198404 1984 1984 UK

1991Q1 1995Q4 |1990Q3 (1994Q2 1991 1991 UK

2007Q1 |2007Q4 1995 1995 UK

2007Q3 (2012Q4* |2007M9 |[2010* 2007 2009 UK




Figure Al. lllustration of the pre-crisis periods for the 1 to 3 year horizon evaluation for Detken
et al. crisis dataset.

|:|= tranquil period |:|= pre-crisis period - = crisis period |:|= other excluded period
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Figure A2. lllustration of the constructed pre-crisis variable for the evaluation with rolling pre-
crisis window for the case of ESRB CCB Group crisis database and the forecast horizon equal to
11 quarters. 5 years of data prior to the crisis is excluded except for the one quarter 11
quarters before the crisis. Only those crises are utilized for which there is at least 20 quarters
of indicator data prior to the crisis and the data does not overlap with other crises during that
period.
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Annex B: Full evaluation results with all crisis datasets.

The transformations of indicators presented in the tables are defined as follows:
‘3y growth’ is calculated as 100 (x; — X;_12)/X¢—12-

‘ly growth’ is calculated as 100 (x; — Xp_4)/X¢—4-

‘3y difference’ is calculated as x; — x¢_1,.

‘ly difference’ is calculated as x; — x;_4.

‘trend gap’ is calculated as x; — trend;, where the trend is calculated using one-sided Hodrick-Prescott filter with
smoothing parameter A = 400,000.

‘relative gap’ is calculated as 100 x;/trend;, where the trend is calculated using one-sided Hodrick-Prescott filter
with smoothing parameter A = 400,000.

‘S5y m.a. gap’ is the deviation from the 5 year moving average calculated as x; — Zilzo X¢_i/20.

‘m.a. gap’ is the deviation from the recursive mean calculated as x; — Z§=t0 xs/(t — tg + 1), where ¢, is the time of
first observation.

‘1y diff. / 5y m.a.’ refers to the one-year difference in credit divided by 5 year moving average GDP, and it is
calculated as (C; — Cy_4)/ Y120 GDP,_;/20, where C is the credit aggregate variable.



Table B1. All early-warning evaluation results for each indicator category with Detken et al. (2014) crisis dataset.
Evaluation horizon is 1 to 3 years. Statistical significance and larger | AUC-0.5| indicates better performance. pR2 is
pseudo R2, Cr is the number of crises, Co is the number of countries, N is the number of observations.

Panel A: Measures of credit developments, Detken et al. crisis dataset

univariate Indicator bivariate Indicator Credit-to-GDP gap
Indicator Transformation AUC Logit coeff. pR2 Cr Co N AUC Logit coeff. Logit coeff. pR2 Cr Co N
Total credit (real) 3y growth 0.68*** (0.04) 0.018** (0.009) 0.030 12 15 1182 (0.83*** (0.03) -0.011 (0.009)  9.681%** (1.421) 0.172 12 15 1147
1y growth 0.69%** (0.03) 0.034 (0.027) 0.018 14 15 1274 |0.81*** (0.04) 8.0e-03 (1.3e-02) 8.213***  (1.045) 0.157 13 15 1194
relative gap 0.76*** (0.04) 0.058***  (0.016) 0.081 12 15 1108 |0.82*** (0.03) 0.016 (0.024)  7.574*** (1.669) 0.169 12 15 1108
Total bank credit (real) 3y growth 0.74*** (0.03) 0.022*** (0.008) 0.056 12 15 1163 |0.82*** (0.03) 3.5e-03 (5.4e-03) 8.205***  (1.209) 0.168 12 15 1135
1y growth 0.70*** (0.05) 0.037 (0.029)  0.023 14 15 1255 [0.81*** (0.03) 0.016 (0.010)  8.014*** (1.038) 0.160 13 15 1190
relative gap 0.79*** (0.05) 0.043*** (0.011) 0.078 12 15 1089 |0.83*** (0.03) 0.018 (0.017) 7.306*%**  (1.369) 0.173 12 15 1089
Household credit (real) 3y growth 0.71%*%* (0.05) 0.016%** (0.005) 0.041 12 15 884 |0.79*** (0.04) 6.6e-03* (3.6e-03) 7.815***  (1.057) 0.167 12 15 873
1y growth 0.65*** (0.04) 0.022* (0.012) 0.010 14 15 973 |0.78*** (0.04) 9.6e-03 (7.4e-03) 7.590***  (0.917) 0.144 13 15 937
relative gap 0.69** (0.07) 0.044***  (0.016) 0047 12 15 810 [0.79*** (0.03) 0.030** (0.015)  7.310*** (1.151) 0.160 12 15 810
Corporate credit (real) 3y growth 0.61* (0.05) 0.011 (0.011) 0.011 12 15 884 |0.83*** (0.04) -0.035***  (0.013) 11.613*** (1.705) 0.187 12 15 873
1y growth 0.70*** (0.04) 0.035 (0.035) 0.022 14 15 973 |0.79*** (0.03) 8.7e-03 (1.4e-02) 7.490*** (0.888) 0.144 13 15 937
relative gap 0.60**  (0.05) 0.030 (0.021)  0.013 12 15 810 [0.79*** (0.04) -0.039 (0.027)  9.713***  (1.828) 0.151 12 15 810
Total credit / GDP 0.73*** (0.05) 0.917* (0.502) 0.066 22 18 2132 |0.84*** (0.04) 0.381 (0.419) 8.459***  (1.657) 0.173 20 18 1803
3y growth 0.56 (0.06) 5.8e-03 (9.6e-03) 0.002 21 18 1916 [0.83*** (0.04) -8.4e-03  (1.6e-02) 10.249*** (2.140) 0.169 20 18 1803
1y growth 0.59* (0.05) 0.031 (0.024)  0.007 22 18 2060 |0.83*** (0.03) -7.9e-04 (3.5e-02) 9.888*** (1.976) 0.167 20 18 1803
3y difference 0.81%** (0.04) 3.038 (2.837) 0.064 21 18 1916 [0.83*** (0.03) -1.069 (1.350)  11.358*** (2.473) 0.169 20 18 1803
1y difference 0.79*** (0.04) 6.636 (6.839)  0.053 22 18 2060 |0.83*** (0.03) -0.643 (3.069) 10.254*** (2.280) 0.167 20 18 1803
trend gap 0.83*** (0.03) 9.875%** (1.657) 0.167 20 18 1803 |0.83*** (0.03) 9.875*** (1.657) 0.0e+00 () 0.167 20 18 1803
relative gap 0.73*** (0.04) 0.065*** (0.019)  0.075 20 18 1803 |0.83*** (0.03) 1.7e-03 (2.5e-02) 9.767***  (2.601) 0.167 20 18 1803
5y m.a. gap 0.81*** (0.04) 6.400 (5.221)  0.085 20 18 1803 |0.83*** (0.03) -1.036 (2.252) 10.812*** (2.492) 0.168 20 18 1803
m.a. gap 0.78*** (0.04) 2.668*** (0.450)  0.153 20 18 1803 |0.83*** (0.04) 1.390** (0.693) 6.087***  (1.889) 0.183 20 18 1803
1y diff. / S5y m.a. 0.79*** (0.05) 6.356 (6.497) 0.069 22 18 2072 |0.84*** (0.03) 2.823 (7.892) 8.091** (4.098) 0.171 20 18 1803
Total bank credit / GDP 0.74**%* (0.05) 2.817*** (0.556) 0.140 22 18 2100 |0.83*** (0.04) 1.919** (0.808) 6.148***  (1.830) 0.200 20 18 1803
3y growth 0.61* (0.07) 0.014 (0.011) 0.015 21 18 1884 |0.82*** (0.02) 1.9e-03 (1.4e-02) 9.732***  (2.070) 0.166 20 18 1785
1y growth 0.60**  (0.05) 0.040* (0.024) 0012 22 18 2028 [0.82*** (0.02) 0.019 (0.033)  9.612***  (1.889) 0.169 20 18 1799
3y difference 0.84*** (0.04) 10.687***  (2.615) 0.181 21 18 1884 |0.85*** (0.04) 6.657** (3.326) 4.480* (2.621) 0.185 20 18 1785
1y difference 0.77%%* (0.05) 21.925***  (5.574)  0.143 22 18 2028 [0.84*** (0.03) 11.444 (7.452)  6.198***  (2.279) 0.183 20 18 1799
trend gap 0.83*** (0.03) 12.800%**  (2.724) 0.172 20 18 1771 |0.84*** (0.03) 7.492* (4.530)  4.756 (3.220) 0.178 20 18 1771
relative gap 0.74*** (0.04) 0.061*** (0.013) 0.091 20 18 1771 |0.82*** (0.03) 0.014 (0.022) 8.772*%**  (2.460) 0.168 20 18 1771
5y m.a. gap 0.84*** (0.04) 16.075***  (4.065) 0.179 20 18 1771 |0.85*** (0.04) 10.516* (5.409)  4.258 (2.712) 0.186 20 18 1771
m.a. gap 0.80*** (0.05) 4.858*** (0.976) 0.192 20 18 1771 |0.84*** (0.04) 3.440*** (1.252) 4.276%* (2.059) 0.205 20 18 1771
1y diff. / 5y m.a. 0.80*** (0.05) 19.686***  (5.559) 0.169 22 18 2040 |0.85*** (0.04) 14.634* (7.671)  4.301**  (1.915) 0.202 20 18 1799
Total household credit / GDP 0.72%*%* (0.04) 3.576%** (0.696) 0.128 20 18 1453 |0.85*** (0.02) 2.833*** (0.901) 6.574***  (1.638) 0.227 18 18 1335
3y growth 0.60*  (0.06) 2.4e-03 (3.0e-03) 0.002 18 18 1255 [0.83*** (0.03) -8.0e-04  (5.1e-03) 9.943*** (1.555) 0.179 18 18 1226
1y growth 0.57 (0.05) 1.8e-04 (9.5e-03) 0.000 20 18 1385 |0.84*** (0.02) -0.013 (0.021) 9.754***  (1.449) 0.177 18 18 1299
3y difference 0.85%** (0.03) 20.652***  (2.497) 0.266 18 18 1255 |0.85*** (0.03) 19.135***  (4.442)  1.093 (2.743) 0.262 18 18 1226
1y difference 0.79*** (0.04) 39.528***  (5.554) 0.163 20 18 1385 |0.85*** (0.02) 26.071** (11.659)  5.165** (2.095) 0.205 18 18 1299
trend gap 0.83*** (0.03) 25.078*** (5.306) 0.171 18 18 1150 |0.85*** (0.03) 15.470** (7.005) 5.442%* (2.192) 0.194 18 18 1150
relative gap 0.70*** (0.05) 0.046***  (0.014) 0.053 18 18 1150 |0.81*** (0.03) 0.016 (0.017)  9.129%**  (2.021) 0.170 18 18 1150
5y m.a. gap 0.85*** (0.03) 32.379*** (4.017) 0.246 18 18 1150 |0.85*** (0.03) 30.736***  (7.225) 0.831 (2.820) 0.246 18 18 1150
m.a. gap 0.82*** (0.03) 8.082***  (1.319) 0.189 18 18 1150 |0.87*** (0.02) 5.686***  (1.354)  5.534*** (2,060) 0.224 18 18 1150
1y diff. / S5y m.a. 0.80*** (0.04) 35.140*** (6.487) 0.202 20 18 1389 |0.86*** (0.03) 29.554***  (10.341) 3.976** (1.858) 0.244 18 18 1299
Total corporate credit / GDP 0.72%** (0.04) 0.639 (0.513)  0.021 19 18 1441 [0.82*** (0.02) -0.279 (0.584)  10.258*** (1.930) 0.177 18 18 1335
3y growth 0.57 (0.05) 7.4e-03 (8.5e-03) 0.004 18 18 1243 |0.84*** (0.03) -0.021* (0.013) 11.330*** (1.569) 0.191 18 18 1214
1y growth 0.64%** (0.04) 0.047** (0.021) 0.022 19 18 1373 [0.83*** (0.03) 3.1e-03 (2.5e-02) 9.547***  (1.293) 0.175 18 18 1295
3y difference 0.67*** (0.05) 1.525 (1.558)  0.014 18 18 1243 [0.84*** (0.04) -10.443**  (5.066)  17.958*** (4.324) 0.221 18 18 1214
1y difference 0.76*** (0.03) 3.885 (5.010) 0.021 19 18 1373 |0.83*** (0.02) -2.847 (1.837) 10.865*** (1.696) 0.181 18 18 1295
trend gap 0.68*** (0.05) 8.066***  (3.024) 0.049 18 18 1131 |0.86*** (0.03) -24.712*** (5.174)  23.896*** (3.599) 0.245 18 18 1131
relative gap 0.66*** (0.05) 0.068*** (0.018) 0.054 18 18 1131 |0.82*** (0.03) -0.067** (0.033) 14.041*** (2.196) 0.181 18 18 1131
5y m.a. gap 0.69*** (0.04) 9.357***  (3.339) 0.064 18 18 1131 |0.82*** (0.03) -12.229*  (7.108)  16.033*** (4.237) 0.186 18 18 1131
m.a. gap 0.71*** (0.05) 2.550** (1.256)  0.044 18 18 1131 |0.80*** (0.03) -0.938 (1.535) 11.062*** (2.683) 0.167 18 18 1131
1y diff. / 5y m.a. 0.79*** (0.03) 3.975 (6.389) 0.027 19 18 1377 [0.83*** (0.02) -0.976 (1.728)  10.095*** (1.529) 0.176 18 18 1295

Robust standard errors adjusted for clustering are reported in the parentheses. *,** and *** indicate statistical significance at the 10%, 5% and 1 %-level.



Panel B: Measures of private sector debt burden, Detken et al. crisis dataset

univariate Indicator bivariate Indicator Credit-to-GDP gap
Indicator Transformation AUC Logit coeff. pR2 Cr Co N AUC Logit coeff. Logit coeff. pR2 Cr Co N
Household credit / Gross disposable income 0.69*%** (0.05) 5.5e-04*** (7.9e-05) 0.033 15 11 1091 |0.82*** (0.03) 5.8e-04*** (1.1e-04) 9.521***  (1.343) 0.214 15 11 1089
3y growth 0.78*** (0.05) 0.078*** (0.019) 0.167 15 11 975 |[0.82*** (0.04) 0.048* (0.028) 6.723***  (1.841) 0.219 15 11 975
1y growth 0.71*** (0.04) 0.160*** (0.032)  0.090 15 11 1055 |0.82*** (0.03) 0.076 (0.053) 8.131***  (1.444) 0.195 15 11 1055
3y difference 0.79*** (0.05) 2.6e-03*** (3.0e-04) 0.042 15 11 975 [0.82*** (0.03) 2.5e-03*** (4.4e-04) 9.371*** (1.462) 0.218 15 11 975
1y difference 0.78*** (0.04) 6.5e-03*** (8.0e-04) 0.031 15 11 1055 [0.83*** (0.03) 6.3e-03*** (1.2e-03) 9.403***  (1.353) 0.209 15 11 1055
trend gap 0.82*** (0.04) 4.5e-03*** (4.6e-04) 0.048 15 11 905 [0.81*** (0.04) 4.1e-03*** (7.3e-04) 8.828*** (1.509) 0.198 15 11 905
relative gap 0.78*** (0.05) 0.096*** (0.030) 0.126 15 11 905 |0.82*** (0.04) 0.061 (0.039) 6.667***  (1.794) 0.190 15 11 905
Sy m.a. gap 0.80*** (0.05) 4.0e-03*** (4.9e-04) 0.041 15 11 905 [0.80*** (0.03) 3.8e-03*** (7.4e-04) 8.926*** (1.550) 0.193 15 11 905
m.a. gap 0.77*** (0.05) 1.3e-03*** (1.3e-04) 0.046 15 11 905 [0.81*** (0.04) 1.2e-03*** (2.0e-04) 8.918*** (1.552) 0.198 15 11 905
Debt-service-ratio (BIS) 0.72*** (0.04) 0.062 (0.041)  0.030 16 12 1333 |0.82*** (0.03) 0.017 (0.030) 9.436***  (1.749) 0.154 16 12 1295
3y growth 0.62**  (0.06) 0.028** (0.014)  0.029 16 12 1201 |0.82*** (0.03) -1.2e-03 (1.6e-02) 9.486*** (2.093) 0.146 16 12 1187
1y growth 0.71%** (0.04) 0.104*** (0.025) 0.073 16 12 1289 (0.80*** (0.03) 0.069*** (0.022) 8.572***  (1.950) 0.175 16 12 1259
3y difference 0.63**  (0.06) 0.185* (0.095) 0.038 16 12 1201 [0.81*** (0.03) 9.6e-03 (6.6e-02) 9.281***  (2.039) 0.146 16 12 1187
1y difference 0.73*** (0.04) 0.573*** (0.217)  0.086 16 12 1289 (0.80*** (0.03) 0.329** (0.148) 8.306***  (1.882) 0.176 16 12 1259
trend gap 0.70*** (0.05) 0.242*** (0.078)  0.068 16 12 1124 |0.81*** (0.03) -1.0e-02 (1.2e-01) 9.301***  (3.093) 0.142 16 12 1124
relative gap 0.70%** (0.05) 0.049*** (0.014) 0.067 16 12 1124 |0.81*** (0.03) -5.3e-03 (2.7e-02) 9.602***  (3.255) 0.142 16 12 1124
Sy m.a. gap 0.67*** (0.05) 0.399*** (0.144)  0.068 16 12 1124 |0.79*** (0.03) 0.125 (0.157) 8.113***  (2.148) 0.147 16 12 1124
m.a. gap 0.65*  (0.08) 0.134 (0.118)  0.033 16 12 1124 [0.80*** (0.03) 0.054 (0.077)  8.729*** (1.676) 0.148 16 12 1124
Debt-service-ratio (ESRB) 0.61**  (0.05) 1.817** (0.715)  0.014 26 26 2280 [0.82*** (0.03) 2.147*** (0.439) 9.435%**  (1.681) 0.182 19 17 1536
3y growth 0.74*** (0.03) 0.020%**  (0.006) 0.058 23 25 1989 (0.81*** (0.02) 0.029***  (0.010)  7.560*** (1.935) 0.180 19 17 1476
1y growth 0.75*** (0.02) 0.049** (0.022) 0.049 25 26 2185 [0.82*** (0.02) 0.075*** (0.026) 7.889***  (1.768) 0.191 19 17 1516
3y difference 0.77*** (0.03) 23.761** (10.510) 0.093 23 25 1989 (0.82*** (0.03) 11.411** (5.208) 7.859***  (1.868) 0.181 19 17 1476
1y difference 0.79*** (0.02) 54.819***  (15.797) 0.109 25 26 2185 [0.84*** (0.03) 40.935***  (11.498) 7.604*** (1.768) 0.216 19 17 1516
trend gap 0.73*** (0.04) 35.962***  (10.662) 0.103 21 22 1837 [0.80*** (0.03) 13.601** (6.615) 6.953***  (1.940) 0.156 18 16 1441
relative gap 0.71%** (0.04) 0.032** (0.015)  0.046 21 22 1837 (0.81*** (0.03) 9.2e-03 (1.9e-02) 8.229%**  (2.306) 0.145 18 16 1441
Sy m.a. gap 0.78*** (0.03) 38.657** (15.504) 0.107 21 22 1837 [0.81*** (0.03) 23.129** (9.272) 6.895***  (1.797) 0.176 18 16 1441
m.a. gap 0.73*** (0.04) 15.981***  (4.464) 0.091 21 22 1837 [0.83*** (0.03) 11.615***  (2.813) 7.474***  (1.790) 0.187 18 16 1441
Corporate debt-service-ratio (ESRB) 0.61 (0.08) 0.762 (1.164) 0.004 18 25 1081 (0.80*** (0.04) -0.495 (1.676) 8.546%**  (1.592) 0.171 14 16 890
3y growth 0.71*** (0.05) 0.039***  (0.011) 0.102 14 23 817 [0.78*** (0.05) 0.010 (0.015)  7.253*** (1.870) 0.175 12 16 757
1y growth 0.74*** (0.04) 0.073*** (0.022) 0.088 17 25 990 (0.80*** (0.04) 0.048** (0.021) 6.833***  (1.176) 0.189 13 16 844
3y difference 0.72*** (0.06) 5.525 (4.643) 0.041 14 23 817 [0.79*** (0.05) -0.339 (3.053)  8256*** (1.818) 0.172 12 16 757
1y difference 0.74*** (0.04) 9.433 (7.085)  0.032 17 25 990 |0.80*** (0.04) 2.609 (7.821) 7.821***  (1.454) 0.173 13 16 844
trend gap 0.66*  (0.07) 14.029* (7.296) 0.052 12 20 691 [0.77*** (0.05) -1.496 (9.292) 7.954**%*  (2.635) 0.148 12 16 670
relative gap 0.64 (0.07) 0.030 (0.018)  0.027 12 20 691 [0.77*** (0.05) -0.012 (0.023) 8.274**%*  (2.272) 0.149 12 16 670
Sy m.a. gap 0.74*** (0.06) 19.385***  (7.301) 0.101 12 20 691 |[0.77*** (0.05) 8.283 (6.566) 6.053***  (1.813) 0.159 12 16 670
m.a. gap 0.72** (0.09) 7.838 (4.990) 0.068 12 20 691 [0.76*** (0.05) 1.837 (6.221)  6.976*** (2.468) 0.149 12 16 670
Household debt-service-ratio (ESRB) 0.67**  (0.06) 12.607***  (4.673) 0.075 18 25 1069 [0.81*** (0.04) 18.129***  (6.492) 4.791%**  (1.547) 0.228 14 16 878
3y growth 0.68** (0.06) 0.012** (0.005)  0.036 15 23 795 [0.77*** (0.05) 8.6e-03 (5.9e-03) 7.435%**  (1.465) 0.164 13 16 735
1y growth 0.67*** (0.05) 0.036*** (0.013) 0.036 18 25 976 [0.77*** (0.05) 0.029 (0.019) 7.690***  (1.302) 0.166 14 16 830
3y difference 0.77*** (0.06) 49.391***  (12.542) 0.161 15 23 795 [0.79*** (0.06) 45.760**  (18.022) 4.449* (2.286) 0.228 13 16 735
1y difference 0.73*** (0.04) 76.289***  (20.140) 0.098 18 25 976 [0.79*** (0.05) 73.448***  (24.632) 6.053*** (1.486) 0.207 14 16 830
trend gap 0.70**  (0.06) 59.404***  (14.106) 0.084 13 20 668 [0.76*** (0.05) 34.406 (22.042)  5.940*** (2.085) 0.152 13 16 647
relative gap 0.63 (0.08) 0.023 (0.017)  0.018 13 20 668 [0.76*** (0.05) 3.4e-03 (1.6e-02) 7.203***  (1.629) 0.136 13 16 647
Sy m.a. gap 0.78*** (0.06) 87.108*** (24.017) 0.178 13 20 668 [0.79*** (0.06) 72.809** (29.543)  4.342* (2.220) 0.216 13 16 647
m.a. gap 0.81*** (0.07) 57.289***  (14.976) 0.246 13 20 668 |0.81*** (0.06) 49.889***  (18.140) 2.794 (2.026) 0.260 13 16 647
Household credit * 10y interest rate / GDP 0.68*** (0.06) 0.448*** (0.159)  0.054 19 20 968 [0.80*** (0.04) 0.490** (0.192) 8.500***  (1.445) 0.216 17 17 954
3y growth 0.67*** (0.04) 9.8e-03**  (4.2e-03) 0.022 15 17 801 [0.79*** (0.05) 2.1e-03 (4.6e-03) 8.199***  (1.528) 0.180 15 17 801
1y growth 0.61**  (0.04) 0.018*** (0.007) 0.019 16 18 907 |0.79*** (0.04) 0.012 (0.008) 8.305***  (1.341) 0.178 16 17 902
3y difference 0.70%** (0.05) 1.193***  (0.370) 0.080 15 17 801 [0.79*** (0.04) 0.530 (0.373)  7.436*** (1.729) 0.191 15 17 801
1y difference 0.63*** (0.04) 1.030*** (0.321) 0.037 16 18 907 [0.79*** (0.04) 0.715** (0.363) 8.134***  (1.370) 0.184 16 17 902
trend gap 0.59 (0.07) 0.709 (0.524)  0.018 13 17 708 |0.77*** (0.05) 0.030 (0.690) 7.553***  (1.806) 0.151 13 17 708
relative gap 0.53 (0.07) -4.1e-04 (8.5e-03) 0.000 13 17 708 [0.78*** (0.05) -7.6e-03 (1.3e-02) 7.907***  (1.726) 0.156 13 17 708
Sy m.a. gap 0.71%** (0.06) 1.990*** (0.678)  0.097 13 17 708 |0.76*** (0.04) 1.154 (0.723) 6.302***  (1.924) 0.174 13 17 708
m.a. gap 0.70*** (0.06) 1.079*** (0.405)  0.093 13 17 708 |0.77*** (0.05) 0.671 (0.495) 6.467***  (2.012) 0.178 13 17 708
Household credit * 3m interest rate / GDP 0.63**  (0.05) 0.309** (0.124)  0.031 20 25 1350 [0.80*** (0.04) 0.465*** (0.141) 9.920***  (1.513) 0.221 17 17 1123
3y growth 0.72*** (0.04) 6.2e-03*** (2.0e-03) 0.065 19 25 1087 [0.82*** (0.03) 7.1e-03**  (2.8e-03) 8.120*** (1.656) 0.200 17 17 969
1y growth 0.73*** (0.03) 0.019*** (0.005) 0.083 20 25 1262 [0.83*** (0.03) 0.022*** (0.005) 8.658***  (1.576) 0.232 17 17 1073
3y difference 0.74*** (0.04) 0.814***  (0.224) 0.120 19 25 1087 |0.83*** (0.03) 0.859***  (0.239)  7.658*** (1.790) 0.255 17 17 969
1y difference 0.73*** (0.04) 1.234*** (0.383)  0.101 20 25 1262 [0.83*** (0.03) 1.416*** (0.244) 8.623***  (1.714) 0.266 17 17 1073
trend gap 0.71*** (0.06) 0.950***  (0.332) 0.084 18 25 928 [0.79*** (0.04) 0.782** (0.333)  7.056*** (1.627) 0.190 16 17 863
relative gap 0.68*** (0.05) 8.2e-03*** (2.9e-03) 0.045 18 25 928 [0.80*** (0.03) 5.0e-03* (3.0e-03) 7.795*** (1.567) 0.167 16 17 863
Sy m.a. gap 0.77*** (0.05) 1.313*** (0.377)  0.139 18 25 928 [0.83*** (0.04) 1.434*** (0.359) 7.135%*%*  (1.953) 0.254 16 17 863
m.a. gap 0.73*** (0.05) 0.769*** (0.229)  0.112 18 25 928 [0.82*** (0.04) 0.883*** (0.302) 8.228***  (2.171) 0.240 16 17 863

Robust standard errors adjusted for clustering are reported in the parentheses. *,** and *** indicate statistical significance at the 10%, 5% and 1 %-level.



Panel C: Measures of potential overvaluation of property prices, Detken et al. crisis dataset

univariate Indicator bivariate Indicator Credit-to-GDP gap
Indicator Transformation AUC Logit coeff. pR2 Cr Co N AUC Logit coeff. Logit coeff. pR2 Cr Co N
Residential property real pr 3y growth 0.66**  (0.06) 0.016** (0.007) 0.028 20 16 1444 |0.81*** (0.03) 0.013 (0.012) 8.370***  (1.185) 0.166 19 14 1352
1y growth 059  (0.05) 0.021 (0.013)  0.009 22 19 1592 (0.80*** (0.03) 0.022 (0.020)  8722*** (1.229) 0.158 19 16 1404
relative gap 0.68*** (0.05) 0.041*** (0.015)  0.061 20 16 1339 |0.81*** (0.03) 0.025 (0.017) 7.989***  (0.932) 0.180 19 14 1313
Residential property price / rent 0.74*** (0.06) 0.021* (0.011) 0.067 22 20 1520 |0.80*** (0.04) 8.4e-03 (8.1e-03) 7.879***  (1.450) 0.156 19 16 1423
3y growth 0.68*** (0.06) 0.017***  (0.006) 0.044 20 17 1302 |0.82*** (0.02) 0.013 (0.014)  8.440%**  (0.794) 0.174 18 14 1251
1y growth 0.60* (0.05) 0.021* (0.012) 0.010 21 19 1447 |0.81*** (0.03) 0.026 (0.021) 8.812***  (1.077) 0.165 19 16 1372
3y difference 0.69*** (0.06) 0.042***  (0.014) 0.080 20 17 1302 |0.82*** (0.03) 0.021 (0.022)  8.080*** (0.824) 0.176 18 14 1251
1y difference 0.62* (0.06) 0.047** (0.024) 0.024 21 19 1447 |0.81*** (0.03) 0.035 (0.031) 8.687***  (1.008) 0.166 19 16 1372
trend gap 0.70%** (0.06) 0.065** (0.027)  0.079 20 17 1190 [0.82*** (0.03) 0.039 (0.029)  7.381*** (0.839) 0.182 18 14 1160
relative gap 0.66*** (0.05) 0.035%** (0.013)  0.046 20 17 1190 |0.81*** (0.03) 0.026 (0.016) 7.923***  (0.798) 0.179 18 14 1160
5y m.a. gap 0.70**  (0.07) 0.069*** (0.026) 0.082 20 17 1190 |0.81*** (0.03) 0.033 (0.034) 7.853***  (0.714) 0.171 18 14 1160
m.a. gap 0.74*** (0.06) 0.039***  (0.012) 0.121 20 17 1190 |0.81*** (0.03) 6.0e-03 (1.9e-02) 7.964*** (2.072) 0.161 18 14 1160
Residential property price / income 0.75*** (0.05) 0.027** (0.013) 0.092 22 21 1507 |0.79*** (0.04) 0.015* (0.009) 7.587***  (1.512) 0.165 19 16 1370
3y growth 0.75%** (0.05) 0.045***  (0.014) 0.111 20 18 1277 |0.82*** (0.03) 0.040** (0.018)  7.191*** (0.764) 0.210 18 14 119
1y growth 0.64*** (0.05) 0.052*** (0.018)  0.034 21 20 1430 |0.80*** (0.03) 0.050* (0.026) 8.431***  (1.075) 0.172 19 16 1317
3y difference 0.76*** (0.05) 0.072***  (0.019) 0.157 20 18 1277 |0.82*** (0.04) 0.061** (0.027)  6.388*** (0.812) 0.218 18 14 119
1y difference 0.65**  (0.05) 0.082***  (0.022) 0.060 21 20 1430 |0.80*** (0.03) 0.064** (0.032)  8.192*** (1.014) 0.174 19 16 1317
trend gap 0.78*** (0.05) 0.127*** (0.028) 0.173 19 18 1164 |0.82*** (0.04) 0.081** (0.035) 6.535%**  (1.216) 0.224 17 14 1111
relative gap 0.73*** (0.05) 0.074***  (0.018) 0.107 19 18 1164 |0.82*** (0.04) 0.054** (0.023)  7.437***  (1.080) 0.212 17 14 1111
5y m.a. gap 0.78*** (0.05) 0.136%** (0.029) 0.194 19 18 1164 |0.82*** (0.04) 0.093** (0.039) 6.633***  (0.778) 0.223 17 14 1111
m.a. gap 0.81*** (0.05) 0.074***  (0.014) 0.257 19 18 1164 |0.82*** (0.05) 0.052** (0.023)  3.905**  (1.792) 0.228 17 14 1111
Robust standard errors adjusted for clustering are reported in the parentheses. *,** and *** indicate statistical significance at the 10%, 5% and 1 %-level.
Panel D: Measures of external imbalances, Detken et al. crisis dataset
univariate Indicator bivariate Indicator Credit-to-GDP gap
Indicator Transformation AUC Logit coeff. pR2 Cr Co N AUC Logit coeff. Logit coeff. pR2 Cr Co N
Current account / GDP 0.34*** (0.05) -0.264***  (0.083) 0.038 22 26 1897 [0.82*** (0.03) -0.199 (0.239)  9.149*** (1.689) 0.191 17 18 1305
3y growth 0.56 (0.03) -7.1e-07 (1.1e-05) 0.000 21 26 1613 |0.84*** (0.03) 4.0e-06 (1.2e-05) 9.287***  (1.438) 0.182 17 18 1179
1y growth 0.60*** (0.03) 9.3e-06 (1.0e-05) 0.000 22 26 1804 |0.84*** (0.03) 1.3e-06 (9.2e-06) 9.549***  (1.422) 0.184 17 18 1271
3y difference 0.34%** (0.04) -0.352***  (0.122) 0.031 21 26 1614 |0.82*** (0.03) -0.434 (0.306)  8.455*** (1.621) 0.193 17 18 1179
1y difference 0.39%** (0.03) -0.272** (0.118)  0.011 22 26 1805 |0.84*** (0.03) -0.516** (0.219) 9.231***  (1.386) 0.193 17 18 1271
Capital account / GDP 0.60*  (0.06) 69.335 (66.213) 0.004 16 21 1036 [0.81*** (0.04) 67.431 (138.757) 8.056*** (1.552) 0.167 15 18 911
3y growth 0.46 (0.04) 2.3e-05 (4.3e-05) 0.000 12 20 736 |0.79*** (0.04) 2.7e-05 (5.7e-05) 7.501***  (1.298) 0.161 12 18 668
1y growth 0.47  (0.03) -8.1e-05  (6.4e-05) 0.001 15 21 893 [0.80*** (0.04) -1.0e-04  (8.0e-05) 7.961*** (1.268) 0.168 14 18 792
3y difference 0.54 (0.06) 3.861 (45.338) 0.000 13 20 795 |0.80*** (0.04) 140.458 (156.725) 8.070***  (1.419) 0.174 13 18 725
1y difference 0.50 (0.03) 2.095 (17.181) 0.000 16 21 952 |0.80*** (0.04) 68.849 (71.882) 8.158***  (1.331) 0.166 15 18 849
Portfolio investments / GDP 0.48 (0.09) 0.183 (0.289)  0.003 12 21 641 [0.80*** (0.06) 0.173 (0.303)  7.891%**  (1.444) 0.182 11 18 554
3y growth 0.53 (0.07) 6.2e-05 (1.7e-04) 0.000 10 20 400 |0.78*** (0.07) 2.3e-03 (1.6e-03) 7.146*** (1.920) 0.143 9 17 363
1y growth 0.46  (0.06) -1.0e-04  (2.5¢-04) 0.000 12 21 561 [0.81*** (0.06) 9.5e-05 (2.2e-04) 8.240%** (1.639) 0.196 11 18 492
3y difference 0.39 (0.08) 0.058 (0.306) 0.000 10 20 400 |0.75*** (0.07) 0.411 (0.373) 7.407***  (1.644) 0.128 9 17 363
1y difference 0.43 (0.06) 0.107 (0.366) 0.000 12 21 561 |0.82*** (0.06) 0.845* (0.470) 8.864***  (1.794) 0.206 11 18 492
Other investments / GDP 0.48 (0.09) 0.183 (0.289)  0.003 12 21 641 |0.80*** (0.05) 0.173 (0.303) 7.891***  (1.444) 0.182 11 18 554
3y growth 0.53 (0.08) 6.2e-05 (1.7e-04) 0.000 10 20 400 |0.78*** (0.07) 2.3e-03 (1.6e-03) 7.146*** (1.920) 0.143 9 17 363
1y growth 0.46 (0.06) -1.0e-04  (2.5e-04) 0.000 12 21 561 |0.81*** (0.06) 9.5e-05 (2.2e-04) 8.240%**  (1.639) 0.196 11 18 492
3y difference 0.39 (0.08) 0.058 (0.306) 0.000 10 20 400 |0.75*** (0.07) 0.411 (0.373) 7.407***  (1.644) 0.128 9 17 363
1y difference 0.43  (0.06) 0.107 (0.366)  0.000 12 21 561 [0.82*** (0.06) 0.845* (0.470)  8.864*** (1.794) 0.206 11 18 492

Robust standard errors adjusted for clustering are reported in the parentheses. *,** and *** indicate statistical significance at the 10%, 5% and 1 %-level.



Panel E: Measures of potential mispricing of risk, Detken et al. crisis dataset

univariate Indicator bivariate Indicator Credit-to-GDP gap
Indicator Transformation AUC Logit coeff. pR2 Cr Co N AUC Logit coeff. Logit coeff. pR2 Cr Co N
Stock market volatility 0.45 (0.05) -1.962 (1.584)  0.005 26 28 2300 (0.83*** (0.03) -2.632 (2.151) 10.028*** (1.447) 0.181 19 18 1627
3y growth 050  (0.03) -9.3e-04  (8.9e-04) 0.001 24 28 1983 |0.83*** (0.02) -1.1e-03  (1.6e-03) 9.661*** (1.334) 0.175 19 18 1540
1y growth 0.53 (0.03) 8.9e-04 (1.1e-03) 0.001 26 28 2195 |0.83*** (0.02) 2.6e-03* (1.5e-03) 9.827*** (1.387) 0.178 19 18 1607
3y difference 0.51 (0.03) -0.164 (0.685)  0.000 24 28 1984 (0.83*** (0.02) -0.357 (1.296) 9.638***  (1.321) 0.174 19 18 1540
1y difference 0.53 (0.02) 0.229 (0.625)  0.000 26 28 2196 |0.84*** (0.02) 1.165 (0.899) 9.792***  (1.388) 0.176 19 18 1607
Stock market index 3y growth 0.67*** (0.04) 4.0e-03**  (2.0e-03) 0.014 14 14 971 [0.83*** (0.04) 7.8e-03*** (2.6e-03) 10.028*** (1.661) 0.230 14 13 920
1y growth 0.60*** (0.03) 4.6e-03 (3.0e-03) 0.004 14 14 1075 |0.82*** (0.04) 0.010* (0.005) 9.972***  (1.691) 0.207 14 13 1008
Bank stock index 3y growth 0.62**  (0.05) 3.5e-03* (2.1e-03) 0.010 16 13 1009 [0.79*** (0.04) 7.0e-03*** (2.5¢-03) 8.834*** (1.271) 0.177 16 13 1009
1y growth 0.52 (0.04) -7.6e-04 (4.3e-03) 0.000 17 13 1111 [0.79*** (0.03) 5.0e-03 (4.3e-03) 8.556***  (0.980) 0.156 17 13 1111
Stock market P/E ratio 0.47 (0.05) -0.023** (0.011) 0.013 14 23 775 [0.78*** (0.05) -0.052* (0.030) 7.622***  (1.504) 0.181 12 17 665
3y growth 0.43 (0.06) -4.5e-03** (2.1e-03) 0.032 10 21 529 [0.78*** (0.06) -5.0e-03 (3.2e-03) 7.408***  (1.649) 0.190 10 17 502
1y growth 0.55*  (0.03) -3.2e-05 (3.8e-05) 0.000 13 23 695 [0.77*** (0.06) -1.9e-03 (1.2e-03) 7.564***  (1.566) 0.171 11 17 613
3y difference 0.43 (0.06) -3.3e-03*** (1.2e-03) 0.020 10 21 529 [0.79%** (0.06) -4.3e-03*  (2.4e-03) 7.735*** (1.712) 0.192 10 17 502
1y difference 0.55**  (0.02) -1.8e-04 (1.4e-04) 0.000 13 23 695 |0.77*** (0.06) -2.3e-04 (1.6e-04) 7.599***  (1.573) 0.168 11 17 613
Stock market P/B ratio 0.77** (0.09) 1.681** (0.736) 0148 9 14 173 [0.81** (0.08) 1.540** (0.647)  6.862**  (2.709) 0.272 9 14 173
1y growth 0.70*** (0.04) 0.032*** (0.008) 0.111 9 14 117 [0.87*** (0.07) 0.047*** (0.011) 8.795%**  (2.705) 0.347 9 14 117
1y difference 0.71*** (0.05) 1.859***  (0.555) 0.123 9 14 117 [0.87*** (0.06) 2.897***  (0.577)  9.547*** (3.026) 0.375 9 14 117
Stock market dividend yield 0.44 (0.07) -0.333 (0.247) 0016 9 14 381 [(0.71*** (0.07) -0.355 (0.227) 6.658***  (1.716) 0.151 9 14 381
3y growth 0.28*** (0.06) -0.027***  (0.010) 0.133 9 14 231 [0.83*** (0.05) -0.035***  (0.010) 7.941%*%*  (2.125) 0301 9 14 231
1y growth 0.43*  (0.04) -0.013***  (0.004) 0.025 9 14 333 [0.74*** (0.06) -0.015***  (0.004) 6.672***  (1.694) 0.164 9 14 333
3y difference 0.28*** (0.05) -0.877***  (0.326) 0.115 9 14 231 [0.82*** (0.05) -1.136***  (0.361) 7.710***  (2.050) 0.286 9 14 231
ly difference 0.43*  (0.04) -0.194***  (0.075) 0.007 9 14 333 [0.72** (0.07) -0.227***  (0.079) 6.597***  (1.710) 0.146 9 14 333
Household lending spread 0.42 (0.08) -0.081 (0.226)  0.001 13 27 486 [0.73*** (0.08) -0.342 (0.695) 5.954***  (1.683) 0.140 10 18 359
3y growth 0.39 (0.09) -0.012* (0.007)  0.053 10 19 187 [(0.83*** (0.08) -0.018 (0.014) 8.082***  (2.770) 0.265 8 16 167
1y growth 0.43 (0.05) -1.7e-03 (2.0e-03) 0.004 13 27 388 [(0.81*** (0.06) -0.025 (0.016) 7.705%**  (2.025) 0.223 10 18 299
3y difference 0.37* (0.08) -0.586 (0.372) 0.047 10 19 187 [0.82*** (0.08) -0.928 (0.730) 8.244***  (2.748) 0.266 8 16 167
1y difference 0.44 (0.05) -0.153 (0.164)  0.003 13 27 388 [0.77*** (0.07) -0.580 (0.568) 7.018***  (1.737) 0.172 10 18 299
Corporate lending spread 0.49 (0.09) -0.165 (0.367) 0.002 12 26 475 [0.73*** (0.07) -0.417 (0.584)  6.574*** (1.652) 0.148 9 17 348
3y growth 0.35 (0.09) -0.032** (0.014) 0.079 10 19 187 |(0.82*** (0.09) -0.039***  (0.014) 7.953***  (2.538) 0.278 8 16 167
1y growth 050  (0.04) 7.7e-04 (5.8e-03) 0.000 12 26 381 [0.74*** (0.08) -0.011 (0.012)  6.920%** (1.763) 0.166 9 17 292
3y difference 0.31**  (0.08) -2.505***  (0.816) 0.125 10 19 187 [0.83** (0.09) -2.752***  (0.960) 7.785***  (2.561) 0.313 8 16 167
1y difference 0.49 (0.04) 0.027 (0.261)  0.000 12 26 381 [0.75** (0.08) -0.677 (0.588) 6.872***  (1.710) 0.166 9 17 292
High-yield spread 0.20%** (0.04) -4.3e-03*** (1.5e-03) 0.143 16 28 1066 [0.87*** (0.04) -5.4e-03** (2.3e-03) 7.506*** (1.584) 0.317 12 18 623
3y growth 0.41*%** (0.03) -7.1e-03*** (2.0e-03) 0.049 14 28 770 [0.83*** (0.05) -0.013***  (0.003) 7.726***  (1.613) 0.241 10 18 457
1y growth 0.45*%** (0.02) -4.4e-03*** (1.3e-03) 0.014 15 28 971 [0.76*** (0.05) -5.1e-03*** (1.6e-03) 7.412*** (1.530) 0.161 11 18 573
3y difference 0.43*** (0.03) -4.1e-04** (1.6e-04) 0.008 14 28 770 [0.77*** (0.06) -8.3e-04*** (3.0e-04) 7.097*** (1.541) 0.165 10 18 457
1y difference 0.49 (0.03) -2.5e-04 (1.9e-04) 0.001 15 28 971 [0.74*** (0.06) -1.8e-04 (1.5e-04) 7.090***  (1.538) 0.144 11 18 573
trend gap 0.56 (0.04) -1.4e-04 (2.5e-04) 0.000 14 28 591 [0.74*** (0.07) -3.9e-04 (5.2e-04) 6.702***  (1.545) 0.146 10 18 355
relative gap 0.54 (0.04) -3.4e-03*** (1.3e-03) 0.012 14 28 591 [0.77*** (0.06) -5.5e-03** (2.6e-03) 7.085*** (1.541) 0.167 10 18 355
Sy m.a. gap 0.56 (0.04) -9.6e-05 (2.5e-04) 0.000 14 28 591 [0.74*** (0.07) -3.8e-04 (5.3e-04) 6.713***  (1.559) 0.146 10 18 355
m.a. gap 0.51 (0.03) -1.9e-03*** (4.6e-04) 0.031 14 28 591 [0.79*** (0.06) -3.0e-03*** (9.6e-04) 7.364*** (1.648) 0.198 10 18 355
CBOE Volatility Index 0.29%** (0.03) -0.123***  (0.029) 0.071 29 28 2232 (0.82*** (0.03) -0.116***  (0.028) 9.610***  (1.770) 0.224 18 18 1183
3y growth 0.32%** (0.05) -0.013**  (0.006) 0.045 27 28 1908 |0.81*** (0.05) -0.015* (0.009)  8140%** (1.361) 0.204 16 18 1027
1y growth 0.45 (0.03) -5.6e-03 (3.8e-03) 0.003 29 28 2124 |0.80*** (0.03) -7.5e-03 (6.1e-03) 8.559***  (1.301) 0.162 18 18 1131
3y difference 0.33*** (0.05) -0.070***  (0.022) 0.057 27 28 1908 [0.82*** (0.05) -0.085***  (0.031) 8.186***  (1.375) 0.228 16 18 1027
1y difference 0.45 (0.03) -0.016 (0.013)  0.002 29 28 2124 (0.80*** (0.03) -0.025 (0.023) 8.520***  (1.290) 0.159 18 18 1131
trend gap 0.31*%** (0.05) -0.108***  (0.034) 0.068 25 28 1737 [0.82*** (0.06) -0.124***  (0.045) 7.495%*%*  (1.278) 0.236 15 18 953
relative gap 0.31*** (0.06) -0.020***  (0.008) 0.061 25 28 1737 (0.81*** (0.06) -0.023** (0.011) 7.322%*%*  (1.230) 0.222 15 18 953
Sy m.a. gap 0.35%** (0.05) -0.084***  (0.031) 0.037 25 28 1737 [0.81*** (0.05) -0.099** (0.044) 7.974**%*  (1.268) 0.202 15 18 953
m.a. gap 0.26*** (0.04) -0.134***  (0.040)  0.086 25 28 1737 [0.85*** (0.05) -0.163***  (0.057) 9.043***  (1.802) 0.268 15 18 953

continues on next page...



German 10y Bund 0.32*** (0.04) -0.361***  (0.080) 0.055 32 28 4060 [0.83*** (0.03) -0.070 (0.155)  9.299*** (1.606) 0.168 20 18 1803
3y growth 050  (0.03) -3.9e-03  (3.7e-03) 0.001 31 28 3724 [0.83*** (0.03) -6.4e-04  (6.2¢-03) 9.869*** (1.640) 0.167 20 18 1803
1y growth 054  (0.03) 6.8e-03 (5.7e-03) 0.001 32 28 3948 [0.80*** (0.03) 0.017** (0.008)  10.041*** (1.785) 0.175 20 18 1803
3y difference 052 (0.03) -3.3e-03  (4.7e-02) 0.000 31 28 3724 [0.82*** (0.03) 0.038 (0.093)  9.868*** (1.658) 0.167 20 18 1803
1y difference 053  (0.03) 0.047 (0.083)  0.000 32 28 3948 [0.81*** (0.04) 0.187 (0.147)  9.904*** (1.716) 0.170 20 18 1803
trend gap 0.57**  (0.03) 0.119 (0.088)  0.002 31 28 3535 [0.82*** (0.03) 0.089 (0.182)  9.858***  (1.668) 0.168 20 18 1803
relative gap 0.56*  (0.03) 9.8e-03 (6.5e-03) 0.003 31 28 3535 [0.82*** (0.03) 9.0e-03 (1.1e-02) 9.889***  (1.687) 0.169 20 18 1803
Sy m.a. gap 0.56*  (0.03) 0.074 (0.079)  0.001 31 28 3535 [0.82*** (0.03) 0.109 (0.143)  9.868***  (1.665) 0.168 20 18 1803
m.a. gap 0.38*** (0.04) -0.324***  (0.114)  0.024 31 28 3535 [0.83*** (0.03) -0.057 (0.183)  9.563*** (1.590) 0.167 20 18 1803
German 1y bill 044  (0.04) -0.077 (0.079)  0.003 30 28 2747 |0.80*** (0.03) 0.112 (0.119)  9.914*** (1.458) 0.167 19 18 1432
3y growth 0.59*  (0.05) 5.8e-03**  (2.7e-03) 0.016 30 28 2423 [0.81*** (0.02) 9.4e-03*** (2.6e-03) 8.700*** (1.328) 0.193 19 18 1276
1y growth 0.64** (0.05) 0.017***  (0.005) 0.035 30 28 2639 [0.84*** (0.02) 0.027***  (0.004)  9.255*** (1.489) 0.239 19 18 1380
3y difference 057  (0.05) 0.089 (0.068)  0.007 30 28 2423 [0.81*** (0.02) 0.231***  (0.071)  8.765*** (1.256) 0.194 19 18 1276
1y difference 0.63**  (0.05) 0.286** (0.125)  0.020 30 28 2639 [0.83*** (0.03) 0.627***  (0.107)  9.419*** (1.459) 0.229 19 18 1380
trend gap 055  (0.06) 0.109 (0.124)  0.005 29 28 2232 [0.80*** (0.04) 0.405***  (0.143)  8.927*** (1.421) 0204 18 18 1183
relative gap 059  (0.06) 9.8e-03*  (5.4e-03) 0.020 29 28 2232 [0.82*** (0.04) 0.019%***  (0.005)  8.774*** (1.499) 0.219 18 18 1183
Sy m.a. gap 057  (0.06) 0.142 (0.114)  0.008 29 28 2232 [0.81*** (0.03) 0.459***  (0.107)  9.047*** (1.438) 0214 18 18 1183
m.a. gap 053 (0.04) 0.027 (0.084)  0.000 29 28 2232 [0.79*** (0.04) 0.223* (0.118)  9.529***  (1.460) 0.180 18 18 1183
German 1m bill 0.40%** (0.04) -0.135* (0.070)  0.013 30 28 3179 [0.83*** (0.02) 9.5e-03 (1.1e-01) 9.957*** (1.457) 0.174 19 18 1640
3y growth 055  (0.05) 7.0e-04 (1.6e-03) 0.000 30 28 2855 [0.81*** (0.02) 3.0e-03*  (1.8e-03) 9.435*** (1.293) 0.169 19 18 1484
1y growth 0.60** (0.04) 6.0e-03**  (2.8e-03) 0.007 30 28 3071 [0.83*** (0.02) 0.014***  (0.002)  10.325*** (1.571) 0.207 19 18 1588
3y difference 054  (0.05) 0.015 (0.044)  0.000 30 28 2855 [0.81*** (0.03) 0.081 (0.057)  9.352%** (1.272) 0.171 19 18 1484
1y difference 0.57*  (0.04) 0.091 (0.061)  0.003 30 28 3071 [0.82*** (0.02) 0.318***  (0.056)  10.378*** (1.535) 0201 19 18 1588
trend gap 0.61*  (0.05) 0.216%* (0.095)  0.023 30 28 2666 [0.80*** (0.03) 0.331** (0.132)  8.565*** (1.216) 0.194 19 18 1393
relative gap 0.63** (0.05) 0.013***  (0.005 0.036 30 28 2666 [0.81*** (0.03) 0.016***  (0.005)  8.541*** (1.355) 0.204 19 18 1393
Sy m.a. gap 0.60%*  (0.05) 0.196** (0.099) 0.016 30 28 2666 |0.81*** (0.03) 0.396***  (0.119)  8.861*** (1.262) 0.203 19 18 1393
m.a. gap 051 (0.04) 0.031 (0.091)  0.000 30 28 2666 [0.80*** (0.03) 0.181 (0.133)  9.681*** (1.335) 0.171 19 18 1393
US 10y T-note 0.33*** (0.03) -0.273***  (0.062) 0.046 32 28 4060 [0.83*** (0.03) -0.016 (0.079)  9.681*** (1.852) 0.167 20 18 1803
3y growth 055  (0.03) 3.1e-03 (3.7e-03) 0.001 31 28 3724 [0.81*** (0.03) 0.014***  (0.005)  10.576*** (1.845) 0.181 20 18 1803
1y growth 050  (0.02) 9.7e-04 (3.9e-03) 0.000 32 28 3948 [0.81*** (0.03) 0.012** (0.006)  10.104*** (1.768) 0.172 20 18 1803
3y difference 054  (0.03) -7.3e-03  (3.9e-02) 0.000 31 28 3724 [0.82*** (0.03) 0.069 (0.060)  10.026*** (1.658) 0.169 20 18 1803
1y difference 048  (0.02) -9.6e-03  (3.8e-02) 0.000 32 28 3948 [0.82*** (0.03) 0.106 (0.078)  9.981*** (1.714) 0.169 20 18 1803
trend gap 055  (0.05) 0.065 (0.074)  0.001 31 28 3535 [0.83*** (0.03) 7.5e-05 (1.3e-01) 9.875***  (1.740) 0.167 20 18 1803
relative gap 0.57  (0.05) 0.020%* (0.009)  0.015 31 28 3535 [0.80*** (0.03) 0.020 (0.013)  9.448*** (1.797) 0.180 20 18 1803
Sy m.a. gap 054  (0.03) -59e-04  (5.3e-02) 0.000 31 28 3535 [0.82*** (0.03) 0.127 (0.084)  10.066*** (1.699) 0.170 20 18 1803
m.a. gap 0.34*** (0.03) -0.297***  (0.060)  0.053 31 28 3535 [0.83*** (0.03) -0.037 (0.081)  9.496*** (1.622) 0.163 20 18 1803
US 1y T-bill 0.43*  (0.03) -0.067* (0.041)  0.005 30 28 2747 [0.80*** (0.03) 0.131** (0.051)  10.714*** (1.642) 0.178 19 18 1432
3y growth 0.72*** (0.05) 8.0e-03*** (1.4e-03) 0.116 30 28 2423 [0.85*** (0.03) 8.9e-03*** (1.8¢-03) 8.906*** (1.603) 0.284 19 18 1276
1y growth 0.61%** (0.03) 6.4e-03*** (2.2e-03) 0.011 30 28 2639 [0.82*** (0.03) 7.7e-03**  (3.0e-03) 8.985*** (1.248) 0.174 19 18 1380
3y difference 0.71*** (0.05) 0.298***  (0.087) 0.086 30 28 2423 [0.83*** (0.05) 0.361***  (0.109)  9.189*** (1.681) 0.264 19 18 1276
1y difference 0.61*** (0.03) 0.209***  (0.060) 0.019 30 28 2639 [0.80*** (0.04) 0.309***  (0.116)  9.243*** (1.379) 0.190 19 18 1380
trend gap 0.67*** (0.05) 0.405** (0.166)  0.044 29 28 2232 0.85*** (0.05) 0.745***  (0.255)  10.470*** (2.144) 0.273 18 18 1183
relative gap 0.70%** (0.05) 0.020***  (0.006) 0.088 29 28 2232 [0.85*** (0.05) 0.026***  (0.007)  9.553*** (1.978) 0.298 18 18 1183
Sy m.a. gap 0.69*** (0.05) 0.424***  (0.141) 0.066 29 28 2232 [0.84*** (0.05) 0.588***  (0.191)  9.527*** (1.876) 0.266 18 18 1183
m.a. gap 0.63**  (0.05) 0.292** (0.132)  0.028 29 28 2232 |0.85*** (0.04) 0.669***  (0.178)  10.746*** (1.972) 0.267 18 18 1183
US 1m T-bill 0.38*** (0.03) -0.114***  (0.032) 0.021 30 28 3179 [0.82*** (0.03) 0.045 (0.035)  10.575*** (1.573) 0.177 19 18 1640
3y growth 0.71%** (0.05) 7.3e-03*** (1.2e-03) 0.120 30 28 2855 [0.85*** (0.04) 7.7e-03*** (1.6e-03) 9.361*** (1.778) 0.283 19 18 1484
1y growth 0.62** (0.04) 7.9e-03*** (2.3e-03) 0.019 30 28 3071 [0.83*** (0.03) 9.4e-03*** (3.0e-03) 9.865*** (1.543) 0.199 19 18 1588
3y difference 0.68*** (0.05) 0.144***  (0.039) 0.040 30 28 2855 [0.81*** (0.04) 0.190***  (0.056)  9.846*** (1.634) 0.219 19 18 1484
1y difference 0.61*** (0.03) 0.093***  (0.028) 0.008 30 28 3071 [0.82*** (0.03) 0.170***  (0.054)  10.142*** (1.525) 0.190 19 18 1588
trend gap 0.72*** (0.04) 0.458***  (0.127) 0.088 30 28 2666 [0.83*** (0.05) 0.516***  (0.183)  8.880*** (1.536) 0.250 19 18 1393
relative gap 0.72%** (0.05) 0.017***  (0.003) 0.118 30 28 2666 [0.85*** (0.04) 0.018***  (0.004)  8.866*** (1.796) 0.287 19 18 1393
Sy m.a. gap 0.72%** (0.05) 0.471***  (0.125) 0.097 30 28 2666 [0.83*** (0.05) 0.537***  (0.168)  9.279*** (1.756) 0.269 19 18 1393
m.a. gap 0.63*** (0.05) 0.278** (0.131)  0.026 30 28 2666 |0.83*** (0.04) 0.589***  (0.147)  10.926*** (1.906) 0.253 19 18 1393

Robust standard errors adjusted for clustering are reported in the parentheses. *,** and *** indicate statistical significance at the 10%, 5% and 1 %-level.



Panel F: Measures of the strength of bank balance sheets, Detken et al. crisis dataset

univariate Indicator bivariate Indicator Credit-to-GDP gap
Indicator Transformation AUC Logit coeff. pR2 Cr Co N AUC Logit coeff. Logit coeff. pR2 Cr Co N
Leverage ratio 0.38 (0.08) -0.179 (0.124)  0.027 14 26 719 [(0.74** (0.07) -0.170 (0.186) 6.197***  (1.568) 0.142 12 18 563
3y growth 0.33**  (0.08) -0.044* (0.024)  0.057 12 25 444 (0.71** (0.06) -0.024 (0.022) 5.592***  (1.930) 0.132 10 18 380
1y growth 0.41*  (0.05) -0.032 (0.023) 0.015 13 26 628 [0.71*** (0.06) -7.6e-03 (2.4e-02) 6.405*** (1.679) 0.124 11 18 504
3y difference 0.34**  (0.07) -0.380 (0.235)  0.034 12 25 444 (0.70** (0.07) -0.185 (0.236) 5.828***  (1.797) 0.123 10 18 380
1y difference 0.41*  (0.05) -0.357 (0.220)  0.012 13 26 628 [0.71*** (0.06) -0.086 (0.298) 6.426%**  (1.634) 0.124 11 18 504
Loans / deposits 0.67*  (0.07) 0.011*** (0.003) 0.063 12 26 537 [0.75*** (0.06) 7.0e-03 (4.9e-03) 5.903*** (1.437) 0.166 10 18 405
3y growth 0.52 (0.10) 1.1e-03 (1.7e-02) 0.000 11 23 245 |0.78** (0.08) -0.023 (0.022) 7.147*%**  (2.204) 0.176 9 17 214
1y growth 0.55 (0.07) 0.018 (0.030) 0.004 12 26 446 [0.75*** (0.07) -0.034 (0.048) 7.009***  (1.594) 0.157 10 18 347
3y difference 058  (0.10) 0.020 (0.016) 0.024 11 23 245 [0.74** (0.10) 2.7e-04 (2.2e-02) 6.545%** (2.328) 0.157 9 17 214
1ly difference 0.59 (0.07) 0.039 (0.027)  0.020 12 26 446 |0.74*** (0.07) -7.7e-03 (3.8e-02) 6.845***  (1.651) 0.150 10 18 347
Total assets / GDP 0.56  (0.08) -0.037 (0.041) 0.007 14 21 759 [0.73*** (0.05) -0.047 (0.051)  7.210%** (1.437) 0.137 13 18 654
3y growth 0.67**  (0.07) 0.029** (0.012) 0.045 12 20 526 [0.72*** (0.06) 4.9e-03 (1.8e-02) 6.246***  (2.036) 0.130 11 18 489
1y growth 0.69*** (0.05) 0.067*** (0.022) 0.041 13 21 678 |0.74*** (0.05) 0.027 (0.029) 6.327***  (1.552) 0.137 12 18 597
3y difference 0.59 (0.08) 0.095 (0.280) 0.002 12 20 526 [0.72*** (0.07) -0.197 (0.285) 7.063***  (1.966) 0.133 11 18 489
1y difference 0.65*** (0.05) 0.240 (0.370)  0.003 13 21 678 [0.73*** (0.06) -0.129 (0.373) 6.906***  (1.594) 0.132 12 18 597
Non-core liabilities / GDP 0.48 (0.11) -0.074 (0.060) 0.017 10 20 422 (0.74*** (0.07) -0.167 (0.157) 7.554***  (2.005) 0.172 9 17 373
3y growth 0.51 (0.12) 1.1e-03 (1.4e-02) 0.000 8 17 206 [0.81*** (0.08) -0.033* (0.019) 8.772***  (3.071) 0.233 8 16 194
1y growth 0.60 (0.08) 0.018 (0.022) 0.007 10 20 352 [0.74*** (0.07) -0.013 (0.026) 6.865***  (1.827) 0.160 9 17 319
3y difference 0.52 (0.14) -0.130 (0.330) 0.004 8 17 206 [0.78** (0.09) -0.668* (0.390) 8.146***  (2.381) 0.211 8 16 194
1y difference 0.55 (0.09) -0.017 (0.259)  0.000 10 20 352 [0.75*** (0.07) -0.495***  (0.155)  7.281*** (1.747) 0.170 9 17 319
Non-core liabilities / Total assets 0.57 (0.09) 1.320 (2.191)  0.007 11 25 496 |0.73*** (0.07) 0.065 (2.513) 6.612***  (1.958) 0.150 9 17 373
3y growth 0.47 (0.10) 5.2e-05 (2.2e-02) 0.000 9 21 223 |0.81*** (0.08) -0.058** (0.029) 6.874***  (2.265) 0.225 8 16 194
1y growth 0.52 (0.07) 0.016 (0.028)  0.004 11 25 409 [0.75*** (0.08) -0.040 (0.039) 6.634***  (1.617) 0.167 9 17 319
3y difference 0.50 (0.11) 2.743 (6.354) 0.004 9 21 223 [0.80*** (0.09) -11.742 (9.382) 7.062***  (2.350) 0.201 8 16 194
1y difference 0.53 (0.06) 7.120 (6.780)  0.009 11 25 409 [0.75*** (0.07) -6.395 (11.082)  6.698***  (1.642) 0.161 9 17 319
Foreign currency cross border loans / GDP 0.57 (0.09) -1.533** (0.737)  0.017 12 15 874 |0.76%** (0.04) -6.100 (8.496) 8.161***  (1.455) 0.148 11 12 796
3y growth 0.45 (0.07) -3.4e-03 (2.8e-03) 0.014 11 14 680 [0.77*** (0.05) -6.2e-03** (3.0e-03) 7.091***  (1.209) 0.159 10 12 646
1y growth 0.50 (0.06) -2.5e-03 (3.7e-03) 0.002 12 15 788 [0.75*** (0.04) -1.8e-03 (3.1e-03) 6.788***  (0.961) 0.127 11 12 726
3y difference 058  (0.08) -0.800 (0.487) 0.001 12 14 711 [0.75*** (0.04) -6.344 (4.831)  6.918*** (0.866) 0.130 11 12 677
1y difference 0.55 (0.06) -1.495* (0.802) 0.001 12 15 819 [0.75*** (0.04) -6.178 (5.531) 7.087***  (0.927) 0.131 11 12 757
trend gap 0.64** (0.07) 3.014** (1.493) 0.004 11 12 629 [0.75*** (0.05) -4.735 (7.652)  6.587*** (0.874) 0.127 11 12 607
relative gap 0.58 (0.08) 2.7e-03 (2.7e-03) 0.004 11 12 617 |0.75*** (0.05) -8.9e-04 (4.5e-03) 6.487***  (1.035) 0.124 11 12 595
Sy m.a. gap 0.60 (0.08) -0.246 (0.986) 0.000 11 12 629 [0.75*** (0.05) -9.830 (8.432) 6.792***  (0.825) 0.133 11 12 607
m.a. gap 0.62 (0.08) -1.127 (2.209)  0.001 11 12 629 [0.75*** (0.05) -4.975 (6.639) 6.691***  (0.845) 0.130 11 12 607
Own currency cross border loans / GDP 0.56 (0.09) -1.979** (0.999) 0.016 12 15 874 |0.76*** (0.04) -8.338 (9.263) 8.319***  (1.514) 0.150 11 12 796
3y growth 0.43 (0.07) -4.5e-03 (3.1e-03) 0.022 11 14 680 |0.78*** (0.06) -8.6e-03** (3.5e-03) 7.472*** (1.279) 0.178 10 12 646
1y growth 0.51 (0.05) -2.4e-03 (3.2e-03) 0.003 12 15 788 [0.76*** (0.05) -2.0e-03 (2.6e-03) 6.801***  (0.956) 0.128 11 12 726
3y difference 0.54  (0.08) -2.424*** (0.773) 0.004 12 14 711 [0.75*** (0.04) -12.808 (12.897)  7.138*** (0.881) 0.137 11 12 677
1y difference 0.53 (0.06) -3.127***  (1.094) 0.002 12 15 819 [0.75*** (0.04) -10.389* (5.357) 7.216%**  (0.928) 0.134 11 12 757
trend gap 057  (0.07) 0.311 (1.231)  0.000 11 12 629 [0.75*** (0.05) -8.419 (8.226)  6.650*** (0.836) 0.130 11 12 607
relative gap 0.55 (0.09) 2.2e-03 (2.9e-03) 0.003 11 12 617 [0.75*** (0.04) -9.9e-04 (5.1e-03) 6.485***  (1.034) 0.124 11 12 595
Sy m.a. gap 0.57 (0.08) -2.682** (1.342) 0.002 11 12 629 [0.76*** (0.04) -13.298 (9.599) 6.902***  (0.821) 0.137 11 12 607
m.a. gap 0.59 (0.08) -2.841 (2.664) 0.003 11 12 629 [0.75*** (0.05) -8.527 (7.013) 6.997***  (0.885) 0.137 11 12 607
Foreign currency cross border loans / Assets 0.41 (0.11) -39.573* (22.101) 0.044 10 17 582 |0.74*** (0.08) -45.690 (35.324)  6.658***  (1.803) 0.155 9 12 467
3y growth 0.52 (0.10) -5.9e-04 (2.7e-03) 0.000 8 16 395 [0.71** (0.09) -2.0e-03 (3.0e-03) 6.449***  (2.108) 0.145 7 12 348
1y growth 0.49 (0.07) -3.1e-03 (5.2e-03) 0.002 9 17 515 [0.70** (0.07) 5.2e-03 (6.7e-03) 6.431*** (1.801) 0.132 8 12 424
3y difference 0.53 (0.09) 10.190 (21.678) 0.001 8 16 395 [0.73** (0.08) 38.758 (32.893) 6.897*** (2.192) 0.152 7 12 348
1y difference 0.51 (0.06) 19.535 (31.326) 0.001 9 17 515 [0.73** (0.07) 110.763* (58.992)  6.803***  (1.800) 0.146 8 12 424
Own currency cross border loans / Assets 0.41 (0.10) -50.117* (27.027) 0.039 10 17 582 |0.74*** (0.08) -60.905 (40.316)  6.840***  (1.861) 0.157 9 12 467
3y growth 0.49 (0.10) -1.2e-03 (3.7e-03) 0.001 8 16 395 [0.71*  (0.10) -4.1e-03 (3.5e-03) 6.385*** (2.017) 0.151 7 12 348
1y growth 0.48 (0.07) -3.3e-03 (4.6e-03) 0.003 9 17 515 [0.70** (0.08) 2.4e-04 (3.3e-03) 6.260*** (1.822) 0.129 8 12 424
3y difference 0.49 (0.09) -17.398 (34.903) 0.002 8 16 395 [(0.70*  (0.10) -1.321 (27.633)  6.474***  (2,104) 0.142 7 12 348
1y difference 0.48 (0.07) -2.436 (29.175) 0.000 9 17 515 |0.70** (0.08) 22.502 (28.434)  6.334***  (1.815) 0.130 8 12 424
(ST liabilities - Liquid assets) / Total assets 0.74*  (0.10) 6.896** (3.478) 0.119 6 13 297 |0.83** (0.09) 7.131 (6.025) 6.004** (2.822) 0.236 6 12 264
3y growth 0.66**  (0.09) -3.5e-04 (2.3e-04) 0.011 6 13 151 (0.74 (0.13) -4.2e-04 (2.8e-04) 5.817*** (2.016) 0.171 6 12 142
1y growth 0.68**  (0.08) 0.015** (0.006) 0.073 6 13 253 [0.83*** (0.07) 0.037*** (0.009) 7.619%**  (2.052) 0.293 6 12 228
3y difference 0.79*%** (0.09) 24.154** (10.245) 0.200 6 13 151 [0.92*** (0.05) 34.420***  (10.960) 7.723*** (2.634) 0.447 6 12 142
1y difference 0.68** (0.08) 11.673 (11.131) 0032 6 13 253 [0.82*** (0.07) 24.771**  (10.186) 6.496*** (1.879) 0.250 6 12 228
Short-term liabilities / Liquid assets 0.77**  (0.10) 1.994** (0.847) 0.165 6 13 297 |0.82*** (0.09) 1.727 (1.065) 5.082* (2.645) 0.246 6 12 264
3y growth 0.84**  (0.10) 0.117** (0.055) 0286 6 13 151 [0.92*** (0.05) 0.125***  (0.045)  6.443**  (3.202) 0.444 6 12 142
1y growth 0.66 (0.08) 0.049 (0.035) 0.035 6 13 253 [0.79*** (0.08) 0.069** (0.030) 5.917**%*  (1.811) 0.210 6 12 228
3y difference 0.83**  (0.10) 6.050** (2.736) 0274 6 13 151 [0.90*** (0.06) 6.008** (2.352) 5.813* (3.146) 0.405 6 12 142
1y difference 0.66*  (0.09) 2.452 (2.139)  0.029 6 13 253 |0.78*** (0.08) 3.097* (1.798) 5.827***  (1.832) 0.193 6 12 228

Robust standard errors adjusted for clustering are reported in the parentheses. *,** and *** indicate statistical significance at the 10%, 5% and 1 %-level.



Table B2. All early-warning evaluation results for each indicator category with ESCB Heads of Research banking crisis
dataset. Evaluation horizon is 1 to 3 years. Statistical significance and larger| AUC-0.5| indicates better performance.
pR2 is pseudo R2, Cr is the number of crises, Co is the number of countries, N is the number of observations.

Panel A: Measures of credit developments, ESCB Heads of Research crisis dataset

univariate Indicator bivariate Indicator Credit-to-GDP gap
Indicator Transformation AUC Logit coeff. pR2 Cr Co N AUC Logit coeff. Logit coeff. pR2 Cr Co N
Total credit (real) 3y growth 0.46 (0.06) -3.5e-03 -0.01 0.001 17 15 1138 |0.73*** (0.06) -0.036** (0.015) 6.736***  (2.035) 0.061 15 14 1110
1y growth 0.51 (0.05) 0.0044 -0.016  0.000 17 15 1226 |0.67*** (0.06) -0.029 (0.026)  4.451**  (1.760) 0.034 15 14 1158
relative gap 0.45 (0.07) -0.015 (0.020)  0.003 14 14 1074 [0.72*** (0.05) -0.059***  (0.023) 6.734***  (2.127) 0.064 14 14 1074
Total bank credit (real) 3y growth 0.50 (0.06) 0.0019 -0.0074 0.000 16 15 1125 (0.69** (0.07) -9.8e-03 -0.0082 5.104** (2.037) 0.043 14 14 1104
1y growth 0.56 (0.05) 0.013 (0.013)  0.003 17 15 1207 |0.64*  (0.06) 0.002 -0.014 4.044** (1.669) 0.033 15 14 1154
relative gap 0.50 (0.07) -1.8e-03 -0.013 0.000 13 14 1068 |0.69*** (0.07) -0.017 (0.013) 5.033** (2.018) 0.044 13 14 1068
Household credit (real) 3y growth 0.56 (0.06) 0.0025 -0.0063 0.001 14 14 848 |0.60 (0.07) -1.0e-03 -0.0058  3.071* (1.652) 0.020 14 14 841
1y growth 0.56 (0.06) 0.000084 -0.015 0.000 16 15 932 [0.61 (0.06) -3.1e-03 -0.015 3.339** (1.664) 0.024 14 14 905
relative gap 0.49 (0.09) -0.012 (0.022)  0.003 12 13 791 |0.62** (0.06) -0.018 (0.022) 2.605 (1.788) 0.017 12 13 791
Corporate credit (real) 3y growth 0.38 (0.07) -0.022 (0.017) 0.017 14 14 848 |0.74*** (0.05) -0.061***  (0.013) 7.702***  (1.854) 0.088 14 14 841
1y growth 0.52 (0.05) 0.0058 -0.017 0.000 16 15 932 |0.62*  (0.06) -0.014 (0.020) 3.555%* (1.642) 0.025 14 14 905
relative gap 0.30*** (0.06) -0.091** (0.044) 0.064 12 13 791 [0.79*** (0.04) -0.155***  (0.037) 7.986***  (2.286) 0.140 12 13 791
Total credit / GDP 0.66*** (0.05) 1.083*** (0.248)  0.067 27 18 2032 |0.70*** (0.04) 0.769* (0.450) 3.132 (2.302) 0.070 24 17 1726
3y growth 0.55 (0.06) 0.0043 -0.0088  0.001 27 18 1832 [0.69*** (0.05) -2.0e-03 -0.011 5.760***  (1.165) 0.054 24 17 1726
1y growth 0.57 (0.05) 0.026 (0.026)  0.005 27 18 1968 [0.69*** (0.05) 0.013 (0.031) 5.461*%**  (1.178) 0.055 24 17 1726
3y difference 0.66*** (0.05) 3.786*** (0.815)  0.049 27 18 1832 |0.68*** (0.05) -3.784 (3.599) 10.438**  (4.934) 0.058 24 17 1726
1y difference 0.65*** (0.05) 9.016*** (2.138)  0.054 27 18 1968 |0.69*** (0.05) 5.545* (3.259) 2.968 (2.114) 0.058 24 17 1726
trend gap 0.70*** (0.05) 5.667*** (1.211)  0.054 24 17 1726 |0.70*** (0.05) 5.667*** (1.211) 0 () 0.054 24 17 1726
relative gap 0.65**  (0.05) 0.046** (0.019)  0.037 24 17 1726 |0.69*** (0.05) 0.018 (0.024) 4.478***  (1.630) 0.056 24 17 1726
Sy m.a. gap 0.67*** (0.04) 6.081*** (1.383)  0.045 24 17 1726 |0.70*** (0.05) -1.576 (4.585) 6.947* (4.187) 0.054 24 17 1726
m.a. gap 0.68*** (0.04) 1.839***  (0.289) 0.072 24 17 1726 |0.70*** (0.04) 1.470%* (0.731) 1726 (2.775) 0.074 24 17 1726
1y diff. /S5y m.a. 0.66*** (0.05) 10.270***  (1.900)  0.091 27 18 1972 [0.68*** (0.05) 11.814***  (2.863) 0.0017 -1.9 0.097 24 17 1726
Total bank credit / GDP 0.66*** (0.05) 1.861***  (0.488) 0.063 27 18 2000 |0.70*** (0.04) 1.455%* (0.703)  2.798 (2.040) 0.077 24 17 1726
3y growth 0.54 (0.06) 0.0063 -0.0096 0.003 26 18 1806 |0.70*** (0.04) 0.001 -0.011 5.794***  (1.228) 0.058 23 17 1714
1y growth 0.58 (0.05) 0.034 (0.026)  0.009 27 18 1936 |0.68*** (0.04) 0.028 (0.030)  5.390*** (1.192) 0.061 24 17 1722
3y difference 0.67*** (0.05) 6.927*** (1.543)  0.065 26 18 1806 |0.68*** (0.05) 5.609* (3.151) 1.417 (2.887) 0.069 23 17 1714
1y difference 0.66*** (0.05) 19.420***  (3.901) 0.087 27 18 1936 |0.67*** (0.05) 21.438***  (6.521) -0.611 (2.544) 0.099 24 17 1722
trend gap 0.67**  (0.05) 8.101*** (1.828)  0.064 23 17 1707 |0.68*** (0.05) 5.769 (4.089) 1.987 (2.888) 0.065 23 17 1707
relative gap 0.63**  (0.05) 0.040*** (0.015)  0.038 23 17 1707 |0.69*** (0.05) 0.016 (0.019) 4.680***  (1.596) 0.061 23 17 1707
Sy m.a. gap 0.68*** (0.05) 11.691***  (2.355)  0.080 23 17 1707 (0.68*** (0.05) 12.338** (5.515) -0.429 (3.216) 0.080 23 17 1707
m.a. gap 0.70*** (0.04) 3.205*** (0.585)  0.086 23 17 1707 |0.71*** (0.04) 2.798*** (1.080) 1.197 (2.363) 0.087 23 17 1707
1y diff. /Sy m.a. 0.68*** (0.06) 18.452***  (4.180)  0.114 27 18 1940 [0.69*** (0.06) 19.367***  (5.142) -0.186 (2.150) 0.126 24 17 1722
Total household credit / GDP 0.67*** (0.06) 2.307*** (0.712)  0.060 23 18 1386 |0.73*** (0.04) 2.216*** (0.732) 2.835 (1.738) 0.097 20 17 1284
3y growth 0.56 (0.06) 0.0008 -0.0036 0.000 21 17 1207 |0.67** (0.06) -6.7e-04 -0.0048  4.853***  (1.459) 0.046 20 17 1181
1y growth 0.55 (0.05) -4.2e-03 -0.011 0.000 23 18 1330 |0.69*** (0.06) -8.7e-03 -0.019 5.390***  (1.466) 0.055 20 17 1252
3y difference 0.72%** (0.06) 12.924***  (2,503) 0.111 21 17 1207 [0.74*** (0.05) 17.506*** (4.751)  -3.144 (2.782) 0.125 20 17 1181
1y difference 0.68*** (0.06) 27.582***  (7.126)  0.082 23 18 1330 [0.72*** (0.06) 32.537***  (10.982) -0.293 (2.394) 0.107 20 17 1252
trend gap 0.70%** (0.06) 14.690***  (3.919) 0.066 19 16 1115 [0.69*** (0.05) 18.918** (8.225) -2.034 (3.482) 0.068 19 16 1115
relative gap 0.61 (0.06) 0.022 (0.016)  0.012 19 16 1115 |0.65** (0.06) 0.0056 -0.018 3.939** (1.648) 0.035 19 16 1115
Sy m.a. gap 0.72*** (0.05) 19.661***  (4.166) 0.099 19 16 1115 [0.72*** (0.06) 27.332***  (7.943) -3.595 (2.699) 0.107 19 16 1115
m.a. gap 0.71%** (0.05) 4.353*** (0.912) 0.068 19 16 1115 |0.72*** (0.05) 3.906*** (1.264) 1.003 (2.043) 0.069 19 16 1115
1y diff. / S5y m.a. 0.70%** (0.07) 28.504*** (5.937) 0.127 23 18 1330 [0.74*** (0.06) 33.338*** (6.930)  -0.448 (2.130) 0.161 20 17 1252
Total corporate credit / GDP 0.65*** (0.06) 1.573*** (0.444)  0.060 22 18 1373 |0.71*** (0.06) 0.797 (0.785) 3.896 (2.495) 0.062 20 17 1284
3y growth 0.52 (0.06) 0.0046 -0.01 0.002 20 17 1198 |0.67** (0.06) -5.9e-03 -0.017 5.204***  (1.780) 0.046 20 17 1173
1y growth 0.56 (0.05) 0.031 (0.023)  0.009 22 18 1321 |0.67*** (0.05) 0.016 (0.031) 4.957***  (1.578) 0.056 20 17 1252
3y difference 0.52 (0.06) 0.880 (1.976)  0.001 20 17 1198 |0.71*** (0.06) -13.445*** (4.402)  15.184*** (3.658) 0.113 20 17 1173
1y difference 0.60*  (0.05) 6.868** (3.117)  0.021 22 18 1321 |0.68*** (0.05) -4.154 (3.126) 6.598***  (1.982) 0.057 20 17 1252
trend gap 0.54 (0.07) 1.633 (2.767)  0.002 19 16 1100 |0.72*** (0.05) -21.392*** (4.516) 16.595*** (3.858) 0.104 19 16 1100
relative gap 0.55 (0.06) 0.031 (0.023)  0.011 19 16 1100 |0.66*** (0.05) -0.033 (0.042) 6.229** (3.073) 0.038 19 16 1100
Sy m.a. gap 0.54 (0.06) 2.003 (2.995) 0.003 19 16 1100 |0.68** (0.06) -15.521*** (5.473) 12.230*** (3.265) 0.074 19 16 1100
m.a. gap 0.63*  (0.06) 1.670** (0.669) 0.019 19 16 1100 |0.67*** (0.05) 0.401 (1.339) 3.632 (2.847) 0.034 19 16 1100
1y diff. /S5y m.a. 0.64*** (0.05) 12.146***  (3.402) 0.057 22 18 1321 |0.68*** (0.05) 7.965** (3.298) 3.103* (1.688) 0.066 20 17 1252

Robust standard errors adjusted for clustering are reported in the parentheses. *,** and *** indicate statistical significance at the 10%, 5% and 1 %-level.



Panel B: Measures of private sector debt burden, ESCB Heads of Research crisis dataset

univariate Indicator bivariate Indicator Credit-to-GDP gap
Indicator Transformation AUC Logit coeff. pR2 Cr Co N AUC Logit coeff. Logit coeff. pR2 Cr Co N
Household credit / Gross disposable income 0.59 (0.05) 1.0e-04 (7.1e-05) 0.001 17 11 1047 |0.70*** (0.06) 5.5e-05 (7.7e-05) 5.629***  (1.446) 0.066 17 11 1045
3y growth 0.72**  (0.06) 0.063***  (0.016) 0.099 15 11 949 [0.73*** (0.05) 0.050***  (0.019)  3.387**  (1.602) 0.116 15 11 949
1y growth 0.70%** (0.06) 0.166*** (0.047)  0.091 17 11 1011 |0.73*** (0.06) 0.129*** (0.047) 4,535%**  (1.297) 0.125 17 11 1011
3y difference 0.67*  (0.08) 8.7e-04** (3.6e-04) 0.004 15 11 949 [0.72*** (0.05) 5.4e-04 (4.0e-04) 5.578*** (1.414) 0.070 15 11 949
1y difference 0.66** (0.07) 1.7e-03** (8.5e-04) 0.002 17 11 1011 [0.72*** (0.05) 8.8e-04 (9.5e-04) 5.990*** (1.484) 0.076 17 11 1011
trend gap 0.69** (0.07) 1.5e-03*** (5.6e-04) 0.006 14 10 895 [0.70** (0.05) 9.4e-04 (6.3e-04) 4.790*** (1.431) 0.052 14 10 895
relative gap 0.69*** (0.06) 0.065** (0.025)  0.059 14 10 895 [0.71** (0.06) 0.047 (0.030) 2.953 (1.904) 0.072 14 10 895
Sy m.a. gap 0.68** (0.07) 1.3e-03** (6.0e-04) 0.004 14 10 895 [0.69*** (0.05) 8.1e-04 (6.5e-04) 4.828***  (1.415) 0.052 14 10 895
m.a. gap 0.67*** (0.05) 4.4e-04*** (1.5e-04) 0.007 14 10 895 [0.70%** (0.05) 3.2e-04*  (1.7e-04) 4.792*** (1.427) 0.054 14 10 895
Debt-service-ratio (BIS) 0.65*** (0.06) 0.038 (0.038) 0.010 18 12 1297 [0.68*** (0.05) 0.012 (0.038) 4.222%* (1.690) 0.038 18 12 1259
3y growth 0.57  (0.06) 0.017 (0.014)  0.011 17 12 1177 |0.66*** (0.05) 4.8e-03 (1.8e-02) 4.115%*  (1.889) 0.038 17 12 1163
1y growth 0.64**  (0.04) 0.075*** (0.023)  0.039 17 12 1257 |0.66*** (0.05) 0.061*** (0.021) 3.761***  (1.401) 0.063 17 12 1227
3y difference 0.57  (0.06) 0.103 (0.077)  0.013 17 12 1177 [0.66*** (0.05) 0.029 (0.078)  4.026**  (1.963) 0.038 17 12 1163
1y difference 0.66*** (0.04) 0.399*** (0.152)  0.046 17 12 1257 |0.67*** (0.05) 0.310*** (0.116) 3.544** (1.390) 0.066 17 12 1227
trend gap 0.61*  (0.06) 0.111 (0.092) 0.014 17 12 1107 |0.67*** (0.05) -0.016 (0.142)  4.431 (2.830) 0.035 17 12 1107
relative gap 0.61**  (0.06) 0.023 (0.018)  0.014 17 12 1107 [0.67** (0.05) -2.5e-03 (2.9e-02) 4.380 (2.736) 0.035 17 12 1107
Sy m.a. gap 0.60  (0.06) 0.262** (0.127)  0.029 17 12 1107 [0.64** (0.05) 0.160 (0.158)  3.058 (1.951) 0.044 17 12 1107
m.a. gap 0.69*** (0.05) 0.182*** (0.058)  0.058 17 12 1107 |0.70*** (0.05) 0.146*** (0.053) 2.863* (1.655) 0.071 17 12 1107
Debt-service-ratio (ESRB) 0.61**  (0.04) 1.525** (0.676)  0.010 29 26 2190 |0.70*** (0.05) 1.184*** (0.445) 5.156***  (1.293) 0.058 22 16 1482
3y growth 0.57 (0.05) 9.1e-03 (6.0e-03) 0.011 28 25 1925 [0.67** (0.05) 9.4e-03 (1.9e-02) 4.613** (1.881) 0.051 22 16 1422
1y growth 0.61**  (0.04) 0.020 (0.013)  0.009 28 26 2108 [0.67*** (0.05) 0.039 (0.034) 4.736***  (1.483) 0.060 22 16 1462
3y difference 0.59 (0.06) 8.224** (3.905) 0.013 28 25 1925 [0.70*** (0.05) -1.256 (5.258) 5.434***  (1.784) 0.049 22 16 1422
1y difference 0.64*** (0.04) 26.422***  (6.901) 0.028 28 26 2108 [0.68*** (0.05) 21.153** (9.431) 4.434%%*  (1.504) 0.068 22 16 1462
trend gap 0.59 (0.05) 15.130***  (4.739)  0.022 23 23 1788 |0.69** (0.06) -0.732 (9.183) 4,983** (2.307) 0.042 20 15 1391
relative gap 0.58 (0.05) 0.010 (0.011)  0.004 23 23 1788 |0.70*** (0.05) -0.022 (0.025) 6.298***  (2.186) 0.048 20 15 1391
Sy m.a. gap 0.62*  (0.06) 17.441***  (6.689) 0.026 23 23 1788 [0.68*** (0.06) 7.740 (6.478) 4.036%* (1.596) 0.045 20 15 1391
m.a. gap 0.71*%** (0.04) 11.061***  (2.898)  0.052 23 23 1788 [0.75*** (0.05) 9.243*** (3.203) 3.007* (1.574) 0.073 20 15 1391
Corporate debt-service-ratio (ESRB) 0.61  (0.07) 3.133***  (1.192) 0.037 17 25 1098 [0.72*** (0.06) 1.210 (1.262)  5.221**  (2.389) 0.075 13 15 906
3y growth 0.58 (0.06) 0.017* (0.010)  0.020 15 23 831 [0.68*** (0.07) -5.8e-03 (1.4e-02) 5.649*** (2.118) 0.060 13 15 762
1y growth 0.67*** (0.04) 0.052***  (0.019) 0.042 17 25 1007 |0.69*** (0.07) 0.047***  (0.017)  4.882**  (1.963) 0.090 13 15 858
3y difference 0.58 (0.07) 4.207 (3.308) 0.011 15 23 831 |[0.67*** (0.07) -2.823 (4.883) 6.022** (2.373) 0.062 13 15 762
1y difference 0.67*** (0.04) 11.301** (5.025)  0.025 17 25 1007 |0.70** (0.07) 15.418***  (5.760) 4,553** (2.042) 0.093 13 15 858
trend gap 0.48 (0.10) 1.220 (7.455)  0.000 12 19 702 |0.68** (0.08) -10.237 (9.517) 6.470** (3.004) 0.056 12 14 677
relative gap 0.47 (0.10) -3.3e-03 (2.2e-02) 0.000 12 19 702 |0.69*** (0.08) -0.036 (0.029) 6.335** (2.695) 0.061 12 14 677
Sy m.a. gap 0.60 (0.08) 8.203 (6.152) 0.017 12 19 702 [0.64*  (0.08) 1.919 (7.299) 3.889* (2.100) 0.040 12 14 677
m.a. gap 0.71*¥** (0.07) 7.731*** (2.615)  0.059 12 19 702 [0.71** (0.07) 6.513*** (2.326) 1.632 (2.569) 0.066 12 14 677
Household debt-service-ratio (ESRB) 0.66*** (0.06) 10.170***  (3.943)  0.047 17 25 1073 [0.75*** (0.06) 16.114***  (4.922) 2.847 (2.207) 0.133 13 15 881
3y growth 0.64**  (0.06) 0.012*** (0.004) 0.035 15 23 818 [0.68** (0.08) 9.9e-03** (4.6e-03) 4.810** (2.177) 0.071 13 15 749
1y growth 0.68*** (0.05) 0.036*** (0.012)  0.037 17 25 986 |0.69*** (0.07) 0.038* (0.020) 5.703** (2.283) 0.089 13 15 837
3y difference 0.70%** (0.06) 37.433***  (11.740) 0.087 15 23 818 [0.71*** (0.07) 37.532***  (12.416) 2.598 (2.551) 0.116 13 15 749
1y difference 0.73*** (0.05) 71.491***  (22.088) 0.085 17 25 986 |0.74*** (0.06) 83.616***  (24.264) 4.094 (2.531) 0.149 13 15 837
trend gap 0.65**  (0.06) 45.413***  (17.149) 0.046 12 19 690 [0.67** (0.06) 35.911** (18.003) 2.775 (2.507) 0.062 12 14 665
relative gap 0.63*  (0.07) 0.021 (0.015) 0.014 12 19 690 [0.64*  (0.07) 0.013 (0.014)  3.945* (2.188) 0.044 12 14 665
Sy m.a. gap 0.72*** (0.06) 64.416***  (20.647) 0.097 12 19 690 [0.72*** (0.07) 60.180***  (20.593) 2.024 (2.595) 0.108 12 14 665
m.a. gap 0.71**  (0.07) 34.915***  (10.214) 0.100 12 19 690 [0.70** (0.07) 32.399***  (9.777) 0.804 (2.479) 0.100 12 14 665
Household credit * 10y interest rate / GDP 0.56 (0.07) 0.208 (0.181)  0.011 17 20 99 [0.67** (0.07) 0.212 (0.194) 4.916%**  (1.606) 0.071 16 17 978
3y growth 0.54 (0.05) 3.6e-03 (4.0e-03) 0.003 15 17 810 [0.67*** (0.06) -3.8e-04 (5.8e-03) 4.265** (1.732) 0.048 15 17 810
1y growth 0.58*** (0.03) 9.0e-03** (4.0e-03) 0.006 16 19 932 |0.68*** (0.05) 0.010** (0.004) 4.820%**  (1.703) 0.064 16 17 923
3y difference 0.56 (0.05) 0.392 (0.265)  0.011 15 17 810 [0.67*** (0.06) 0.104 (0.301) 4.058** (1.861) 0.048 15 17 810
1y difference 0.60*** (0.03) 0.489* (0.263) 0.011 16 19 932 |0.68*** (0.05) 0.679*** (0.261) 4.728***  (1.707) 0.072 16 17 923
trend gap 0.47 (0.07) -0.109 (0.507) 0.000 13 16 713 [0.63*  (0.07) -0.418 (0.599) 3.659* (2.004) 0.032 13 16 713
relative gap 0.46 (0.07) -8.1e-03 (8.2e-03) 0.008 13 16 713 [0.64*  (0.07) -0.012 (0.010) 3.668* (1.943) 0.042 13 16 713
Sy m.a. gap 0.56 (0.05) 0.599 (0.391) 0.010 13 16 713 [0.62** (0.06) 0.305 (0.425) 2.878 (1.850) 0.030 13 16 713
m.a. gap 0.55 (0.06) 0.215 (0.238)  0.005 13 16 713 [0.63** (0.06) 0.028 (0.246) 3.144* (1.834) 0.028 13 16 713
Household credit * 3m interest rate / GDP 0.56 (0.06) 0.172 (0.140)  0.010 18 25 1363 |0.68** (0.07) 0.244* (0.142) 5.796***  (1.810) 0.082 16 17 1132
3y growth 0.66*** (0.04) 4.6e-03*** (1.7e-03) 0.034 18 25 1119 |0.72*** (0.05) 7.9e-03*** (2.5e-03) 4.496*** (1.663) 0.086 16 17 986
1y growth 0.74*** (0.04) 0.018*** (0.005)  0.074 18 25 1284 |0.79*** (0.04) 0.027*** (0.005) 6.254***  (1.833) 0.175 16 17 1086
3y difference 0.68*** (0.04) 0.496***  (0.156) 0.049 18 25 1119 |0.74*** (0.05) 0.734***  (0.155)  4.294*** (1.658) 0.128 16 17 986
1y difference 0.74*** (0.03) 0.964*** (0.349)  0.072 18 25 1284 |0.80*** (0.04) 1.484*** (0.215) 6.704***  (2.014) 0.204 16 17 1086
trend gap 0.71%** (0.04) 0.831*** (0.262) 0.059 17 24 961 |0.73*** (0.05) 0.977*** (0.228) 3.297** (1.350) 0.108 15 16 888
relative gap 0.71%** (0.04) 9.1e-03*** (3.2e-03) 0.050 17 24 961 [0.71*** (0.05) 8.5e-03*** (3.1e-03) 3.670** (1.488) 0.081 15 16 888
Sy m.a. gap 0.73*** (0.03) 0.881*** (0.268)  0.072 17 24 961 |0.76*** (0.04) 1.310*** (0.232) 3.795%* (1.776) 0.149 15 16 888
m.a. gap 0.63*** (0.05) 0.350** (0.149)  0.028 17 24 961 [0.68** (0.06) 0.500** (0.197) 3.768** (1.886) 0.075 15 16 888

Robust standard errors adjusted for clustering are reported in the parentheses. *,** and *** indicate statistical significance at the 10%, 5% and 1 %-level.



Panel C: Measures of potential overvaluation of property prices, ESCB Heads of Research crisis dataset

univariate Indicator bivariate Indicator Credit-to-GDP gap
Indicator Transformation AUC Logit coeff. pR2 Cr Co N AUC Logit coeff. Logit coeff. pR2 Cr Co N
Residential property real pr 3y growth 0.67*** (0.05) 0.022** (0.009) 0.045 26 17 1383 |0.68*** (0.04) 0.018 (0.011)  4.093***  (1.362) 0.067 22 14 1301
1y growth 0.61**  (0.05) 0.043** (0.020)  0.033 26 19 1519 (0.66*** (0.05) 0.028 (0.022) 4.726***  (1.316) 0.055 22 15 1345
relative gap 0.64*** (0.04) 0.032***  (0.011) 0.038 23 16 1288 [0.67*** (0.04) 0.023* (0.014)  3.911%** (1.494) 0.065 22 14 1262
Residential property price / rent 0.68*** (0.06) 0.019* (0.010) 0.046 26 20 1445 (0.67** (0.06) 0.012 (0.007) 3.853***  (1.184) 0.060 22 15 1364
3y growth 0.66*** (0.04) 0.018***  (0.006) 0.041 21 17 1268 |0.69*** (0.04) 0.014 (0.011)  4.542*** (1.374) 0.068 19 14 1223
1y growth 0.62*** (0.05) 0.031 (0.019)  0.018 24 19 1379 (0.69*** (0.04) 0.029 (0.025) 5.169***  (1.308) 0.066 22 15 1314
3y difference 0.69*** (0.04) 0.046*** (0.010) 0.084 21 17 1268 (0.70*** (0.04) 0.035** (0.015) 3.685***  (1.301) 0.087 19 14 1223
1y difference 0.65*** (0.05) 0.066** (0.026) 0.044 24 19 1379 (0.70*** (0.04) 0.060 (0.037) 4.826***  (1.310) 0.079 22 15 1314
trend gap 0.66*** (0.05) 0.054*** (0.020) 0.056 21 17 1177 (0.69*** (0.04) 0.044* (0.025) 3.350** (1.496) 0.081 19 14 1146
relative gap 0.61**  (0.05) 0.024* (0.013)  0.022 21 17 1177 |0.68*** (0.04) 0.019 (0.016)  4.299***  (1.379) 0.063 19 14 1146
Sy m.a. gap 0.70*** (0.04) 0.074*** (0.019) 0.088 21 17 1177 (0.70*** (0.04) 0.057** (0.026) 3.540***  (1.271) 0.087 19 14 1146
m.a. gap 0.72*** (0.04) 0.039***  (0.010) 0.110 21 17 1177 [0.71*** (0.04) 0.029** (0.012)  1.703 (1.692) 0.089 19 14 1146
Residential property price / income 0.71** (0.07) 0.021 (0.014)  0.055 25 21 1447 (0.69** (0.07) 0.013 (0.012) 4.355***  (1.186) 0.065 21 15 1326
3y growth 0.69*** (0.04) 0.042***  (0.010) 0.086 21 18 1251 [0.71*** (0.05) 0.035** (0.014)  3.918*** (1.187) 0.101 19 14 1176
1y growth 0.65*** (0.05) 0.071*** (0.022) 0.050 23 20 1377 [0.69*** (0.04) 0.061** (0.028) 5.029***  (1.181) 0.083 21 15 1274
3y difference 0.71*** (0.05) 0.068*** (0.014) 0.126 21 18 1251 (0.72*** (0.05) 0.060*** (0.020) 3.236***  (1.128) 0.121 19 14 1176
1y difference 0.67*** (0.05) 0.111***  (0.025) 0.085 23 20 1377 [0.70*** (0.04) 0.098***  (0.034)  4.693*** (1.172) 0.100 21 15 1274
trend gap 0.67*** (0.06) 0.080*** (0.025) 0.079 21 18 1146 (0.69*** (0.06) 0.060** (0.031) 3.771%**  (1.341) 0.096 19 14 1092
relative gap 0.63** (0.05) 0.043***  (0.017) 0.042 21 18 1146 |0.69*** (0.05) 0.033 (0.021)  4.395***  (1.368) 0.078 19 14 1092
S5y m.a. gap 0.72*** (0.05) 0.113*** (0.025) 0.141 21 18 1146 (0.72*** (0.05) 0.093*** (0.031) 3.443***  (1.263) 0.126 19 14 1092
m.a. gap 0.77*** (0.05) 0.062***  (0.014) 0.180 21 18 1146 |0.75*** (0.04) 0.057***  (0.018)  0.101 (1.717) 0.142 19 14 1092
Robust standard errors adjusted for clustering are reported in the parentheses. *,** and *** indicate statistical significance at the 10%, 5% and 1 %-level.
Panel D: Measures of external imbalances, ESCB Heads of Research crisis dataset
univariate Indicator bivariate Indicator Credit-to-GDP gap
Indicator Transformation AUC Logit coeff. pR2 Cr Co N AUC Logit coeff. Logit coeff. pR2 Cr Co N
Current account / GDP 0.44 (0.05) -0.141 (0.090) 0.010 26 26 1788 (0.67*** (0.05) -0.141 (0.151) 4.744**%*  (1.445) 0.056 20 17 1254
3y growth 0.57* (0.04) 5.8e-06 (2.3e-05) 0.000 24 26 1532 [0.69*** (0.06) 3.2e-06 (1.1e-05) 5.025***  (1.487) 0.054 20 17 1128
1y growth 0.54 (0.03) 3.9e-05 (5.8e-05) 0.001 26 26 1704 (0.69*** (0.05) 2.6e-05 (5.9e-05) 5.037***  (1.419) 0.052 20 17 1220
3y difference 0.40%*  (0.04) -0.228**  (0.113) 0.014 24 26 1533 |0.68*** (0.05) -0.210 (0.234)  4.684***  (1.505) 0.058 20 17 1128
1y difference 0.43*** (0.03) -0.177 (0.108)  0.005 26 26 1705 [0.68*** (0.05) -0.168 (0.273) 4.972***  (1.420) 0.053 20 17 1220
Capital account / GDP 0.50 (0.04) 20.669 (48.383) 0.000 18 21 1021 |0.68*** (0.06) -75.686 (97.844)  4.737***  (1.726) 0.049 16 17 898
3y growth 0.51 (0.03) 4.1e-05 (5.1e-05) 0.001 14 21 730 (0.67*** (0.05) 6.6e-05 (4.7e-05) 3.933** (1.620) 0.044 13 17 660
1y growth 0.45*  (0.03) -5.9e-05  (7.8e-05) 0.000 17 21 884 |0.67*** (0.05) -9.9e-05  (8.1e-05) 4.250*** (1.592) 0.047 15 17 781
3y difference 0.48 (0.05) 49.596 (56.970) 0.002 16 21 787 |0.68*** (0.05) 1.644 (154.752) 4.280***  (1.648) 0.049 15 17 715
1y difference 051  (0.03) 10.994 (17.340)  0.000 18 21 941 |0.68*** (0.05) 28.661 (68.375)  4.480*** (1.635) 0.049 16 17 836
Portfolio investments / GDP 0.48 (0.07) -0.379 (0.600) 0.005 16 21 622 (0.66** (0.07) 0.949 (0.580) 3.378 (2.087) 0.049 14 17 533
3y growth 0.49 (0.07) -7.3e-05 (1.8e-04) 0.000 12 20 382 (0.59 (0.10) 4.6e-04 (1.6e-03) 1.002 (2.200) 0.003 10 16 343
1y growth 0.45 (0.05) -1.4e-04 (2.3e-04) 0.001 16 21 537 (0.63 (0.09) -5.9e-05 (2.6e-04) 2.761 (2.050) 0.024 14 17 466
3y difference 0.48 (0.08) -0.972 (0.681)  0.011 12 20 382 (0.56 (0.10) -0.317 (0.689) 0.993 (2.192) 0.004 10 16 343
1y difference 0.49 (0.07) -1.403* (0.717)  0.014 16 21 537 [0.61 (0.09) -1.247 (1.353)  2.625 (2.028) 0.028 14 17 466
Other investments / GDP 0.48 (0.07) -0.379 (0.600) 0.005 16 21 622 (0.66** (0.07) 0.949 (0.580) 3.378 (2.087) 0.049 14 17 533
3y growth 049  (0.07) -7.3e-05  (1.8e-04) 0.000 12 20 382 [0.59  (0.10) 4.6e-04  (1.6e-03) 1.002 (2.200) 0.003 10 16 343
1y growth 0.45 (0.05) -1.4e-04 (2.3e-04) 0.001 16 21 537 (0.63 (0.08) -5.9e-05 (2.6e-04) 2.761 (2.050) 0.024 14 17 466
3y difference 048  (0.08) -0.972 (0.681) 0.011 12 20 382 [0.56  (0.10) -0.317 (0.689)  0.993 (2.192) 0.004 10 16 343
1y difference 0.49 (0.07) -1.403* (0.717)  0.014 16 21 537 [0.61 (0.09) -1.247 (1.353) 2.625 (2.028) 0.028 14 17 466

Robust standard errors adjusted for clustering are reported in the parentheses. *,** and *** indicate statistical significance at the 10%, 5% and 1 %-level.



Panel E: Measures of potential mispricing of risk, ESCB Heads of Research crisis dataset

univariate Indicator bivariate Indicator Credit-to-GDP gap
Indicator Transformation AUC Logit coeff. pR2 Cr Co N AUC Logit coeff. Logit coeff. pR2 Cr Co N
Stock market volatility 0.40%** (0.04) -4.629** (1.821)  0.020 30 27 2116 |0.69*** (0.04) -6.126** (2.390) 5.947***  (1.388) 0.079 23 17 1555
3y growth 0.40%** (0.03) -6.8e-03*** (1.8¢-03) 0.027 29 27 1865 |0.71*** (0.03) -9.8e-03*** (2.4e-03) 6.255*** (1.254) 0.104 23 17 1468
1y growth 0.50 (0.02) -1.6e-03 (1.1e-03) 0.001 29 27 2034 [0.69*** (0.05) -8.3e-04 (1.4e-03) 5.333***  (1.260) 0.052 23 17 1535
3y difference 0.40*** (0.03) -2.097***  (0.774) 0.011 29 27 1866 |0.71*** (0.03) -4.393***  (1.141) 6.031***  (1.221) 0.092 23 17 1468
1y difference 0.49 (0.02) -0.178 (0.386)  0.000 29 27 2035 [0.69*** (0.05) 0.047 (0.606) 5.345%**  (1.262) 0.051 23 17 1535
Stock market index 3y growth 0.58*  (0.05) 1.8e-03 (2.3e-03) 0.003 18 14 922 |0.68** (0.07) 4.8e-03* (2.6e-03) 5.590*** (1.691) 0.074 17 13 876
1y growth 0.62*** (0.03) 8.8e-03*** (2.8e-03) 0.012 20 14 1016 [0.71*** (0.05) 0.018*** (0.004) 6.389%**  (1.568) 0.099 19 13 954
Bank stock index 3y growth 0.65**  (0.06) 5.8e-03**  (2.9e-03) 0.027 16 13 1015 [0.72*** (0.05) 8.4e-03*** (3.0e-03) 5.913*** (1.495) 0.099 16 13 1015
1y growth 0.61*** (0.04) 6.1e-03**  (2.7e-03) 0.006 18 13 1106 [0.68*** (0.03) 0.011*** (0.003) 5.271%*%*  (1.273) 0.062 18 13 1106
Stock market P/E ratio 0.44 (0.04) -0.030** (0.012) 0.025 15 22 766 |0.66** (0.07) -0.042** (0.017) 4.430* (2.305) 0.075 12 16 664
3y growth 0.26*** (0.07) -0.015** (0.006) 0.145 13 21 523 [0.76*** (0.06) -0.016** (0.007) 3.869** (1.860) 0.173 12 16 496
1y growth 0.46 (0.03) -5.5e-04 (1.1e-03) 0.004 15 22 686 |0.67** (0.06) -6.6e-03*** (1.3e-03) 4.278** (2.177) 0.071 12 16 612
3y difference 0.26%** (0.06) -0.022**  (0.009) 0.113 13 21 523 [0.73*** (0.07) -0.025**  (0.010)  4.815**  (1.996) 0.161 12 16 496
1y difference 0.46 (0.03) -2.8e-04** (1.1e-04) 0.000 15 22 686 [0.64*  (0.08) -3.7e-04** (1.5e-04) 4.071* (2.213) 0.041 12 16 612
Stock market P/B ratio 0.80%** (0.09) 1.999** (0.980) 0.198 12 14 152 |0.80%** (0.11) 2.008* (1.045)  -1.779 (2.618) 0.208 12 14 152
1y growth 0.64*** (0.04) 0.021*** (0.008) 0.048 10 13 98  |0.66*** (0.05) 0.020** (0.009) -1.711 (2.542) 0.060 10 13 98
1y difference 0.66*** (0.04) 1.817*** (0.462) 0.090 10 13 98  |0.68*** (0.04) 1.762*** (0.513) -1.582 (2.465) 0.100 10 13 98
Stock market dividend yield 0.33*** (0.04) -0.774***  (0.194) 0.076 12 14 378 [0.68*** (0.05) -0.823***  (0.207) 1.916 (1.912) 0.085 12 14 378
3y growth 0.21*** (0.04) -0.035***  (0.008) 0.227 12 14 210 [0.80*** (0.04) -0.037***  (0.008) 1.767 (2.368) 0.235 12 14 210
1y growth 0.44 (0.05) -0.012** (0.005)  0.023 12 14 322 |0.58 (0.06) -0.012** (0.005) 0.674 (2.034) 0.024 12 14 322
3y difference 0.19%** (0.04) -1.394***  (0.309) 0.248 12 14 210 [0.81*** (0.04) -1.483***  (0.295) 1.997 (2.357) 0.258 12 14 210
1y difference 0.43 (0.06) -0.144 (0.089)  0.005 12 14 322 |0.59*  (0.07) -0.147 (0.099) 0.536 (1.992) 0.006 12 14 322
Household lending spread 0.37 (0.07) -0.207 (0.262)  0.010 17 27 470 |0.71** (0.09) -0.704 (0.674) 0.346 (2.288) 0.060 13 17 337
3y growth 0.19*** (0.06) -0.031** (0.013) 0.221 14 22 165 (0.82*** (0.07) -0.030* (0.016) -0.135 (2.571) 0.229 11 17 141
1y growth 0.37*  (0.06) -6.7e-04 (1.0e-03) 0.003 17 27 362 [0.63*  (0.07) -1.1e-03 (2.8e-03) 0.963 (1.995) 0.009 13 17 269
3y difference 0.19%** (0.07) -1.462**  (0.611) 0.226 14 22 165 |[0.84*** (0.07) -1.642* (0.887)  0.553 (2.757) 0.259 11 17 141
1y difference 0.38**  (0.05) -0.296 (0.257)  0.015 17 27 362 [0.70*** (0.06) -0.666 (0.653) 1.439 (2.061) 0.048 13 17 269
Corporate lending spread 0.37** (0.06) -0.673**  (0.297) 0.039 16 26 453 [0.64** (0.06) -0.653 (0.426)  1.473 (2.107) 0.033 12 16 320
3y growth 0.27*** (0.09) -0.042***  (0.013) 0.154 14 21 157 [0.70*  (0.10) -0.040***  (0.015) -0.765 (2.036) 0.129 11 16 133
1y growth 0.46 (0.04) -7.3e-03  (5.4e-03) 0.009 16 26 349 [0.62** (0.06) -0.017***  (0.006)  1.740 (1.979) 0.033 12 16 256
3y difference 0.25*%** (0.08) -2.726***  (0.830) 0.173 14 21 157 [0.72*  (0.09) -2.810***  (1.014) -0.798 (1.998) 0.152 11 16 133
1y difference 0.45 (0.05) -0.316 (0.287)  0.005 16 26 349 [0.60** (0.06) -1.152***  (0.375) 1.557 (1.968) 0.035 12 16 256
High-yield spread 0.12*** (0.02) -0.010***  (0.002) 0.317 17 27 1017 [0.92*** (0.01) -0.015***  (0.002) 5.512** (2.397) 0.451 13 17 635
3y growth 0.29*** (0.03) -0.015***  (0.004) 0.142 17 27 732 [0.81*** (0.04) -0.026***  (0.002) 5.026** (2.296) 0.270 13 17 448
1y growth 0.48 (0.01) -4.8e-03*** (6.7e-04) 0.015 17 27 926 [0.61*  (0.06) -5.6e-03*** (7.2e-04) 2.693 (2.004) 0.034 13 17 579
3y difference 0.31*%** (0.03) -1.2e-03*** (1.9e-04) 0.068 17 27 732 [0.75*** (0.04) -1.7e-03*** (2.6e-04) 3.606* (2.070) 0.134 13 17 448
1y difference 0.53*  (0.01) -6.2e-05 (1.0e-04) 0.000 17 27 926 |0.58 (0.07) 7.1e-06 (1.2e-04) 2.451 (2.039) 0.016 13 17 579
trend gap 0.48 (0.04) -4.9e-04** (2.3e-04) 0.005 17 27 555 [0.57 (0.09) -6.7e-04 (5.0e-04) 1.990 (2.116) 0.016 13 17 329
relative gap 0.48 (0.03) -7.1e-03*** (1.5e-03) 0.037 17 27 555 [0.61 (0.08) -1.0e-02*** (2.4e-03) 2.682 (2.019) 0.064 13 17 329
Sy m.a. gap 0.48 (0.04) -7.1e-04*** (2.6e-04) 0.011 17 27 555 [0.59 (0.09) -1.1e-03** (5.2e-04) 2.327 (2.130) 0.028 13 17 329
m.a. gap 0.49 (0.03) -2.8e-03*** (5.0e-04) 0.058 17 27 555 [0.68*** (0.07) -4.4e-03*** (8.1e-04) 3.787* (2.168) 0.112 13 17 329
CBOE Volatility Index 0.27*** (0.03) -0.130***  (0.030) 0.090 34 27 1948 [0.83*** (0.03) -0.208***  (0.042) 8.464***  (1.735) 0.248 18 17 1173
3y growth 0.14*** (0.03) -0.042***  (0.011) 0.232 32 27 1638 [0.94*** (0.01) -0.091***  (0.018)  7.822*** (2.809) 0.504 17 17 1017
1y growth 0.31%** (0.02) -0.021***  (0.003) 0.045 34 27 1844 [0.74*** (0.04) -0.029***  (0.003) 5.891***  (1.452) 0.128 18 17 1121
3y difference 0.15*** (0.03) -0.161***  (0.029)  0.245 32 27 1638 [0.94*** (0.01) -0.276***  (0.043) 7.693***  (2.461) 0.490 17 17 1017
1y difference 0.32%** (0.02) -0.069***  (0.009) 0.031 34 27 1844 [0.72*** (0.04) -0.090***  (0.013) 5.760***  (1.469) 0.103 18 17 1121
trend gap 0.11*** (0.03) -0.275***  (0.051) 0.319 23 27 1507 [0.96*** (0.01) -0.506***  (0.113) 5.999** (2.730) 0.568 14 17 948
relative gap 0.10%** (0.03) -0.062***  (0.014)  0.335 23 27 1507 [0.97*** (0.01) -0.139***  (0.046) 6.163** (3.059) 0.604 14 17 948
Sy m.a. gap 0.14*** (0.03) -0.266***  (0.047)  0.254 23 27 1507 [0.93*** (0.02) -0.421***  (0.043) 6.569***  (2.267) 0.459 14 17 948
m.a. gap 0.11*** (0.02) -0.388***  (0.123)  0.301 23 27 1507 [0.94*** (0.02) -0.788***  (0.240) 9.801** (4.198) 0.500 14 17 948

continues on next page...



German 10y Bund 0.39%** (0.04) -0.210***  (0.081) 0.022 43 27 3633 |0.67*** (0.04) -0.138 (0.168)  4.659**  (1.988) 0.060 24 17 1726
3y growth 053  (0.03) 1.9e-03 (3.5e-03) 0.000 42 27 3314 [0.70%** (0.05) -3.6e-04  (5.4e-03) 5.661*** (1.222) 0.054 24 17 1726
1y growth 0.55*  (0.02) 8.9e-03*  (4.9e-03) 0.003 42 27 3528 [0.68*** (0.05) 8.2e-03 (7.0e-03) 5.781*** (1.211) 0.056 24 17 1726
3y difference 0.57**  (0.03) 0.092** (0.047)  0.004 42 27 3314 [0.69*** (0.04) 0.084 (0.072)  5.691*** (1.207) 0.057 24 17 1726
1y difference 0.55*  (0.03) 0.109 (0.079)  0.002 42 27 3528 [0.68*** (0.05) 0.065 (0.140)  5.686***  (1.209) 0.054 24 17 1726
trend gap 0.60*** (0.02) 0.220%**  (0.071) 0.008 40 27 3136 [0.69*** (0.05) 0.118 (0.127)  5.660*** (1.215) 0.056 24 17 1726
relative gap 0.57%** (0.02) 0.013***  (0.005 0.006 40 27 3136 [0.69*** (0.05) 4.7e-03 (7.7e-03) 5.681*** (1.223) 0.054 24 17 1726
Sy m.a. gap 0.59*** (0.03) 0.191** (0.075)  0.007 40 27 3136 [0.69*** (0.04) 0.131 (0.116)  5.703***  (1.208) 0.056 24 17 1726
m.a. gap 0.42*  (0.04) -0.170 (0.104)  0.008 40 27 3136 [0.67*** (0.04) -0.141 (0.198)  4.993*** (1.791) 0.058 24 17 1726
German 1y bill 050  (0.04) 0.051 (0.066) 0.002 37 27 2424 [0.70*** (0.03) -8.5e-03  (1.0e-01) 5.313*** (1.589) 0.055 21 17 1402
3y growth 0.63*** (0.02) 8.4e-03*** (1.5e-03) 0.032 35 27 2130 [0.71*** (0.03) 7.5e-03*** (1.8e-03) 5.552*** (1.318) 0.081 19 17 1264
1y growth 0.72*** (0.03) 0.025***  (0.003) 0.085 37 27 2324 [0.79*** (0.02) 0.029***  (0.003)  6.700*** (1.079) 0.169 21 17 1354
3y difference 0.65%** (0.02) 0.210%**  (0.039) 0.038 35 27 2130 [0.71*** (0.03) 0.181***  (0.041)  5.471*** (1.322) 0.083 19 17 1264
1y difference 0.70*** (0.03) 0.511***  (0.107) 0.065 37 27 2324 [0.76*** (0.03) 0.621***  (0.110)  6.756*** (1.087) 0.144 21 17 1354
trend gap 0.70%** (0.03) 0.433***  (0.075) 0.072 34 27 1948 [0.75*** (0.04) 0.487***  (0.078)  6.000*** (1.519) 0.130 18 17 1173
relative gap 0.72*** (0.03) 0.020***  (0.003) 0.083 34 27 1948 [0.77*** (0.03) 0.024***  (0.004)  6.177*** (1.487) 0.152 18 17 1173
Sy m.a. gap 0.67*** (0.02) 0.368***  (0.069) 0.049 34 27 1948 [0.73*** (0.03) 0.429***  (0.060)  5.953*** (1.455) 0.113 18 17 1173
m.a. gap 0.60%*  (0.04) 0.189** (0.074)  0.021 34 27 1948 [0.68*** (0.05) 0.083 (0.099)  5.470*** (1.602) 0.060 18 17 1173
German 1m bill 045  (0.04) -0.028 (0.053)  0.001 37 27 2816 [0.71*** (0.03) -0.051 (0.097)  5.490*** (1.608) 0.063 21 17 1586
3y growth 0.60%** (0.02) 2.0e-03**  (8.6e-04) 0.003 37 27 2524 [0.69*** (0.03) 2.2e-03*  (1.3e-03) 5.572*** (1.108) 0.058 21 17 1450
1y growth 0.66*** (0.03) 9.7e-03*** (1.9e-03) 0.023 37 27 2720 [0.72*** (0.03) 0.014***  (0.003)  6.780*** (1.044) 0.100 21 17 1542
3y difference 0.62%** (0.02) 0.087***  (0.024) 0.012 37 27 2524 [0.68*** (0.03) 0.071 (0.044)  5.486*** (1.092) 0.061 21 17 1450
1y difference 0.63*** (0.03) 0.177***  (0.054) 0.014 37 27 2720 [0.69*** (0.03) 0.252***  (0.086)  6.550*** (1.069) 0.083 21 17 1542
trend gap 0.72** (0.03) 0.413***  (0.077) 0.077 37 27 2349 [0.71*** (0.03) 0.298***  (0.115)  5.238*** (1.082) 0.089 21 17 1366
relative gap 0.73*** (0.03) 0.020***  (0.003) 0.076 37 27 2349 [0.74*** (0.03) 0.018***  (0.004)  5.638*** (1.049) 0.111 21 17 1366
Sy m.a. gap 0.68*** (0.03) 0.385***  (0.078) 0.058 37 27 2349 [0.70*** (0.03) 0.296***  (0.107)  5.549*** (1.062) 0.085 21 17 1366
m.a. gap 056 (0.04) 0.176** (0.082)  0.016 37 27 2349 [0.69*** (0.04) 0.032 (0.109)  5.483*** (1.341) 0.056 21 17 1366
US 10y T-note 0.43* (0.04) -0.116**  (0.054) 0.012 43 27 3633 [0.70*** (0.05) -7.5e-03  (9.9e-02) 5.585*** (2.087) 0.054 24 17 1726
3y growth 0.58** (0.03) 6.7e-03**  (3.4e-03) 0.005 42 27 3314 [0.72*** (0.03) 0.021***  (0.004)  6.851*** (1.221) 0.09 24 17 1726
1y growth 053  (0.02) 5.7e-03*  (3.2e-03) 0.001 42 27 3528 [0.69*** (0.04) 0.015***  (0.003)  5.837*** (1.194) 0.063 24 17 1726
3y difference 0.56** (0.03) 0.036 (0.044)  0.001 42 27 3314 [0.70%** (0.03) 0.182***  (0.062)  6.205*** (1.209) 0.073 24 17 1726
1y difference 050  (0.02) 0.025 (0.038)  0.000 42 27 3528 [0.68*** (0.04) 0.128** (0.054)  5.761%** (1.176) 0.057 24 17 1726
trend gap 051  (0.05) -0.025 (0.084)  0.000 40 27 3136 [0.68*** (0.03) 0.196 (0.122)  5.395*** (1.240) 0.065 24 17 1726
relative gap 055  (0.05) 0.013 (0.009)  0.008 40 27 3136 [0.72*** (0.03) 0.038***  (0.012)  5.125*** (1.199) 0.108 24 17 1726
Sy m.a. gap 0.56*  (0.03) 0.047 (0.057)  0.001 40 27 3136 [0.70%** (0.03) 0.262***  (0.084)  6.136*** (1.182) 0.071 24 17 1726
m.a. gap 0.40%** (0.03) -0.146***  (0.053)  0.018 40 27 3136 [0.70*** (0.05) 0.012 (0.093)  5.781*** (1.872) 0.054 24 17 1726
US 1y T-bill 050  (0.04) 0.017 (0.036)  0.000 37 27 2424 [0.69*** (0.06) 0.125* (0.069)  6.746*** (1.908) 0.073 21 17 1402
3y growth 0.75%** (0.04) 9.0e-03*** (1.6e-03) 0.143 35 27 2130 [0.86*** (0.03) 0.013***  (0.003)  6.368*** (1.206) 0.321 19 17 1264
1y growth 0.69%** (0.03) 0.014***  (0.002) 0.062 37 27 2324 [0.80*** (0.03) 0.021***  (0.002)  6.143*** (0.961) 0.192 21 17 1354
3y difference 0.74*** (0,04) 0.329***  (0.070) 0.110 35 27 2130 [0.84*** (0.03) 0.559***  (0.119)  7.312*** (1.326) 0.284 19 17 1264
1y difference 0.67*** (0.03) 0.339***  (0.063) 0.049 37 27 2324 [0.78*** (0.03) 0.551***  (0.103)  6.265*** (1.002) 0.159 21 17 1354
trend gap 0.69%** (0.03) 0.479***  (0.123) 0.064 34 27 1948 [0.82*** (0.04) 0.915***  (0.220)  7.807*** (1.626) 0.229 18 17 1173
relative gap 0.71%** (0.04) 0.022***  (0.005) 0.113 34 27 1948 [0.86*** (0.04) 0.039***  (0.008)  7.554*** (1.472) 0.336 18 17 1173
Sy m.a. gap 0.74*** (0,04) 0.544***  (0.133) 0.109 34 27 1948 [0.87*** (0.04) 1.059***  (0.256)  7.983*** (1.677) 0.335 18 17 1173
m.a. gap 0.66*** (0.03) 0.367***  (0.100) 0.047 34 27 1948 [0.77*** (0.04) 0.585***  (0.132)  7.119*** (1.593) 0.157 18 17 1173
US 1m T-bill 044  (0.04) -0.048* (0.028)  0.005 37 27 2816 |0.70%** (0.04) 0.044 (0.050)  6.502*** (1.755) 0.064 21 17 1586
3y growth 0.72%** (0.03) 7.4e-03*** (1.3e-03) 0.117 37 27 2524 [0.82*** (0.03) 0.010***  (0.002)  6.248*** (0.857) 0.259 21 17 1450
1y growth 0.69%** (0.03) 0.015%**  (0.002) 0.079 37 27 2720 [0.80*** (0.03) 0.022***  (0.003)  7.168*** (0.866) 0.233 21 17 1542
3y difference 0.69%** (0.03) 0.145***  (0.030) 0.043 37 27 2524 [0.77*** (0.03) 0.239***  (0.050)  6.563*** (0.936) 0.151 21 17 1450
1y difference 0.65%** (0.03) 0.123***  (0.028) 0.015 37 27 2720 [0.72*** (0.03) 0.225***  (0.051)  6.412*** (1.001) 0100 21 17 1542
trend gap 0.68*** (0.03) 0.351***  (0.083) 0.062 37 27 2349 [0.76*** (0.04) 0.455***  (0.156)  5.738*** (0.966) 0.142 21 17 1366
relative gap 0.70%** (0.03) 0.016***  (0.003) 0.109 37 27 2349 [0.81*** (0.04) 0.023***  (0.005)  6.342*** (1.112) 0.258 21 17 1366
Sy m.a. gap 0.74*** (0.04) 0.492***  (0.103) 0.114 37 27 2349 [0.81*** (0.04) 0.697***  (0.181)  6.802*** (1.017) 0.244 21 17 1366
m.a. gap 0.63*** (0.03) 0.305***  (0.089) 0.033 37 27 2349 [0.75*** (0.04) 0.508***  (0.105)  7.247*** (1.347) 0.140 21 17 1366

Robust standard errors adjusted for clustering are reported in the parentheses. *,** and *** indicate statistical significance at the 10%, 5% and 1 %-level.



Panel F: Measures of the strength of bank balance sheets, ESCB Heads of Research crisis dataset

univariate Indicator bivariate Indicator Credit-to-GDP gap
Indicator Transformation AUC Logit coeff. pR2 Cr Co N AUC Logit coeff. Logit coeff. pR2 Cr Co N
Leverage ratio 0.33*** (0.05) -0.260***  (0.072) 0.057 16 26 743 |0.64* (0.07) -0.243***  (0.090) 1.736 (1.947) 0.050 13 17 570
3y growth 0.37*  (0.06) -0.024 (0.019) 0.022 16 25 435 [0.59  (0.07) -0.015 (0.021)  0.197 (2.327) 0.009 13 17 366
1y growth 0.42* (0.04) -0.023 (0.018) 0.009 16 26 639 |0.55 (0.07) -9.4e-03 (2.4e-02) 1.461 (2.089) 0.007 13 17 502
3y difference 040  (0.06) -0.165 (0.178)  0.007 16 25 435 [0.53  (0.06) -0.050 (0.204)  0.498 (2.229) 0.002 13 17 366
1y difference 0.43 (0.04) -0.247 (0.185) 0.007 16 26 639 [0.54 (0.06) -0.098 (0.289) 1.479 (2.072) 0.007 13 17 502
Loans / deposits 0.57  (0.07) 5.7e-03** (2.9e-03) 0.016 16 26 525 [0.57  (0.08) 4.8e-03 (2.9e-03) 1.125 (1.832) 0.022 13 17 387
3y growth 0.45 (0.09) -8.1e-03 (1.7e-02) 0.005 15 24 220 (0.62 (0.09) -0.011 (0.028) -0.695 (2.365) 0.008 12 17 186
1y growth 056  (0.06) 0.025 (0.026) 0.007 16 26 421 |0.55  (0.06) 0.030 (0.039)  1.563 (2.006) 0.015 13 17 319
3y difference 0.47 (0.08) 1.8e-03 (1.6e-02) 0.000 15 24 220 (0.54 (0.11) 0.011 (0.024) -1.020 (2.422) 0.007 12 17 186
1y difference 0.59 (0.06) 0.042* (0.024) 0.025 16 26 421 |0.58 (0.06) 0.055** (0.026) 1.215 (2.049) 0.037 13 17 319
Total assets / GDP 0.65*** (0.06) 0.032** (0.016) 0.008 15 21 771 [0.66*** (0.06) 0.309** (0.154) 2.078 (2.137) 0.056 13 17 664
3y growth 0.53 (0.06) 4.6e-03 (9.1e-03) 0.001 15 20 523 (0.55 (0.07) 3.3e-03 (1.1e-02) 1.432 (2.345) 0.007 13 17 484
1y growth 0.61**  (0.05) 0.040%* (0.020) 0.015 15 21 687 [0.61  (0.06) 0.031 (0.022)  2.099 (2.059) 0.024 13 17 604
3y difference 0.62 (0.06) 0.449* (0.270) 0.018 15 20 523 |0.62 (0.07) 0.957* (0.503) 0.107 (2.545) 0.034 13 17 484
1y difference 0.64**  (0.06) 0.973* (0.535) 0.028 15 21 687 [0.65* (0.07) 2.473***  (0.821)  1.072 (2.214) 0.058 13 17 604
Non-core liabilities / GDP 0.64* (0.08) 0.057** (0.023) 0.015 14 20 400 |0.65** (0.08) 0.548** (0.266) 1.150 (1.812) 0.051 12 16 349
3y growth 0.30*  (0.09) -0.022* (0.013) 0.067 12 19 174 [0.68*  (0.09) -0.027* (0.015)  0.776 (2.915) 0.072 11 16 160
1y growth 0.53 (0.06) 6.6e-03 (1.9e-02) 0.001 14 20 320 (0.57 (0.08) -5.6e-05 (2.1e-02) 1.703 (2.075) 0.010 12 16 285
3y difference 061  (0.12) 1.244 (0.759) 0.050 12 19 174 [0.58  (0.11) 1.058 (1.214)  -1.324 (2.433) 0.016 11 16 160
1y difference 0.63* (0.08) 3.090** (1.260) 0.069 14 20 320 [0.62* (0.08) 3.288* (1.682) 0.490 (2.008) 0.049 12 16 285
Non-core liabilities / Total assets 0.68*** (0.07) 4.470** (1.900) 0.066 15 25 478 |0.66** (0.08) 3.944 (2.808)  0.959 (1.738) 0.054 12 16 349
3y growth 0.45 (0.09) -3.6e-03 (1.9e-02) 0.001 13 23 192 (0.61 (0.10) -0.037 (0.030) -0.488 (2.563) 0.040 11 16 160
1y growth 052  (0.06) 0.011 (0.022) 0.002 15 25 378 |0.57  (0.08) -0.014 (0.034) 1677 (1.977) 0.012 12 16 285
3y difference 0.48 (0.09) 1.613 (5.433) 0.002 13 23 192 |0.58 (0.09) -4.100 (10.221) -0.368 (2.508) 0.006 11 16 160
1y difference 0.55 (0.05) 7.937 (5.666) 0.012 15 25 378 |0.56 (0.06) 5.835 (9.987) 1.657 (2.023) 0.014 12 16 285
Foreign currency cross border loans / GDP 0.70**  (0.06) 0.435%** (0.117)  0.006 13 15 878 [0.74*** (0.04) 13.582** (5.555) 2.939 (2.592) 0.069 11 11 798
3y growth 0.44 (0.07) -4.0e-03 (2.6e-03) 0.018 12 14 685 (0.64* (0.08) -4.6e-03* (2.4e-03) 4.277** (1.995) 0.054 10 11 649
1y growth 0.51  (0.05) -2.9e-03  (3.4e-03) 0.003 13 15 791 [0.63** (0.07) -2.3e-03  (3.3e-03) 4.030**  (1.947) 0.035 11 11 727
3y difference 0.61 (0.07) -1.480* (0.873) 0.002 13 14 714 |0.68*** (0.06) 19.357* (11.128) 3.373 (2.189) 0.041 11 11 678
1y difference 0.65*** (0.05) 3.302***  (1.153) 0.005 13 15 822 [0.73*** (0.05) 77.876*** (29.641) 3.439 (2.191) 0.073 11 11 758
trend gap 0.66*** (0.06) 0.748 (1.890) 0.000 12 13 632 |0.70*** (0.06) 46.879** (19.240)  2.906 (2.110) 0.055 11 11 608
relative gap 0.58  (0.07) 3.6e-03  (2.9e-03) 0.008 12 13 620 [0.63* (0.07) 2.3e-03  (2.8e-03) 3.286 (2.018) 0.033 11 11 59
5y m.a. gap 0.67*** (0.06) 5.762 (4.382) 0.006 12 13 632 [0.71*** (0.06) 43.180** (17.812) 3.179 (2.164) 0.055 11 11 608
m.a. gap 0.69*** (0.07) 6.707 (5.558)  0.009 12 13 632 [0.73*** (0.05) 22.138*** (7.190)  3.142 (2.145) 0.055 11 11 608
Own currency cross border loans / GDP 0.69*** (0.06) 0.714*** (0.173) 0.009 13 15 878 [0.76*** (0.03) 18.126***  (6.919) 2.615 (2.753) 0.075 11 11 798
3y growth 044  (0.06) -4.2e-03* (2.3e-03) 0.022 12 14 685 [0.65*  (0.09) -5.8e-03** (2.5e-03) 4.686**  (2.040) 0.065 10 11 649
1y growth 0.50 (0.05) -3.8e-03 (3.1e-03) 0.005 13 15 791 (0.63* (0.07) -3.7e-03 (3.0e-03) 4.101** (1.941) 0.038 11 11 727
3y difference 0.62* (0.07) 2.238** (1.140) 0.003 13 14 714 |0.66*** (0.06) 11.211 (17.645)  3.415 (2.297) 0.033 11 11 678
1y difference 0.62**  (0.05) 6.320%** (1.299) 0.012 13 15 822 (0.68*** (0.06) 34.152 (31.937) 3.728* (2.179) 0.044 11 11 758
trend gap 0.65**  (0.06) 15.519* (9.417) 0.016 12 13 632 |0.66** (0.06) 29.520 (32.000) 3.432 (2.210) 0.039 11 11 608
relative gap 0.56 (0.08) 3.1e-03 (3.2e-03) 0.006 12 13 620 (0.63 (0.07) 1.6e-03 (3.5e-03) 3.371* (2.033) 0.032 11 11 59
5y m.a. gap 0.68*** (0.06) 23.301* (12.681) 0.036 12 13 632 (0.70*** (0.05) 49.174** (25.045) 3.117 (2.160) 0.053 11 11 608
m.a. gap 0.75*** (0.06) 23.324**  (10.644) 0.054 12 13 632 [0.76*** (0.04) 32.663*** (10.460) 2.750 (2.108) 0.066 11 11 608
Foreign currency cross border loans / Assets 0.59 (0.07) 4.653 (8.224) 0.001 11 17 586 (0.60 (0.08) 13.329 (21.587) 2.134 (2.670) 0.017 9 11 469
3y growth 042  (0.06) -4.1e-03  (3.8e-03) 0.013 11 16 386 |0.56  (0.06) -6.8e-03*  (4.0e-03) 0.438 (2.673) 0.023 9 11 337
1y growth 0.46 (0.05) -6.5e-03 (4.3e-03) 0.007 11 17 518 (0.55 (0.08) -4.3e-03 (5.2e-03) 1.616 (2.573) 0.010 9 11 425
3y difference 048  (0.07) -17.959 (16.084) 0.003 11 16 386 [0.50  (0.09) -3.424 (19.043)  0.565 (2.759) 0.001 9 11 337
1y difference 0.52 (0.05) 30.028 (27.085) 0.002 11 17 518 [0.59 (0.08) 94.275 (60.330)  1.906 (2.638) 0.018 9 11 425
Own currency cross border loans / Assets 0.60*  (0.07) 13.661 (11.230) 0.005 11 17 586 (0.64** (0.07) 30.584 (28.435)  1.902 (2.795) 0.024 9 11 469
3y growth 0.39 (0.06) -5.4e-03 (4.9e-03) 0.019 11 16 386 (0.62 (0.07) -0.010** (0.004) 0.728 (2.550) 0.042 9 11 337
1y growth 0.45 (0.05) -6.8e-03* (3.7e-03) 0.010 11 17 518 (0.56 (0.08) -6.5e-03** (3.2e-03) 1.664 (2.491) 0.015 9 11 425
3y difference 0.49 (0.06) -30.979 (26.553) 0.005 11 16 386 [0.52 (0.08) -41.730 (26.423) 0.395 (2.625) 0.008 9 11 337
1y difference 0.51 (0.05) 18.999 (32.140) 0.001 11 17 518 (0.54 (0.09) 11.732 (30.444)  1.687 (2.553) 0.007 9 11 425
(ST liabilities - Liquid assets) / Total assets 0.50 (0.08) 0.061 (1.796) 0.000 10 13 269 |0.55 (0.08) 0.766 (2.699) 0.251 (3.004) 0.002 9 11 238
3y growth 0.59 (0.13) -5.7e-04 (4.2e-04) 0.013 10 13 113 (0.59 (0.09) -7.8e-04* (4.1e-04) -1.669 (2.337) 0.029 9 11 106
1y growth 0.62*  (0.07) 8.7e-04 (2.0e-03) 0.003 10 13 217 [0.66*** (0.06) 0.020** (0.010)  0.776 (2.108) 0.071 9 11 194
3y difference 0.73* (0.10) 17.725** (8.330) 0.136 10 13 113 |0.78** (0.09) 21.187** (9.111) -2.2838 (2.824) 0.185 9 11 106
1y difference 0.62*  (0.07) 9.281 (8.253) 0.023 10 13 217 [0.62  (0.07) 16.320**  (6.803)  0.718 (2.104) 0.050 9 11 194
Short-term liabilities / Liquid assets 0.49 (0.07) 0.042 (0.416) 0.000 10 13 269 |0.52 (0.08) 0.184 (0.702) 0.176 (3.328) 0.002 9 11 238
3y growth 0.66  (0.12) 0.048* (0.028) 0.076 10 13 113 [0.74*  (0.11) 0.066** (0.032)  -3.360 (2.615) 0.136 9 11 106
1y growth 0.58 (0.07) 0.026 (0.025) 0.011 10 13 217 |0.57 (0.06) 0.039 (0.025) 0.334 (2.138) 0.022 9 11 194
3y difference 0.64  (0.11) 2.300 (1.466) 0.063 10 13 113 [0.73  (0.11) 3.399** (1.713)  -3.490 (2.741) 0127 9 11 106
1y difference 0.57 (0.07) 1.161 (1.306) 0.008 10 13 217 |0.58 (0.07) 1.990 (1.330) 0.281 (2.161) 0.020 9 11 194

Robust standard errors adjusted for clustering are reported in the parentheses. *,** and *** indicate statistical significance at the 10%, 5% and 1 %-level.



Table B3. All early-warning evaluation results for each indicator category with Laeven & Valencia (2012) banking crisis
dataset. Evaluation horizon is 1 to 3 years. Statistical significance and larger| AUC-0.5| indicates better performance.
pR2 is pseudo R2, Cr is the number of crises, Co is the number of countries, N is the number of observations.

Panel A: Measures of credit developments, Laeven & Valencia crisis dataset

univariate Indicator bivariate Indicator Credit-to-GDP gap
Indicator Transformation AUC Logit coeff. pR2 Cr Co N AUC Logit coeff. Logit coeff. pR2 Cr Co N
Total credit (real) 3y growth 0.60 (0.07) 0.014 (0.010)  0.017 13 15 1206 |0.76*** (0.06) -0.027***  (0.010) 10.045*** (1.613) 0.131 12 14 1171
1y growth 0.66*** (0.05) 0.036 (0.032)  0.020 13 15 1302 |0.74*** (0.06) 9.6e-04 (1.1e-02) 7.382*** (1.531) 0.115 12 14 1227
relative gap 0.60 (0.06) 0.024* (0.013)  0.013 12 14 1122 [0.74*** (0.07) -0.049***  (0.016) 10.498*** (1.943) 0.133 12 14 1122
Total bank credit (real) 3y growth 0.62** (0.06) 0.014* (0.008) 0.021 13 15 1187 |0.74*** (0.06) -8.4e-03  (5.7e-03) 8.325*** (1.747) 0.117 12 14 1159
1y growth 0.68*** (0.05) 0.034 (0.025)  0.020 13 15 1283 |0.74*** (0.07) 8.2e-03 (6.9e-03) 7.141***  (1.488) 0.115 12 14 1223
relative gap 0.60 (0.06) 0.016 (0.012)  0.010 12 14 1103 [0.73*** (0.06) -0.021 (0.014) 8.642***  (2.091) 0.120 12 14 1103
Household credit (real) 3y growth 0.66**  (0.06) 9.1e-03 (6.5e-03) 0.012 12 14 909 |0.72*** (0.07) -2.9e-03 (5.5e-03) 7.024***  (1.554) 0.106 12 14 898
1y growth 0.63**  (0.06) 0.013 (0.012)  0.003 13 15 1004 |0.72*** (0.06) -7.1e-03 (1.5e-02) 6.875*** (1.537) 0.103 12 14 970
relative gap 0.58 (0.07) 0.011 (0.019)  0.003 12 14 832 [0.69*** (0.06) -4.9e-03 (2.0e-02) 6.197***  (1.556) 0.081 12 14 832
Corporate credit (real) 3y growth 0.54 (0.08) 6.8e-03 (1.3e-02) 0.003 12 14 909 |0.76*** (0.06) -0.039***  (0.013) 10.442*** (2.078) 0.135 12 14 898
1y growth 0.66*** (0.05) 0.037 (0.041)  0.024 13 15 1004 |0.71*** (0.06) 9.7e-03 (1.3e-02) 6.469*** (1.574) 0.104 12 14 970
relative gap 0.45 (0.07) -0.018 (0.031)  0.003 12 14 832 [0.76*** (0.05) -0.106***  (0.029) 10.728*** (2.056) 0.146 12 14 832
Total credit / GDP 0.85%** (0.04) 2.504***  (0.412) 0.274 19 18 2219 [0.87*** (0.03) 2.611***  (0.637)  2.928 (2.623) 0.298 17 17 1892
3y growth 0.51 (0.07) -1.7e-04 (1.0e-02) 0.000 18 18 2011 |0.81*** (0.05) -0.034 (0.022) 11.833*** (2.183) 0.188 17 17 1892
1y growth 0.54 (0.06) 0.019 (0.029)  0.002 19 18 2149 |0.80*** (0.05) -0.049 (0.039) 10.703*** (1.811) 0.168 17 17 1892
3y difference 0.79*** (0.05) 8.256*** (1.437)  0.203 18 18 2011 |0.79*** (0.05) 8.927** (3.611) -0.876 (4.650) 0.179 17 17 1892
1y difference 0.80*** (0.06) 18.503***  (3.390) 0.199 19 18 2149 [0.80*** (0.06) 18.840***  (6.026) 0.778 (3.244) 0.197 17 17 1892
trend gap 0.78*** (0.05) 9.770*** (1.781)  0.159 17 17 1892 |0.78*** (0.05) 9.770*** (1.781) 0.0e+00  (.) 0.159 17 17 1892
relative gap 0.65*** (0.05) 0.047** (0.020) 0.038 17 17 1892 |0.82*** (0.06) -0.080** (0.038) 15.560*** (2.794) 0.183 17 17 1892
Sy m.a. gap 0.80*** (0.05) 13.241***  (2.265) 0.193 17 17 1892 [0.80*** (0.05) 18.532***  (5.385) -4.587 (4.610) 0.197 17 17 1892
m.a. gap 0.87*** (0.03) 4.439***  (0.574) 0.307 17 17 1892 |0.87*** (0.03) 4.598***  (0.918)  -0.643 (3.014) 0.308 17 17 1892
1y diff. /S5y m.a. 0.82*** (0.05) 15.848***  (3.082) 0.236 19 18 2159 [0.83*** (0.05) 18.983***  (3.785) -0.860 (2.704) 0.245 17 17 1892
Total bank credit / GDP 0.84*** (0.04) 4.163***  (0.802) 0.250 19 18 2187 [0.86*** (0.04) 3.877***  (1.192)  3.243 (2.505) 0.281 17 17 1892
3y growth 0.53 (0.07) 5.4e-03 (1.1e-02) 0.002 18 18 1979 |0.80*** (0.05) -0.017 (0.014) 10.921*** (1.969) 0.170 17 17 1874
1y growth 0.56 (0.06) 0.025 (0.030)  0.004 19 18 2117 |0.78*** (0.05) -0.022 (0.034)  10.212*** (1.803) 0.161 17 17 1888
3y difference 0.78*** (0.06) 10.659***  (2.203) 0.171 18 18 1979 |0.79*** (0.05) 9.023** (4.551) 1.857 (4.470) 0.180 17 17 1874
1y difference 0.77*** (0.06) 25.955***  (5.256)  0.182 19 18 2117 [0.79*** (0.06) 19.173** (8.563) 3.005 (3.344) 0.187 17 17 1888
trend gap 0.75%** (0.06) 11.121***  (2.317) 0.140 17 17 1860 [0.78*** (0.05) 1.678 (3.665) 8.454***  (2.857) 0.158 17 17 1860
relative gap 0.65*** (0.05) 0.044*** (0.016)  0.045 17 17 1860 |0.79*** (0.05) -0.029 (0.024) 12.089*** (2.622) 0.167 17 17 1860
Sy m.a. gap 0.79%** (0.06) 16.761***  (3.395)  0.185 17 17 1860 [0.79*** (0.06) 15.695** (7.313) 0.745 (4.665) 0.185 17 17 1860
m.a. gap 0.85*** (0.04) 6.087*** (1.015)  0.265 17 17 1860 |0.85*** (0.04) 6.168*** (1.642) -0.219 (3.292) 0.265 17 17 1860
1y diff. /Sy m.a. 0.81*** (0.05) 22.782***  (5.508) 0.213 19 18 2127 [0.81*** (0.06) 20.733***  (7.396) 1.026 (3.350) 0.216 17 17 1888
Total household credit / GDP 0.85*** (0.03) 4.975*** (0.907) 0.231 17 18 1514 |0.87*** (0.03) 3.982*** (1.082) 4.803** (1.991) 0.258 16 17 1397
3y growth 0.54 (0.06) -4.3e-04 (3.9e-03) 0.000 16 17 1318 |0.78*** (0.06) -8.2e-03 (9.3e-03) 9.428***  (1.773) 0.158 16 17 1282
1y growth 0.50 (0.05) -0.015 (0.014)  0.004 17 18 1452 |0.79*** (0.05) -0.053 (0.035) 9.877***  (1.752) 0.170 16 17 1361
3y difference 0.83*** (0.05) 17.933***  (2.998) 0.227 16 17 1318 [0.83*** (0.05) 18.056***  (5.286) -0.261 (3.506) 0.222 16 17 1282
1y difference 0.79*** (0.05) 36.787***  (6.342) 0.153 17 18 1452 |0.81*** (0.05) 20.127* (11.502)  5.089* (2.888) 0.169 16 17 1361
trend gap 0.79%** (0.06) 21.211***  (6.086) 0.126 16 17 1206 |0.81*** (0.06) 11.664 (7.212)  5.231**  (2.300) 0.147 16 17 1206
relative gap 0.65**  (0.05) 0.029* (0.015)  0.020 16 17 1206 |0.76*** (0.06) -5.3e-03 (2.0e-02) 8.852***  (1.946) 0.131 16 17 1206
Sy m.a. gap 0.82*** (0.05) 27.008***  (5.012) 0.194 16 17 1206 [0.82*** (0.05) 27.665***  (8.826) -0.319 (3.557) 0.194 16 17 1206
m.a. gap 0.84*** (0.03) 8.825*** (1.304) 0.213 16 17 1206 |0.85*** (0.03) 7.297*** (1.276) 3.469 (2.327) 0.228 16 17 1206
1y diff. / S5y m.a. 0.83*** (0.04) 35.203*** (5.345) 0.214 17 18 1454 |0.83*** (0.05) 27.821*** (7.885)  2.691 (2.778) 0.210 16 17 1361
Total corporate credit / GDP 0.86*** (0.03) 4.060*** (0.807)  0.256 17 18 1490 |0.87*** (0.03) 3.392*** (0.889) 4.386* (2.485) 0.255 16 17 1392
3y growth 0.49 (0.07) -7.8e-04  (1.1e-02) 0.000 16 17 1294 |0.81*** (0.06) -0.044* (0.024)  12.325%** (2.341) 0.195 16 17 1265
1y growth 0.57 (0.05) 0.033 (0.023)  0.010 17 18 1428 |0.79*** (0.05) -0.027 (0.024) 9.656***  (1.770) 0.154 16 17 1352
3y difference 0.66** (0.07) 7.583***  (2.554) 0.078 16 17 1294 |0.77*** (0.05) -5.798 (4.589)  13.019%*** (3.494) 0.160 16 17 1265
1y difference 0.75%** (0.05) 21.696***  (4.797)  0.149 17 18 1428 |0.78*** (0.06) 11.652* (6.084) 5.675** (2.491) 0.166 16 17 1352
trend gap 0.64**  (0.07) 8.319** (3.627)  0.045 16 17 1182 |0.80*** (0.05) -16.260*** (3.895) 16.883*** (3.449) 0.164 16 17 1182
relative gap 0.59 (0.06) 0.045* (0.024)  0.024 16 17 1182 |0.80*** (0.05) -0.091***  (0.031) 14.244**%* (3,192) 0.161 16 17 1182
Sy m.a. gap 0.67*** (0.06) 11.946***  (3.650) 0.085 16 17 1182 |0.76*** (0.05) -2.775 (6.394) 9.799***  (3.632) 0.129 16 17 1182
m.a. gap 0.80*** (0.04) 5.536*** (1.200)  0.154 16 17 1182 |0.81*** (0.05) 4.064*** (1.167) 4.631* (2.601) 0.183 16 17 1182
1y diff. /S5y m.a. 0.81*** (0.04) 23.338***  (3.354) 0.216 17 18 1430 [0.81*** (0.05) 18.338***  (3.298) 3.307 (2.352) 0.206 16 17 1352

Robust standard errors adjusted for clustering are reported in the parentheses. *,** and *** indicate statistical significance at the 10%, 5% and 1 %-level.



Panel B: Measures of private sector debt burden, Laeven & Valencia crisis dataset

univariate Indicator bivariate Indicator Credit-to-GDP gap
Indicator Transformation AUC Logit coeff. pR2 Cr Co N AUC Logit coeff. Logit coeff. pR2 Cr Co N
Household credit / Gross disposable income 0.63* (0.05) 3.2e-04*** (5.7e-05) 0.011 12 11 1184 |0.81*** (0.06) 2.4e-04*** (7.2e-05) 9.754***  (2.052) 0.198 12 11 1182
3y growth 0.79%** (0.06) 0.075***  (0.016) 0.159 12 11 1057 |0.82*** (0.07) 0.041** (0.019)  7.417***  (2.239) 0.220 12 11 1057
1y growth 0.68*** (0.06) 0.130*** (0.036) 0.062 12 11 1144 (0.80*** (0.07) 0.031 (0.042) 9.305***  (1.978) 0.195 12 11 1144
3y difference 0.70*  (0.08) 1.3e-03*** (2.3e-04) 0.010 12 11 1057 [0.80*** (0.07) 8.4e-04*** (3.1e-04) 9.733*** (2.185) 0.196 12 11 1057
1y difference 0.66*  (0.07) 2.8e-03*** (5.6e-04) 0.005 12 11 1144 [0.80*** (0.06) 1.5e-03**  (7.6e-04) 9.806*** (2.072) 0.193 12 11 1144
trend gap 0.72**  (0.08) 2.1e-03*** (3.1e-04) 0.010 12 11 980 [0.79*** (0.07) 1.2e-03**  (4.9e-04) 9.192*** (2.354) 0.166 12 11 980
relative gap 0.74*** (0.06) 0.087*** (0.023) 0.101 12 11 980 |0.81** (0.07) 0.049* (0.027) 7.585%**  (2.201) 0.184 12 11 980
Sy m.a. gap 0.70*  (0.08) 1.9e-03*** (3.3e-04) 0.009 12 11 980 |[0.79*** (0.07) 1.2e-03**  (5.0e-04) 9.227***  (2.338) 0.166 12 11 980
m.a. gap 0.74*** (0.06) 7.5e-04*** (9.4e-05) 0.018 12 11 980 [0.79*** (0.07) 5.4e-04*** (1.4e-04) 9.125*** (2.373) 0.172 12 11 980
Debt-service-ratio (BIS) 0.73*** (0.06) 0.065 (0.045)  0.032 13 12 1420 [0.77*** (0.06) 0.028 (0.037) 8.154***  (2.233) 0.124 13 12 1382
3y growth 0.61*  (0.06) 0.026* (0.015)  0.025 13 12 1281 |0.75*** (0.06) 1.6e-03 (1.4e-02) 8.308*** (2.303) 0.115 13 12 1267
1y growth 0.72*** (0.05) 0.103*** (0.033) 0.071 13 12 1376 |0.76*** (0.06) 0.070*** (0.025) 7.346%**  (1.955) 0.145 13 12 1346
3y difference 0.63*  (0.06) 0.207** (0.087)  0.047 13 12 1281 [0.75*** (0.06) 0.059 (0.067)  7.610%**  (2.266) 0.118 13 12 1267
1y difference 0.74*** (0.05) 0.574*** (0.202) 0.092 13 12 1376 |0.78*** (0.06) 0.366*** (0.109) 6.901***  (1.901) 0.153 13 12 1346
trend gap 0.70%** (0.07) 0.228* (0.125)  0.058 13 12 1197 [0.75*** (0.06) 0.019 (0.140)  7.784**  (3.116) 0.111 13 12 1197
relative gap 0.69*** (0.07) 0.044* (0.023)  0.051 13 12 1197 [0.74*** (0.06) -4.4e-03 (3.0e-02) 8.516** (3.365) 0.111 13 12 1197
Sy m.a. gap 0.68** (0.06) 0.420***  (0.137) 0.078 13 12 1197 |0.74*** (0.06) 0.214* (0.117)  6315%%* (2.129) 0.125 13 12 1197
m.a. gap 0.70%** (0.06) 0.211*** (0.075)  0.073 13 12 1197 |0.76*** (0.06) 0.130*** (0.044) 7.036***  (2.117) 0.141 13 12 1197
Debt-service-ratio (ESRB) 0.69*** (0.05) 2.586*** (0.750)  0.031 21 25 2295 |0.78*** (0.04) 2.475*** (0.428) 8.813***  (1.674) 0.171 17 16 1594
3y growth 0.65*** (0.05) 9.6e-03* (5.2e-03) 0.013 20 24 2021 (0.76*** (0.05) 0.018 (0.011) 7.741%**  (1.639) 0.150 17 16 1534
1y growth 0.71*** (0.04) 0.028* (0.014)  0.020 20 25 2209 |0.78*** (0.05) 0.073*** (0.024) 7.526***  (1.697) 0.170 17 16 1574
3y difference 0.69*** (0.05) 17.094***  (6.183)  0.058 20 24 2021 |0.76*** (0.05) 7.387** (2.868) 7.802***  (1.689) 0.153 17 16 1534
1y difference 0.78*** (0.04) 50.550***  (14.729) 0.098 20 25 2209 [0.80*** (0.05) 34.875***  (9.792) 7.218***  (1.760) 0.190 17 16 1574
trend gap 0.64*** (0.04) 20.771***  (4.897) 0.048 18 21 1867 |0.75*** (0.05) 1.884 (7.050)  8.027*** (1.841) 0.123 16 15 1499
relative gap 0.60*  (0.05) 0.012 (0.011)  0.006 18 21 1867 |0.79*** (0.06) -0.047***  (0.015) 11.903*** (2.169) 0.143 16 15 1499
Sy m.a. gap 0.71%** (0.05) 28.981***  (9.967) 0.072 18 21 1867 |0.76*** (0.05) 16.700*** (5.399)  6.677*** (1.629) 0.142 16 15 1499
m.a. gap 0.77*** (0.05) 17.803***  (4.421)  0.118 18 21 1867 [0.82*** (0.05) 15.061***  (3.806) 6.226***  (1.700) 0.202 16 15 1499
Corporate debt-service-ratio (ESRB) 0.67*** (0.06) 4.523***  (1.120) 0.076 16 24 1104 |0.77*** (0.07) 2.366* (1.270)  6.277*** (2.119) 0.140 13 15 930
3y growth 0.65**  (0.07) 0.025** (0.013) 0.045 14 21 837 [0.73*** (0.07) 0.013 (0.013) 6.033***  (2.104) 0.133 13 15 779
1y growth 0.74*** (0.04) 0.072***  (0.021) 0.082 16 24 1016 |0.76*** (0.06) 0.075***  (0.019)  5.357**  (2.081) 0.173 13 15 882
3y difference 0.67*** (0.07) 11.302** (4.937) 0.069 14 21 837 [0.73*** (0.07) 3.971 (5.524) 5.980** (2.470) 0.133 13 15 779
1y difference 0.76%** (0.04) 23.023***  (7.714) 0.098 16 24 1016 [0.78*** (0.06) 27.334***  (6.705) 4.363* (2.278) 0.189 13 15 882
trend gap 0.58 (0.08) 8.608 (7.984)  0.020 13 19 706 |0.75*** (0.07) -7.457 (8.050) 8.202***  (2.907) 0.115 13 15 684
relative gap 0.55 (0.08) 0.014 (0.020) 0.006 13 19 706 |0.75*** (0.07) -0.032 (0.022) 8.478***  (2.666) 0.123 13 15 684
Sy m.a. gap 0.70%** (0.07) 19.628** (7.890) 0.089 13 19 706 [0.72*** (0.07) 11.505 (8.909) 4.325% (2.572) 0.122 13 15 684
m.a. gap 0.78*** (0.07) 13.345***  (4.945) 0.146 13 19 706 [0.78*** (0.07) 10.781** (4.886) 3.075 (2.416) 0.169 13 15 684
Household debt-service-ratio (ESRB) 0.74*** (0.06) 18.738***  (4.355)  0.124 16 24 1092 [0.80*** (0.05) 17.541***  (5.008) 3.747 (2.401) 0.197 13 15 918
3y growth 0.69*** (0.06) 6.8e-03 (5.0e-03) 0.012 14 21 825 |[0.75** (0.07) 0.011* (0.006) 6.703***  (2.236) 0.141 13 15 767
1y growth 0.70*** (0.05) 0.030** (0.015)  0.024 16 24 1004 [0.75*** (0.07) 0.040* (0.021)  6.928*** (2.184) 0.147 13 15 870
3y difference 0.76%** (0.06) 47.491***  (11.635) 0.146 14 21 825 [0.79*** (0.06) 46.355***  (13.434) 3.342 (2.958) 0.205 13 15 767
1y difference 0.77*** (0.04) 92.462***  (21.099) 0.126 16 24 1004 |0.80*** (0.06) 91.074***  (23.141) 4.351* (2.531) 0.200 13 15 870
trend gap 0.75*** (0.06) 79.602***  (21.125) 0.123 13 19 694 [0.77*** (0.07) 58.535***  (22.232) 4.756* (2.577) 0.154 13 15 672
relative gap 0.70**  (0.07) 0.035* (0.020) 0.040 13 19 694 [0.73** (0.08) 0.023 (0.017)  6.276%** (2.333) 0.121 13 15 672
Sy m.a. gap 0.79*** (0.06) 90.167***  (24.300) 0.185 13 19 694 [0.80*** (0.06) 80.166***  (25.548)  2.881 (3.024) 0.207 13 15 672
m.a. gap 0.79*** (0.07) 56.466***  (15.197) 0.229 13 19 694 [0.79*** (0.07) 51.951***  (15.054) 1.595 (2.679) 0.239 13 15 672
Household credit * 10y interest rate / GDP 0.54 (0.06) 0.107 (0.159)  0.004 15 19 1042 |0.75*** (0.06) 6.7e-04 (1.6e-01) 7.590***  (1.676) 0.134 15 17 1021
3y growth 0.66*** (0.04) 9.7e-03**  (4.1e-03) 0.021 14 17 835 [0.73*** (0.06) 3.8e-03 (3.7e-03) 6.631*** (1.719) 0.126 14 17 835
1y growth 0.67*** (0.03) 0.023*** (0.006) 0.036 15 19 970 |0.75*** (0.05) 0.022*** (0.005) 7.039%**  (1.761) 0.156 15 17 960
3y difference 0.67*** (0.04) 0.863*** (0.231) 0.055 14 17 835 |0.74*** (0.06) 0.389** (0.190) 6.073***  (1.828) 0.132 14 17 835
1y difference 0.69%** (0.02) 1.209*** (0.247)  0.057 15 19 970 |0.76*** (0.05) 0.998*** (0.235) 6.684***  (1.733) 0.161 15 17 960
trend gap 0.64**  (0.06) 0.965** (0.476)  0.036 14 17 726 |[0.72*** (0.06) 0.654 (0.504) 5.722*%*  (1.739) 0.115 14 17 726
relative gap 0.62*  (0.07) 5.5e-03 (9.3e-03) 0.006 14 17 726 |0.72*** (0.06) 4.7e-03 (9.1e-03) 6.268***  (1.744) 0.105 14 17 726
Sy m.a. gap 0.71%** (0.04) 1.852*** (0.436) 0.091 14 17 726 |0.74*** (0.05) 1.277*** (0.381) 4.808** (1.949) 0.135 14 17 726
m.a. gap 0.62*  (0.06) 0.624** (0.292)  0.036 14 17 726 [0.72*** (0.06) 0.225 (0.284)  5.838*** (1.897) 0.105 14 17 726
Household credit * 3m interest rate / GDP 0.58 (0.06) 0.083 (0.096) 0.003 16 24 1422 |0.75*** (0.05) -0.046 (0.114) 7.866***  (1.683) 0.131 15 17 1198
3y growth 0.75%** (0.04) 4.6e-03*  (2.4e-03) 0.040 16 24 1152 |0.81*** (0.04) 0.014***  (0.004)  6.110*** (2.064) 0.223 15 17 1026
1y growth 0.80*** (0.03) 0.024*** (0.006) 0.120 16 24 1334 |0.86*** (0.03) 0.036*** (0.007) 7.045%**  (2.067) 0.278 15 17 1144
3y difference 0.77*** (0.03) 0.816***  (0.186) 0.124 16 24 1152 |0.81*** (0.04) 0.740***  (0.246)  5.976*** (1.846) 0.206 15 17 1026
1y difference 0.82*** (0.03) 1.428*** (0.360)  0.138 16 24 1334 |0.84*** (0.04) 1.205*** (0.382) 7.104***  (1.939) 0.226 15 17 1144
trend gap 0.80*** (0.03) 1.414*** (0.276)  0.158 16 24 990 |0.80*** (0.04) 1.220*** (0.262) 5.695***  (1.737) 0.207 15 17 917
relative gap 0.79%** (0.04) 0.014*** (0.005) 0.121 16 24 990 |0.80*** (0.05) 0.012** (0.005) 6.296***  (1.971) 0.193 15 17 917
Sy m.a. gap 0.82*** (0.03) 1.450*** (0.281) 0.173 16 24 990 |0.84*** (0.04) 1.427*** (0.336) 5.462***  (2.081) 0.236 15 17 917
m.a. gap 0.68*** (0.05) 0.544*** (0.174)  0.063 16 24 990 [0.76*** (0.06) 0.506** (0.227) 6.407***  (2.193) 0.150 15 17 917

Robust standard errors adjusted for clustering are reported in the parentheses. *,** and *** indicate statistical significance at the 10%, 5% and 1 %-level.



Panel C: Measures of potential overvaluation of property prices, Laeven & Valencia crisis dataset

univariate Indicator bivariate Indicator Credit-to-GDP gap
Indicator Transformation AUC Logit coeff. pR2 Cr Co N AUC Logit coeff. Logit coeff. pR2 Cr Co N
Residential property real pr 3y growth 0.70*** (0.06) 0.017*** (0.007)  0.034 17 17 1548 (0.78*** (0.06) 0.014 (0.012) 7.928***  (1.634) 0.155 16 14 1442
1y growth 0.61**  (0.05) 0.022** (0.011)  0.010 17 18 1688 |0.77*** (0.05) 0.019 (0.018)  8.560*** (1.688) 0.148 16 15 1486
relative gap 0.73*** (0.06) 0.047*** (0.018)  0.078 17 17 1429 (0.80*** (0.06) 0.033* (0.020) 7.472***  (1.629) 0.182 16 14 1403
Residential property price / rent 0.79*** (0.07) 0.027* (0.014)  0.099 19 20 1609 (0.78*** (0.07) 0.018* (0.010) 7.245%**  (1.444) 0.174 16 15 1503
3y growth 0.69*** (0.06) 0.013** (0.006) 0.024 16 17 1398 (0.78*** (0.06) 0.014 (0.013) 7.928***  (1.755) 0.160 15 14 1340
1y growth 0.62**  (0.05) 0.020* (0.011)  0.009 17 18 1531 |0.78*** (0.06) 0.022 (0.019)  8.765*** (1.755) 0.158 16 15 1449
3y difference 0.72*** (0.06) 0.040*** (0.014) 0.071 16 17 1398 [0.79*** (0.06) 0.029 (0.021) 7.347***  (1.698) 0.171 15 14 1340
1y difference 0.65**  (0.06) 0.051** (0.025)  0.028 17 18 1531 |0.79*** (0.06) 0.039 (0.029)  8.622*** (1.680) 0.162 16 15 1449
trend gap 0.74*** (0.06) 0.073** (0.032) 0.097 16 17 1286 |0.80*** (0.06) 0.044 (0.032)  6.824*** (1.811) 0.173 15 14 1249
relative gap 0.69*** (0.06) 0.036** (0.016) 0.048 16 17 1286 (0.78*** (0.06) 0.024 (0.018) 7.516%**  (1.678) 0.161 15 14 1249
Sy m.a. gap 0.73*** (0.06) 0.066** (0.026)  0.078 16 17 1286 |0.79*** (0.06) 0.044 (0.033)  7.243*** (1.716) 0.166 15 14 1249
m.a. gap 0.79*** (0.06) 0.045%** (0.015)  0.155 16 17 1286 (0.81*** (0.06) 0.026 (0.022) 5.140* (2.629) 0.171 15 14 1249
Residential property price / income 0.80%** (0.06) 0.029** (0.015)  0.102 19 21 1596 |0.79*** (0.07) 0.022* (0.013)  7.383*** (1.496) 0.183 16 15 1450
3y growth 0.73*** (0.06) 0.034*** (0.012) 0.067 16 18 1373 (0.79*** (0.06) 0.034** (0.017) 6.982***  (1.703) 0.184 15 14 1285
1y growth 0.65*** (0.04) 0.044***  (0.012) 0.025 17 19 1514 |0.77*** (0.06) 0.042* (0.022)  8379*** (1.790) 0.162 16 15 1394
3y difference 0.75*** (0.06) 0.057*** (0.019) 0.111 16 18 1373 (0.80*** (0.07) 0.062** (0.026) 5.903***  (1.646) 0.208 15 14 1285
1y difference 0.67*** (0.04) 0.075***  (0.016) 0.053 17 19 1514 |0.78*** (0.06) 0.067***  (0.024)  8.034*** (1.791) 0.170 16 15 1394
trend gap 0.75*** (0.07) 0.108*** (0.033) 0.138 16 18 1254 (0.79*** (0.07) 0.075** (0.038) 5.952***  (1.691) 0.198 15 14 1194
relative gap 0.71%** (0.07) 0.062***  (0.022) 0.081 16 18 1254 [0.78*** (0.07) 0.044* (0.026)  6.989*** (1.634) 0.177 15 14 1194
Sy m.a. gap 0.76*** (0.06) 0.103*** (0.033) 0.134 16 18 1254 (0.80*** (0.06) 0.091** (0.036) 5.897***  (1.652) 0.202 15 14 1194
m.a. gap 0.80*** (0.06) 0.065*** (0.019) 0.212 16 18 1254 [0.81*** (0.06) 0.059** (0.026) 2.721 (2.327) 0.223 15 14 1194
Robust standard errors adjusted for clustering are reported in the parentheses. *,** and *** indicate statistical significance at the 10%, 5% and 1 %-level.
Panel D: Measures of external imbalances, Laeven & Valencia crisis dataset
univariate Indicator bivariate Indicator Credit-to-GDP gap
Indicator Transformation AUC Logit coeff. pR2 Cr Co N AUC Logit coeff. Logit coeff. pR2 Cr Co N
Current account / GDP 0.46 (0.05) -0.118 (0.111) 0.006 20 25 1897 (0.78*** (0.05) 0.051 (0.210) 8.787***  (1.724) 0.146 16 17 1346
3y growth 0.58*  (0.04) 8.5e-06 (3.9e-05) 0.000 20 25 1606 |0.77*** (0.05) 3.4e-06 (1.2e-05) 8.214*** (1.581) 0.141 16 17 1202
1y growth 0.55 (0.03) -3.7e-06 (1.2e-05) 0.000 20 25 1804 (0.77*** (0.05) -4.0e-06 (1.2e-05) 8.507*** (1.626) 0.144 16 17 1304
3y difference 0.39**  (0.05) -0.293**  (0.133) 0.019 20 25 1606 |0.77*** (0.05) -0.196 (0.227)  7.783*** (1.608) 0.143 16 17 1202
1y difference 0.41*** (0.03) -0.394***  (0.135) 0.019 20 25 1804 |0.77*** (0.05) -0.244 (0.223) 8.334***  (1.549) 0.146 16 17 1304
Capital account / GDP 0.49 (0.05) -58.774 (77.612) 0.002 17 21 1048 [0.74*** (0.05) -131.467  (115.228) 7.246*** (1.353) 0.113 15 17 923
3y growth 0.50 (0.03) 2.3e-05 (4.0e-05) 0.000 15 20 742 (0.71*** (0.04) 2.6e-05 (4.9e-05) 6.006*** (1.235) 0.098 14 17 674
1y growth 0.46*  (0.03) -1.1e-05  (7.3e-05) 0.000 16 21 905 |0.71*** (0.04) -7.5e-05  (7.3e-05) 6.307*** (1.287) 0.103 14 17 802
3y difference 0.49 (0.05) -7.608 (64.786) 0.000 16 20 803 [0.73*** (0.05) 86.954 (156.462) 6.488***  (1.312) 0.110 15 17 733
1y difference 0.49 (0.03) -75.068*** (20.140) 0.004 17 21 966 [0.72*** (0.05) -8.929 (55.291)  6.533***  (1.319) 0.105 15 17 861
Portfolio investments / GDP 0.43 (0.07) -0.483 (0.389) 0.010 17 21 609 (0.71** (0.07) -0.141 (0.990) 5.804***  (2.124) 0.098 15 17 520
3y growth 0.52 (0.06) 4.2e-05 (1.7e-04) 0.000 14 19 361 (0.73*** (0.07) 2.2e-03 (1.4e-03) 6.022** (2.559) 0.091 12 15 322
1y growth 0.48 (0.04) -6.6e-05  (1.5e-04) 0.000 17 21 524 [0.73** (0.08) -1.0e-06  (2.0e-04) 6.076**  (2.414) 0.107 15 17 453
3y difference 0.38 (0.07) -1.619 (1.077) 0.036 14 19 361 (0.70** (0.08) -1.502* (0.875) 5.817** (2.851) 0.087 12 15 322
1y difference 0.44  (0.05) -0.996***  (0.374) 0.010 17 21 524 [0.73** (0.08) -1.252 (0.889)  5.956**  (2.433) 0.110 15 17 453
Other investments / GDP 0.43 (0.07) -0.483 (0.389) 0.010 17 21 609 (0.71** (0.07) -0.141 (0.990) 5.804***  (2.124) 0.098 15 17 520
3y growth 052  (0.06) 4.2e-05 (1.7e-04) 0.000 14 19 361 |0.73*** (0.08) 2.2e-03 (1.4e-03) 6.022**  (2.559) 0.091 12 15 322
1y growth 0.48 (0.04) -6.6e-05 (1.5e-04) 0.000 17 21 524 (0.73*** (0.08) -1.0e-06 (2.0e-04) 6.076** (2.414) 0.107 15 17 453
3y difference 0.38*  (0.07) -1.619 (1.077)  0.036 14 19 361 |0.70** (0.08) -1.502* (0.875)  5.817**  (2.851) 0.087 12 15 322
1y difference 0.44 (0.05) -0.996***  (0.374) 0.010 17 21 524 [0.73*** (0.07) -1.252 (0.889) 5.956** (2.433) 0.110 15 17 453

Robust standard errors adjusted for clustering are reported in the parentheses. *,** and *** indicate statistical significance at the 10%, 5% and 1 %-level.



Panel E: Measures of potential mispricing of risk, Laeven & Valencia crisis dataset

univariate Indicator bivariate Indicator Credit-to-GDP gap
Indicator Transformation AUC Logit coeff. pR2 Cr Co N AUC Logit coeff. Logit coeff. pR2 Cr Co N
Stock market volatility 0.39%** (0.04) -5.231** (2.191)  0.022 21 27 2308 |0.80*** (0.05) -8.011** (3.264) 10.074*** (1.941) 0.194 16 17 1705
3y growth 0.42**  (0.03) -5.0e-03** (2.0e-03) 0.013 20 27 2003 |0.80*** (0.05) -7.5e-03*** (2.9e-03) 9.544*** (1.797) 0.184 16 17 1618
1y growth 0.55*  (0.02) 5.4e-04 (1.0e-03) 0.000 21 27 2206 |0.79*** (0.05) 1.6e-03* (9.2e-04) 9.633***  (1.826) 0.165 16 17 1685
3y difference 0.43**  (0.03) -2.338***  (0.870) 0.013 20 27 2004 [0.80*** (0.05) -4.460***  (1.511) 9.626***  (1.789) 0.190 16 17 1618
1y difference 0.54 (0.02) -0.139 (0.831)  0.000 21 27 2207 [0.79*** (0.05) 1.016 (0.886) 9.614***  (1.820) 0.164 16 17 1685
Stock market index 3y growth 0.72*** (0.04) 5.7e-03**  (2.5e-03) 0.028 14 14 1000 |0.80*** (0.05) 9.7e-03*** (3.1e-03) 9.407*** (1.757) 0.212 14 13 949
1y growth 0.68*** (0.03) 8.3e-03**  (3.9e-03) 0.013 14 14 1112 [0.79*** (0.05) 0.014* (0.007) 9.220%**  (1.628) 0.184 14 13 1045
Bank stock index 3y growth 0.71*** (0.04) 5.9e-03*** (2.2e-03) 0.028 13 13 1081 [0.79*** (0.05) 9.2e-03*** (1.9e-03) 8.504*** (1.863) 0.182 13 13 1081
1y growth 0.61*** (0.04) 4.4e-03 (3.4e-03) 0.003 14 13 1183 |0.75*** (0.05) 9.9e-03*** (2.7e-03) 8.239*** (1.715) 0.146 14 13 1183
Stock market P/E ratio 0.43 (0.04) -0.030** (0.013)  0.024 15 22 774 |0.70*** (0.06) -0.039** (0.019) 5.671***  (1.997) 0.112 13 16 664
3y growth 0.32*** (0.07) -0.010%**  (0.004) 0.104 14 21 513 |0.74*** (0.05) -0.011**  (0.005)  5.072*** (1.644) 0.163 13 16 481
1y growth 0.52 (0.02) -2.7e-03*** (7.1e-04) 0.012 15 22 686 [0.68*** (0.06) -3.0e-03** (1.3e-03) 5.327*** (1.897) 0.092 13 16 604
3y difference 0.32%*  (0.07) -4.3e-03*  (2.5e-03) 0.030 14 21 513 [0.70*** (0.06) -4.8e-03  (3.2e-03) 4.992*** (1.880) 0.102 13 16 481
1y difference 0.52 (0.02) -2.3e-04** (1.1e-04) 0.000 15 22 686 [0.67** (0.07) -2.8e-04*** (1.0e-04) 5.270*** (1.926) 0.081 13 16 604
Stock market P/B ratio 050  (0.15) -0.015 (0.442) 0.000 13 14 135 [0.60  (0.14) -0.157 (0.508)  1.892 (1.598) 0.014 13 14 135
1y growth 0.68*** (0.03) 0.058*** (0.013) 0.142 13 14 79  |0.72*** (0.05) 0.066*** (0.011) 2.443 (1.810) 0.166 13 14 79
1y difference 0.67*** (0.03) 2.254*** (0.499) 0.136 13 14 79  |0.70*** (0.05) 2.544*** (0.451) 2.244 (1.805) 0.156 13 14 79
Stock market dividend yield 0.44 (0.05) -0.362 (0.233) 0.014 13 14 361 |0.58 (0.07) -0.379 (0.250) 2.977* (1.525) 0.042 13 14 361
3y growth 0.28*** (0.07) -0.033***  (0.012) 0.131 13 14 193 |[0.76*** (0.07) -0.035***  (0.012) 3.529** (1.638) 0.171 13 14 193
1y growth 0.48 (0.04) -0.012** (0.006) 0.015 13 14 305 |[0.61*  (0.06) -0.013** (0.006) 2.955** (1.471) 0.044 13 14 305
3y difference 0.28*** (0.06) -1.150***  (0.416) 0.120 13 14 193 |[0.75*** (0.07) -1.236***  (0.421) 3.409** (1.564) 0.160 13 14 193
1y difference 0.48 (0.04) -0.232 (0.154)  0.004 13 14 305 |0.59 (0.06) -0.265* (0.159) 2.924* (1.500) 0.033 13 14 305
Household lending spread 0.35*  (0.08) -0.224 (0.280) 0.012 17 26 449 |0.75*** (0.07) -0.806 (0.801) 2.917* (1.747) 0.107 14 17 320
3y growth 0.32*  (0.10) -0.018* (0.010)  0.103 14 19 147 [0.83*** (0.08) -0.027* (0.015)  4.742 (2.941) 0.209 12 15 120
1y growth 0.39*  (0.06) -1.2e-03 (1.9e-03) 0.002 17 26 345 |0.72*** (0.06) -0.029* (0.016) 4.798***  (1.790) 0.123 14 17 252
3y difference 0.29*  (0.10) -0.923* (0.512)  0.113 14 19 147 |0.84*** (0.07) -1.193 (0.794)  4.456* (2.603) 0.200 12 15 120
1y difference 0.42 (0.05) -0.152 (0.215)  0.003 17 26 345 [0.66*** (0.06) -0.493 (0.662) 3.915** (1.601) 0.060 14 17 252
Corporate lending spread 0.33*** (0.06) -0.935***  (0.358) 0.067 16 25 438 [0.70*** (0.07) -1.084**  (0.463)  4.288**  (1.843) 0.103 13 16 309
3y growth 0.32 (0.13) -0.036 (0.022) 0.102 14 19 147 [0.78** (0.11) -0.059** (0.027) 3.700 (2.517) 0.221 12 15 120
1y growth 0.51 (0.05) -1.7e-04  (6.3e-03) 0.000 16 25 338 [0.62** (0.07) -4.9e-03  (1.1e-02) 3.635**  (1.668) 0.046 13 16 245
3y difference 0.30*  (0.12) -1.756 (1.397) 0.095 14 19 147 |0.80*** (0.10) -4.006***  (1.525) 3.270 (2.353) 0.252 12 15 120
1y difference 0.51 (0.05) 0.159 (0.303) 0.001 16 25 338 [0.62*  (0.06) -0.214 (0.514) 3.580** (1.628) 0.046 13 16 245
High-yield spread 0.09%** (0.01) -0.016***  (0.001) 0.386 17 27 1031 [0.93*** (0.01) -0.020***  (0.002) 5.383** (2.144) 0.503 14 17 620
3y growth 0.39*** (0.02) -0.013***  (0.001) 0.092 17 27 729 |0.74*** (0.05) -0.014***  (0.001) 4.709***  (1.719) 0.150 14 17 431
1y growth 0.46*** (0.01) -6.1e-03*** (2.3e-04) 0.020 17 27 934 [0.66** (0.06) -5.8e-03*** (6.5e-04) 4.526** (1.764) 0.073 14 17 564
3y difference 0.42*%** (0.02) -5.6e-04*** (1.0e-04) 0.014 17 27 729 |[0.66** (0.07) -5.8e-04*** (2.0e-04) 4.348** (1.699) 0.066 14 17 431
1y difference 0.52**  (0.01) -8.1e-05 (5.1e-05) 0.000 17 27 934 |0.64** (0.07) 1.2e-06 (1.2e-04) 4.501** (1.793) 0.058 14 17 564
trend gap 0.63*** (0.05) 3.1e-04 (3.4e-04) 0.002 17 27 545 |0.74*** (0.04) 1.6e-03 (2.0e-03) 3.906** (1.796) 0.087 14 17 312
relative gap 0.61*** (0.05) -2.9e-03*** (1.1e-03) 0.007 17 27 545 [0.64** (0.06) -1.3e-04 (3.9e-03) 4.263** (1.708) 0.059 14 17 312
Sy m.a. gap 0.64*** (0.05) 3.3e-04 (3.4e-04) 0.002 17 27 545 |0.75*** (0.04) 1.6e-03 (2.1e-03) 3.849** (1.845) 0.090 14 17 312
m.a. gap 0.57**  (0.04) -2.1e-03*** (3.6e-04) 0.030 17 27 545 [0.67** (0.08) -1.5e-03 (1.0e-03) 4.535** (1.762) 0.073 14 17 312
CBOE Volatility Index 0.19%** (0.03) -0.232***  (0.051) 0.177 30 27 2175 [0.91*** (0.03) -0.368***  (0.109) 11.278*** (3.295) 0.403 16 17 1254
3y growth 0.18*** (0.03) -0.043***  (0.008) 0.205 29 27 1853 [0.92*** (0.02) -0.074***  (0.010)  8.683*** (2.375) 0.432 16 17 1086
1y growth 0.39*%** (0.02) -0.015***  (0.003) 0.019 30 27 2067 |0.76*** (0.05) -0.016***  (0.003) 7.917***  (1.680) 0.149 16 17 1198
3y difference 0.20*** (0.02) -0.149***  (0.021) 0.193 29 27 1853 [0.91*** (0.02) -0.229***  (0.026) 8.485***  (2.109) 0.421 16 17 1086
1y difference 0.39%** (0.02) -0.042***  (0.010) 0.010 30 27 2067 [0.76*** (0.05) -0.040***  (0.016) 7.944***  (1.687) 0.139 16 17 1198
trend gap 0.16*** (0.03) -0.233***  (0.045) 0.236 24 27 1682 [0.94*** (0.01) -0.430***  (0.030) 5.935%**  (1.978) 0.500 14 17 994
relative gap 0.15*** (0.04) -0.052***  (0.013)  0.251 24 27 1682 [0.96*** (0.01) -0.141***  (0.010) 5.850%**  (2.162) 0.574 14 17 994
Sy m.a. gap 0.22*%** (0.03) -0.195***  (0.027) 0.144 24 27 1682 [0.88*** (0.03) -0.253***  (0.021) 6.920***  (1.712) 0.298 14 17 994
m.a. gap 0.11*%** (0.02) -0.628***  (0.205)  0.319 24 27 1682 [0.95*** (0.01) -1.412***  (0.127) 9.874***  (3.544) 0.537 14 17 994

continues on next page...



German 10y Bund 0.30%** (0.05) -0.424***  (0.117) 0.071 31 27 3961 [0.85*** (0.04) -0.753**  (0.383)  6.199*** (2.071) 0.263 17 17 1892
3y growth 054  (0.03) 1.4e-03 (4.3e-03) 0.000 31 27 3637 |0.78*** (0.05) 3.6e-04 (5.4e-03) 9.773***  (1.782) 0.159 17 17 1892
1y growth 0.62%** (0.03) 0.024***  (0.005) 0.019 31 27 3853 [0.78*** (0.05) 0.030***  (0.007)  9.964*** (1.879) 0.186 17 17 1892
3y difference 0.57*  (0.04) 0.073 (0.059)  0.003 31 27 3637 [0.78*** (0.05) 0.108* (0.065)  9.771*** (1.770) 0.163 17 17 1892
1y difference 0.61%** (0.03) 0.291***  (0.082) 0.013 31 27 3853 [0.78*** (0.05) 0.401***  (0.120)  9.820*** (1.807) 0.177 17 17 1892
trend gap 0.64*** (0,03) 0.313***  (0.084) 0.017 31 27 3448 [0.77*** (0.05) 0.326***  (0.102)  9.845*** (1.787) 0.172 17 17 1892
relative gap 0.63*** (0.03) 0.025***  (0.006) 0.021 31 27 3448 [0.77*** (0.05) 0.028***  (0.007)  10.017*** (1.822) 0.179 17 17 1892
Sy m.a. gap 0.61%** (0.03) 0.233** (0.093)  0.011 31 27 3448 [0.78*** (0.05) 0.263** (0.105)  9.779***  (1.770) 0.169 17 17 1892
m.a. gap 0.36**  (0.05) -0.341**  (0.149)  0.026 31 27 3448 [0.83*** (0.04) -0.728* (0.391)  7.402*** (1.994) 0.221 17 17 1892
German 1y bill 046  (0.05) -0.039 (0.085)  0.001 30 27 2688 [0.80*** (0.05) -0.194 (0.148)  8.234*** (1.930) 0.166 16 17 1520
3y growth 0.67*** (0.05) 0.011***  (0.003) 0.058 30 27 2364 [0.82*** (0.03) 0.016***  (0.002)  8.525*** (1.937) 0.233 16 17 1352
1y growth 0.73*** (0.05) 0.028***  (0.005) 0.096 30 27 2580 [0.89*** (0.02) 0.042***  (0.003)  9.377*** (2.140) 0.327 16 17 1464
3y difference 0.64**  (0.06) 0.179%* (0.077)  0.030 30 27 2364 [0.80%** (0.04) 0.287***  (0.057)  8.360*** (1.815) 0.198 16 17 1352
1y difference 0.71*** (0.05) 0.509***  (0.156) 0.059 30 27 2580 [0.86*** (0.03) 0.874***  (0.108)  9.255*** (1.941) 0.274 16 17 1464
trend gap 0.65**  (0.06) 0.306** (0.131)  0.038 30 27 2175 [0.80%** (0.04) 0.562***  (0.111)  8.576*** (1.867) 0.223 16 17 1254
relative gap 0.71%** (0.05) 0.021***  (0.006) 0.088 30 27 2175 [0.86*** (0.03) 0.037***  (0.005)  9.188*** (2.181) 0.319 16 17 1254
Sy m.a. gap 0.64**  (0.06) 0.296** (0.132)  0.033 30 27 2175 [0.81*** (0.04) 0.548***  (0.101)  8.365*** (1.859) 0.217 16 17 1254
m.a. gap 0.60** (0.04) 0.116 (0.081)  0.008 30 27 2175 [0.75*** (0.05) 0.039 (0.105)  8.207*** (1.768) 0.136 16 17 1254
German 1m bill 0.42*  (0.05) -0.113 (0.073)  0.009 30 27 3104 |0.83*** (0.04) -0.295* (0.164)  8.299*** (1.945) 0.196 16 17 1728
3y growth 0.63*** (0.04) 3.3e-03**  (1.3e-03) 0.009 30 27 2792 [0.78*** (0.05) 5.5e-03*** (1.2e-03) 9.500*** (1.901) 0.174 16 17 1572
1y growth 0.68*** (0.05) 0.012***  (0.003) 0.030 30 27 3000 [0.84*** (0.04) 0.021***  (0.002)  10.573*** (2.157) 0.245 16 17 1676
3y difference 0.62**  (0.05) 0.074* (0.040)  0.008 30 27 2792 [0.78*** (0.05) 0.129***  (0.032)  9.270*** (1.846) 0.171 16 17 1572
1y difference 0.63**  (0.05) 0.179** (0.075)  0.013 30 27 3000 [0.81*** (0.05) 0.431***  (0.069)  10.353*** (2.047) 0.213 16 17 1676
trend gap 0.71%** (0.05) 0.397***  (0.100) 0.072 30 27 2607 [0.82*** (0.03) 0.533***  (0.088)  8.652*** (1.869) 0.235 16 17 1478
relative gap 0.76*** (0.05) 0.025***  (0.005) 0.117 30 27 2607 [0.87*** (0.02) 0.036***  (0.005)  9.028*** (2.142) 0.321 16 17 1478
Sy m.a. gap 0.68*** (0.05) 0.350***  (0.116) 0.049 30 27 2607 [0.81*** (0.04) 0.513***  (0.096)  8.668*** (1.864) 0.222 16 17 1478
m.a. gap 0.57*  (0.04) 0.110 (0.085)  0.006 30 27 2607 [0.78*** (0.05) -0.037 (0.122)  8.831*** (1.826) 0.149 16 17 1478
US 10y T-note 0.32*** (0.04) -0.319***  (0.084) 0.058 31 27 3961 [0.84*** (0.03) -0.379**  (0.182)  7.046*** (2.079) 0.215 17 17 1892
3y growth 0.65%** (0.03) 0.011***  (0.003) 0.013 31 27 3637 [0.83*** (0.04) 0.032***  (0.004)  11.903*** (2.381) 0.242 17 17 1892
1y growth 0.55%** (0,01) 0.011***  (0.003) 0.005 31 27 3853 [0.80*** (0.05) 0.022***  (0.002)  10.072*** (1.845) 0.176 17 17 1892
3y difference 0.62%** (0.03) 0.071* (0.039)  0.003 31 27 3637 [0.80%** (0.05) 0.280***  (0.041)  10.802*** (2.083) 0.197 17 17 1892
1y difference 0.52*  (0.01) 0.093***  (0.030) 0.002 31 27 3853 [0.79*** (0.05) 0.237***  (0.041)  10.007*** (1.833) 0.169 17 17 1892
trend gap 0.60%  (0.05) 0.135 (0.097)  0.006 31 27 3448 [0.83*** (0.04) 0.554***  (0.145)  9.844*** (2.021) 0.227 17 17 1892
relative gap 0.64** (0.06) 0.034***  (0.012) 0.048 31 27 3448 [0.89*** (0.03) 0.089***  (0.021)  10.359*** (2.525) 0.370 17 17 1892
Sy m.a. gap 0.62%** (0.03) 0.104** (0.043)  0.003 31 27 3448 [0.80%** (0.05) 0.391***  (0.057)  10.612*** (2.024) 0.190 17 17 1892
m.a. gap 0.33*** (0.03) -0.326***  (0.060)  0.060 31 27 3448 [0.82*** (0.04) -0.272**  (0.129)  7.917*** (1.926) 0.187 17 17 1892
US 1y T-bill 044  (0.04) -0.048 (0.035)  0.003 30 27 2688 [0.77*** (0.05) 0.017 (0.058)  9.202*** (2.075) 0.151 16 17 1520
3y growth 0.82*** (0.04) 0.012***  (0.002) 0.235 30 27 2364 [0.98*** (0.01) 0.022***  (0.006)  11.643*** (2.938) 0.617 16 17 1352
1y growth 0.69%** (0.02) 0.011***  (0.001) 0.033 30 27 2580 [0.83*** (0.05) 0.013***  (0.002)  8.864*** (1.700) 0.198 16 17 1464
3y difference 0.82*** (0.04) 0.528***  (0.125) 0.203 30 27 2364 [0.97*** (0.01) 1.589***  (0.330)  13.523*** (3.821) 0.631 16 17 1352
1y difference 0.67*** (0.02) 0.357***  (0.045) 0.051 30 27 2580 [0.83*** (0.04) 0.542***  (0.045)  9.408*** (1.855) 0.233 16 17 1464
trend gap 0.76%** (0.03) 0.723***  (0.149) 0.110 30 27 2175 [0.92*** (0.02) 1.586***  (0.145)  10.842*** (2.720) 0.407 16 17 1254
relative gap 0.78*** (0.04) 0.033***  (0.007) 0.197 30 27 2175 [0.96*** (0.02) 0.071***  (0.018)  10.404*** (3.627) 0.596 16 17 1254
Sy m.a. gap 0.80*** (0.04) 0.771***  (0.161) 0.168 30 27 2175 [0.95%** (0.01) 1.846***  (0.219)  10.842*** (3.241) 0535 16 17 1254
m.a. gap 0.71*** (0.03) 0.507***  (0.112)  0.073 30 27 2175 [0.86*** (0.03) 0.876***  (0.120)  9.890*** (2.175) 0.295 16 17 1254
US 1m T-bill 0.39%** (0.03) -0.096***  (0.028) 0.015 30 27 3104 [0.79*** (0.05) -0.018 (0.048)  9.511%** (2.127) 0.163 16 17 1728
3y growth 0.81%*** (0.04) 0.010***  (0.002) 0.241 30 27 2792 [0.97*** (0.01) 0.018***  (0.004)  12.553*** (2.857) 0.626 16 17 1572
1y growth 0.71*** (0.03) 0.013***  (0.002) 0.052 30 27 3000 [0.87*** (0.04) 0.017***  (0.002)  9.793*** (1.943) 0.253 16 17 1676
3y difference 0.78*** (0.04) 0.227***  (0.037) 0.094 30 27 2792 [0.92*** (0.02) 0.426***  (0.038)  11.479*** (2.657) 0.372 16 17 1572
1y difference 0.68*** (0.02) 0.158***  (0.019) 0.023 30 27 3000 [0.83*** (0.05) 0.292***  (0.028)  10.446*** (2.040) 0.218 16 17 1676
trend gap 0.80%** (0.04) 0.750***  (0.167) 0.175 30 27 2607 [0.95*** (0.01) 2.058***  (0.521)  9.905*** (3.293) 0.523 16 17 1478
relative gap 0.80%** (0.04) 0.025***  (0.005) 0.234 30 27 2607 [0.97*** (0.02) 0.050***  (0.013)  9.974*** (3.465) 0.632 16 17 1478
Sy m.a. gap 0.83*** (0.04) 0.852***  (0.184) 0.227 30 27 2607 [0.97*** (0.01) 2.526***  (0.565)  12.551*** (3.869) 0.641 16 17 1478
m.a. gap 0.71%** (0.04) 0.482***  (0.128) 0.068 30 27 2607 [0.87*** (0.03) 0.903***  (0.124)  10.895*** (2.467) 0.320 16 17 1478

Robust standard errors adjusted for clustering are reported in the parentheses. *,** and *** indicate statistical significance at the 10%, 5% and 1 %-level.



Panel F: Measures of the strength of bank balance sheets, Laeven & Valencia crisis dataset

univariate Indicator bivariate Indicator Credit-to-GDP gap
Indicator Transformation AUC Logit coeff. pR2 Cr Co N AUC Logit coeff. Logit coeff. pR2 Cr Co N
Leverage ratio 0.34*** (0.05) -0.251***  (0.073) 0.055 16 25 716 |0.64* (0.08) -0.182** (0.079) 3.700%* (1.604) 0.071 14 17 553
3y growth 0.46  (0.07) -8.3e-03  (1.3e-02) 0.004 16 24 420 [0.58  (0.07) 7.5e-03 (1.8e-02) 3.222 (1.968) 0.030 14 17 349
1y growth 0.49 (0.04) -5.3e-03 (1.4e-02) 0.001 16 25 616 (0.60 (0.06) 0.018 (0.018) 3.739%* (1.780) 0.043 14 17 485
3y difference 049  (0.07) 0.014 (0.160)  0.000 16 24 420 [0.59  (0.08) 0.197 (0.211)  3.387* (1.848) 0.037 14 17 349
1y difference 0.50 (0.05) -0.024 (0.183) 0.000 16 25 616 |0.60 (0.07) 0.251 (0.244) 3.695%* (1.770) 0.043 14 17 485
Loans / deposits 0.60  (0.06) 6.8e-03** (3.0e-03) 0.023 16 25 498 [0.64*  (0.07) 4.1e-03 (3.4e-03) 3.770**  (1.621) 0.067 14 17 370
3y growth 0.24**  (0.09) -0.053** (0.026) 0.166 15 22 203 [0.78** (0.12) -0.075* (0.039) 7.302 (4.538) 0.221 13 16 167
1y growth 047  (0.06) -0.027 (0.026)  0.007 16 25 398 |0.65** (0.07) -0.053 (0.043)  4.847%**  (1.789) 0.075 14 17 302
3y difference 0.29** (0.08) -0.033 (0.023) 0.075 15 22 203 [0.76** (0.11) -0.050 (0.037) 7.017 (4.594) 0.120 13 16 167
1y difference 0.49 (0.06) -5.0e-03 (2.2e-02) 0.000 16 25 398 [0.65** (0.06) -0.015 (0.035) 4.622%* (1.864) 0.063 14 17 302
Total assets / GDP 0.67*** (0.05) 0.030* (0.018) 0.008 16 21 754 [0.70*** (0.06) 0.333** (0.165) 3.696 (2.279) 0.102 14 17 647
3y growth 0.58 (0.06) 0.014 (0.010) 0.010 16 20 506 |0.61 (0.07) 1.1e-03 (1.5e-02) 3.657* (2.183) 0.042 14 17 467
1y growth 0.62**  (0.05) 0.044%* (0.020) 0.018 16 21 670 [0.65** (0.07) 0.019 (0.026)  4.129%%  (1.849) 0.059 14 17 587
3y difference 0.67** (0.06) 0.527** (0.247) 0.032 16 20 506 |0.67** (0.07) 0.694 (0.679) 2.142 (2.612) 0.058 14 17 467
1y difference 0.67*** (0.05) 1.024* (0.523) 0.032 16 21 670 [0.68** (0.07) 1.598 (1.211)  3.061 (2.283) 0.073 14 17 587
Non-core liabilities / GDP 0.66** (0.07) 0.043* (0.023) 0.010 15 20 389 |0.69** (0.08) 0.412 (0.361) 3.006* (1.802) 0.079 13 16 338
3y growth 035  (0.16) -0.017 (0.014) 0.047 13 17 159 [0.78** (0.11) -0.049***  (0.017)  7.558**  (3.271) 0.225 12 15 147
1y growth 0.57 (0.06) 0.013 (0.019) 0.004 15 20 309 |0.64** (0.07) -1.0e-02 (1.7e-02) 4.211*** (1.603) 0.060 13 16 274
3y difference 0.81** (0.12) 6.823 (4.485) 0.228 13 17 159 [0.79  (0.14) 6.208 (4.543)  1.620 (4.295) 0.185 12 15 147
1y difference 0.65**  (0.06) 1.965*** (0.750) 0.047 15 20 309 [0.65** (0.07) 0.639 (1.516) 3.607* (1.975) 0.060 13 16 274
Non-core liabilities / Total assets 0.70%** (0.06) 4.753** (1.893) 0.080 15 24 458 |0.66*  (0.08) 3.438 (2.387)  3.147**  (1.473) 0.090 13 16 338
3y growth 0.31 (0.12) -0.055* (0.030) 0.125 13 20 180 |0.74 (0.13) -0.065 (0.046) 4.169 (3.179) 0.155 12 15 147
1y growth 046  (0.05) -0.024 (0.021) 0.007 15 24 362 |0.64** (0.06) -0.016 (0.028)  4.013**  (1.593) 0.060 13 16 274
3y difference 0.36 (0.12) -9.453 (8.448) 0.045 13 20 180 |0.70 (0.13) -10.169 (14.391) 4.172 (3.142) 0.077 12 15 147
1y difference 0.48 (0.05) -1.972 (6.057) 0.001 15 24 362 |0.64** (0.06) 0.465 (8.929) 4.034** (1.628) 0.058 13 16 274
Foreign currency cross border loans / GDP 0.73*** (0.07) 0.452*** (0.122)  0.007 13 15 898 (0.81*** (0.04) 18.691 (14.440)  3.987 (2.981) 0.136 11 11 818
3y growth 0.56 (0.08) -1.2e-03 (1.8e-03) 0.004 12 14 699 [(0.68** (0.07) -1.7e-03 (1.8e-03) 5.552***  (1.862) 0.087 10 11 663
1y growth 059  (0.06) -2.2e-04  (1.6e-03) 0.000 13 15 811 [0.68** (0.07) -5.3e-05  (1.5e-03) 5.636*** (1.790) 0.082 11 11 747
3y difference 0.79*** (0.06) 1.357 (1.310) 0.003 13 14 730 |0.86*** (0.04) 124.861*** (28.688) 3.726 (2.433) 0.268 11 11 694
1y difference 0.73*** (0.05) 4.116** (1.860)  0.008 13 15 842 [0.85*** (0.04) 142.378** (60.934) 4.868**  (2.361) 0.195 11 11 778
trend gap 0.80*** (0.06) 20.392 (74.852) 0.018 12 12 639 (0.87*** (0.04) 201.174*** (68.337) 3.189 (2.102) 0.266 11 11 617
relative gap 0.67*  (0.08) 4.9e-03 (3.8e-03) 0.014 12 12 627 |0.69** (0.08) 2.8e-03 (3.0e-03) 5.011*** (1.789) 0.084 11 11 605
5y m.a. gap 0.83*** (0.06) 44.908 (103.928) 0.064 12 12 639 [0.88*** (0.04) 207.098*** (71.694)  3.993* (2.236) 0.297 11 11 617
m.a. gap 0.83*** (0.06) 34.197 (57.015) 0.071 12 12 639 [0.90*** (0.03) 135.659*** (42.514) 4.662**  (2.082) 0.340 11 11 617
Own currency cross border loans / GDP 0.73*** (0.07) 0.746*** (0.179) 0.010 13 15 898 [0.83*** (0.04) 23.759 (18.969) 3.670 (3.213) 0.139 11 11 818
3y growth 055  (0.07) -1.7e-03  (2.0e-03) 0.006 12 14 699 [0.68** (0.08) -2.8e-03  (2.1e-03) 5.760*** (1.870) 0.094 10 11 663
1y growth 0.58 (0.06) -8.8e-04 (1.6e-03) 0.001 13 15 811 [0.68*** (0.07) -9.1e-04 (1.6e-03) 5.652***  (1.782) 0.083 11 11 747
3y difference 0.79*** (0.05) 5.817*** (2.193) 0.022 13 14 730 |0.82*** (0.05) 66.859 (68.266)  4.222* (2.383) 0.141 11 11 694
1y difference 0.70*** (0.06) 7.172*** (2.202) 0.015 13 15 842 [0.78*** (0.06) 62.364 (80.890)  5.329** (2.087) 0.115 11 11 778
trend gap 0.78*** (0.07) 142.886* (80.027) 0.132 12 12 639 (0.83*** (0.05) 163.547** (71.841) 5.628* (2.941) 0.200 11 11 617
relative gap 0.65 (0.08) 4.1e-03 (3.5e-03) 0.010 12 12 627 [0.69** (0.08) 2.1e-03 (3.1e-03) 5.087*** (1.779) 0.082 11 11 605
Foreign currency cross border loans / Assets 0.58 (0.07) 3.130 (8.741) 0.001 12 16 558 (0.64 (0.08) 18.806 (32.114) 3.294 (2.219) 0.045 10 11 458
3y growth 050  (0.06) -3.6e-03  (2.4e-03) 0.010 12 15 370 [0.54  (0.08) -1.9e-03  (2.5e-03) 2.047 (2.069) 0.018 10 11 326
1y growth 0.52 (0.05) -3.1e-03 (4.0e-03) 0.002 12 16 494 (0.56 (0.08) 2.0e-03 (6.0e-03) 2.992 (2.134) 0.029 10 11 414
3y difference 0.57  (0.06) 24.946 (24.227) 0.005 12 15 370 [0.69** (0.07) 125.263** (53.025) 3.198 (2.575) 0.068 10 11 326
1y difference 0.60**  (0.05) 61.482 (39.669) 0.010 12 16 494 [0.73*** (0.06) 265.247*** (101.944) 3.793 (2.420) 0.093 10 11 414
Own currency cross border loans / Assets 0.60 (0.07) 12.114 (12.588) 0.004 12 16 558 [(0.67** (0.07) 40.500 (51.638)  3.061 (2.363) 0.054 10 11 458
3y growth 0.45 (0.06) -6.0e-03* (3.1e-03) 0.021 12 15 370 [0.56 (0.08) -5.2e-03 (3.2e-03) 2.051 (1.991) 0.030 10 11 326
1y growth 0.49 (0.05) -5.2e-03 (3.2e-03) 0.006 12 16 494 (0.57 (0.08) -2.9e-03 (3.3e-03) 2.895 (2.050) 0.030 10 11 414
3y difference 0.59 (0.06) 30.685 (35.140) 0.004 12 15 370 (0.63* (0.08) 57.211 (46.994)  2.438 (2.163) 0.026 10 11 326
1y difference 0.58* (0.05) 37.175 (37.628) 0.004 12 16 494 [0.61 (0.08) 61.050 (62.317)  3.090 (2.080) 0.037 10 11 414
(ST liabilities - Liquid assets) / Total Assets 0.52 (0.07) 0.171 (1.583) 0.000 11 12 247 ]0.50 (0.10) -0.751 (2.332) 2.295 (1.969) 0.018 10 11 227
3y growth 0.47 (0.10) -5.4e-04*** (1.8e-04) 0.007 11 12 103 (0.50 (0.11) -4.8e-04*** (1.3e-04) 0.557 (1.810) 0.008 10 11 95
1y growth 0.65** (0.07) 1.1e-03 (2.0e-03) 0.005 11 12 199 [0.67*** (0.05) 0.022** (0.011)  1.816 (1.530) 0.087 10 11 183
3y difference 0.51 (0.10) 2.106 (5.689) 0.002 11 12 103 |0.55 (0.11) 1.997 (5.966) 0.468 (1.827) 0.003 10 11 95
1y difference 0.64** (0.07) 16.833**  (7.321) 0.050 11 12 199 [0.63*  (0.06) 12.979* (7.269)  1.730 (1.492) 0.047 10 11 183
Short-term liabilities / Liquid assets 0.52 (0.07) 0.213 (0.401) 0.002 11 12 247 |0.54 (0.07) 0.022 (0.628) 2.014 (2.201) 0.017 10 11 227
3y growth 044  (0.13) -0.013 (0.023) 0.006 11 12 103 |0.57  (0.14) -0.012 (0.024)  0.655 (1.803) 0.006 10 11 95
1y growth 0.61* (0.07) 0.042 (0.026) 0.022 11 12 199 |0.58 (0.06) 0.026 (0.024) 1.723 (1.462) 0.026 10 11 183
3y difference 038  (0.12) -1.021 (1.255) 0012 11 12 103 [0.63  (0.13) -0.915 (13200 0.777 (1.816) 0.011 10 11 95
1y difference 0.59 (0.07) 1.575 (1.302) 0.011 11 12 199 |0.57 (0.06) 0.941 (1.298) 1.779 (1.441) 0.021 10 11 183

Robust standard errors adjusted for clustering are reported in the parentheses. *,** and *** indicate statistical significance at the 10%, 5% and 1 %-level.



Annex C: Evaluation results for different horizons.

Table C1. AUCs for different horizons with Detken et al. (2014) crisis dataset. AUC values with | AUC-0.5|>0.15 are
underlined and with | AUC-0.5]|>0.25 double underlined. Also the 95 % confidence intervals and clustered bootstrapped

standard errors are shown.

Panel A: Measures of credit developments

Horizon| -20 -19 -18 -17 -16 -15 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
Household credit (real) 3y growth AUC|0.70 0.71 0.70 0.70 0.69 0.70 0.70 0.71 0.70 0.72 0.71 0.71 0.71 0.71 0.73 0.71 0.72 0.70 0.68 0.63
Crises: 11 high|0.79 0.79 0.77 0.79 0.80 0.81 0.80 0.81 0.79 0.83 0.83 0.81 0.83 0.81 0.82 0.81 0.81 0.80 0.79 0.79
Countries: 14 low |0.58 0.60 0.61 0.59 0.56 0.58 0.56 0.60 0.56 0.58 0.57 0.58 0.59 0.59 0.62 0.61 0.62 0.59 0.57 0.52
Observations: 699 S.E. [0.05 0.05 0.05 0.05 0.06 0.06 0.06 0.05 0.06 0.06 0.06 0.06 0.06 0.06 0.05 0.05 0.05 0.06 0.06 0.06
Household credit (real) relative gap AUC|0.70 0.71 0.70 0.71 0.71 0.71 0.71 0.73 0.72 0.74 0.73 0.75 0.73 0.73 0.72 0.71 0.71 0.69 0.66 0.64
Crises: 11 high|0.81 0.82 0.83 0.84 0.85 0.84 0.84 0.86 0.84 0.85 0.85 0.87 0.84 0.84 0.85 0.84 0.84 0.84 0.81 0.82
Countries: 14 low |0.49 0.48 0.50 0.52 0.52 0.52 0.52 0.55 0.52 0.55 0.56 0.60 0.54 0.55 0.55 0.52 0.52 0.50 0.47 0.47
Observations: 632 S.E. [0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.07 0.07 0.07 0.07 0.07 0.07 0.08 0.08 0.08 0.09 0.09
Total credit / GDP trend gap AUC|0.79 0.78 0.76 0.76 0.78 0.78 0.79 0.83 0.83 0.86 0.85 0.87 0.86 0.88 0.89 0.91 0.89 0.88 0.89 0.90
Crises: 19 high|0.85 0.86 0.85 0.84 0.86 0.86 0.87 0.88 0.89 0.90 0.90 0.91 0.90 0.91 0.93 0.94 0.94 0.94 0.95 0.95
Countries: 18 low |0.70 0.68 0.66 0.68 0.69 0.69 0.71 0.77 0.76 0.80 0.79 0.82 0.79 0.82 0.84 0.85 0.83 0.80 0.82 0.82
Observations: 1491 S.E. [0.04 0.05 0.05 0.04 0.05 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.03 0.02 0.02 0.02 0.03 0.04 0.03 0.03
Total bank credit / GDP 3y diff. AUC|0.78 0.79 0.77 0.78 0.79 0.79 0.79 0.82 0.83 0.85 0.86 0.87 0.88 0.87 0.88 0.88 0.88 0.87 0.87 0.87
Crises: 20 high[0.87 0.90 0.87 0.87 0.89 0.87 0.88 0.90 0.91 0.92 0.92 0.93 0.94 0.93 0.94 0.95 0.95 0.95 0.95 0.95
Countries: 18 low |0.66 0.69 0.66 0.68 0.68 0.69 0.69 0.74 0.74 0.76 0.76 0.79 0.80 0.79 0.79 0.80 0.78 0.78 0.78 0.76
Observations: 1565 S.E. 10.05 0.05 0.05 0.05 0.05 0.05 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.04 0.05
Total bank credit / GDP trend gap AUC|0.76 0.77 0.76 0.77 0.77 0.78 0.79 0.83 0.85 0.88 0.88 0.89 0.89 0.87 0.87 0.87 0.87 0.87 0.88 0.88
Crises: 19 high|0.86 0.87 0.85 0.85 0.87 0.87 0.88 0.90 0.90 0.92 0.92 0.93 0.93 0.93 0.92 0.94 0.94 0.95 0.96 0.95
Countries: 18 low |0.65 0.66 0.65 0.68 0.69 0.69 0.72 0.76 0.78 0.82 0.82 0.83 0.82 0.80 0.79 0.79 0.78 0.78 0.79 0.79
Observations: 1459 S.E. [0.05 0.05 0.05 0.05 0.05 0.05 0.04 0.04 0.03 0.03 0.02 0.02 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04
Total bank credit / GDP 1y diff. / 5y m.a. AUC|0.72 0.73 0.73 0.76 0.80 0.82 0.84 0.86 0.86 0.86 0.87 0.87 0.88 0.86 0.85 0.83 0.84 0.83 0.82 0.79
Crises: 20 high|0.81 0.83 0.83 0.84 0.88 0.89 0.90 0.92 0.92 0.93 0.94 0.94 0.95 0.93 0.93 0.92 0.93 0.93 0.93 0.92
Countries: 18 low [0.63 0.64 0.64 0.68 0.71 0.73 0.74 0.76 0.77 0.76 0.76 0.77 0.77 0.75 0.74 0.72 0.69 0.69 0.66 0.62
Observations: 1701 S.E. [0.05 0.05 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.06 0.06 0.07 0.07
Total household credit / GDP 3y diff. AUC(0.81 0.81 0.81 0.83 0.83 0.84 0.85 0.86 0.86 0.87 0.87 0.88 0.88 0.89 0.89 0.89 0.90 0.90 0.90 0.89
Crises: 17 high|0.90 0.89 0.90 0.91 0.91 0.92 0.93 0.93 0.93 0.93 0.94 0.94 0.94 0.95 0.95 0.95 0.96 0.96 0.95 0.95
Countries: 17 low |0.70 0.71 0.72 0.73 0.72 0.74 0.75 0.76 0.76 0.77 0.77 0.78 0.78 0.80 0.80 0.82 0.82 0.82 0.82 0.80
Observations: 974 S.E. [0.05 0.04 0.05 0.04 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.04
Total household credit / GDP 1y diff. AUC|0.81 0.79 0.79 0.80 0.82 0.82 0.85 0.87 0.87 0.89 0.89 0.88 0.86 0.84 0.83 0.84 0.86 0.84 0.85 0.85
Crises: 18 high[0.88 0.88 0.88 0.89 0.91 0.91 0.91 0.92 0.91 0.94 0.93 0.94 0.93 0.90 0.90 0.89 0.92 0.92 0.92 0.92
Countries: 18 low |0.73 0.71 0.67 0.67 0.69 0.71 0.74 0.79 0.78 0.83 0.84 0.81 0.76 0.77 0.75 0.76 0.77 0.75 0.75 0.74
Observations: 1089 S.E. 10.04 0.04 0.05 0.05 0.05 0.05 0.04 0.03 0.03 0.03 0.02 0.03 0.04 0.03 0.04 0.03 0.04 0.04 0.04 0.04
Total household credit / GDP trend gap AUC|0.76 0.76 0.77 0.78 0.80 0.81 0.82 0.84 0.85 0.86 0.86 0.87 0.87 0.88 0.86 0.86 0.85 0.83 0.83 0.83
Crises: 17 high|0.87 0.86 0.87 0.87 0.89 0.90 0.91 0.92 0.92 0.92 0.93 0.93 0.93 0.93 0.93 0.92 0.93 0.92 0.93 0.92
Countries: 17 low |0.63 0.64 0.62 0.68 0.69 0.69 0.71 0.75 0.76 0.78 0.79 0.79 0.79 0.79 0.77 0.77 0.76 0.71 0.72 0.71
Observations: 876 S.E. [0.06 0.06 0.06 0.05 0.05 0.05 0.05 0.04 0.04 0.04 0.04 0.03 0.03 0.04 0.04 0.04 0.04 0.05 0.05 0.05
Total household credit / GDP 1y diff. / 5y m.a. AUC(0.81 0.81 0.81 0.83 0.84 0.85 0.86 0.87 0.88 0.89 0.90 0.89 0.89 0.88 0.87 0.85 0.85 0.83 0.82 0.79
Crises: 18 high|0.88 0.89 0.89 0.89 0.91 0.91 0.92 0.93 0.93 0.94 0.95 0.95 0.95 0.95 0.93 0.93 0.93 0.92 0.92 0.90
Countries: 18 low [0.73 0.73 0.72 0.70 0.72 0.73 0.75 0.80 0.80 0.82 0.82 0.80 0.81 0.78 0.76 0.76 0.73 0.69 0.69 0.63
Observations: 1093 S.E. [0.04 0.04 0.04 0.05 0.05 0.04 0.04 0.03 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.05 0.06 0.06 0.07
Total corporate credit / GDP trend gap AUC(0.60 0.57 0.54 0.54 0.54 0.53 0.53 0.57 0.58 0.59 0.61 0.65 0.67 0.67 0.75 0.80 0.78 0.79 0.80 0.81
Crises: 17 high|0.70 0.69 0.67 0.67 0.67 0.65 0.65 0.68 0.68 0.71 0.71 0.76 0.77 0.77 0.84 0.89 0.90 0.90 0.90 0.91
Countries: 17 low | 0.44 0.41 0.37 0.39 0.39 0.39 0.39 0.41 0.43 0.46 0.47 0.51 0.54 0.54 0.61 0.65 0.63 0.62 0.66 0.66
Observations: 857 S.E. [0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.06 0.06 0.06 0.06 0.05 0.06 0.07 0.07 0.06 0.06
Panel B: Measures of private sector debt burden

Horizon| -20 -19 -18 -17 -16 -15 -14 -13 -12 -1 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
Household credit / Gross disposable income 3y diff. |AUC|0.73 0.72 0.74 0.74 0.75 0.76 0.77 0.78 0.78 0.79 0.80 0.81 0.84 0.85 0.86 0.86 0.86 0.85 0.84 0.82
Crises: 14 high|0.85 0.84 0.86 0.86 0.86 0.87 0.88 0.91 0.90 0.91 0.91 0.92 0.93 0.94 0.95 0.95 0.95 0.96 0.94 0.91
Countries: 10 low |0.58 0.60 0.61 0.62 0.60 0.60 0.62 0.65 0.62 0.64 0.67 0.69 0.75 0.75 0.76 0.78 0.77 0.78 0.75 0.71
Observations: 742 S.E. [0.07 0.06 0.07 0.06 0.07 0.07 0.07 0.07 0.07 0.07 0.06 0.06 0.05 0.05 0.05 0.04 0.04 0.05 0.05 0.05
Household credit / Gross disposable income 1y diff. |AUC|0.69 0.67 0.68 0.71 0.74 0.77 0.80 0.84 0.83 0.84 0.84 0.83 0.83 0.80 0.79 0.78 0.76 0.69 0.66 0.65
Crises: 15 high|0.82 0.80 0.82 0.84 0.84 0.86 0.91 0.92 0.92 0.92 0.91 0.90 0.90 0.91 0.89 0.87 0.86 0.83 0.80 0.79
Countries: 11 low |0.56 0.54 0.52 0.53 0.59 0.61 0.69 0.74 0.73 0.74 0.76 0.74 0.75 0.72 0.71 0.69 0.68 0.58 0.55 0.49
Observations: 817 S.E. [0.07 0.07 0.07 0.08 0.06 0.06 0.06 0.04 0.05 0.04 0.04 0.04 0.04 0.05 0.04 0.05 0.05 0.06 0.06 0.08
Household credit / Gross disposable income trend gap |AUC| 0.72 0.72 0.72 0.77 0.78 0.79 0.81 0.84 0.85 0.86 0.86 0.86 0.87 0.87 0.86 0.86 0.85 0.84 0.79 0.78
Crises: 14 high|0.85 0.84 0.84 0.89 0.90 0.90 0.92 0.93 0.93 0.94 0.94 0.94 0.94 0.96 0.95 0.95 0.93 0.93 0.90 0.90
Countries: 10 low [0.57 0.59 0.57 0.63 0.66 0.65 0.66 0.75 0.74 0.74 0.75 0.77 0.75 0.76 0.73 0.74 0.73 0.71 0.66 0.62
Observations: 679 S.E. [0.07 0.07 0.07 0.07 0.06 0.06 0.06 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.06 0.07
Debt-service-ratio (BIS) 1y growth AUC|0.48 0.46 0.44 0.39 0.40 0.45 0.50 0.57 0.59 0.62 0.65 0.67 0.71 0.72 0.77 0.79 0.78 0.76 0.72 0.69
Crises: 16 high|0.62 0.59 0.55 0.53 0.52 0.57 0.62 0.67 0.70 0.73 0.75 0.76 0.80 0.80 0.84 0.86 0.86 0.85 0.83 0.82
Countries: 12 low | 0.37 0.33 0.34 0.30 0.30 0.36 0.41 0.46 0.48 0.50 0.56 0.58 0.63 0.64 0.70 0.72 0.69 0.68 0.61 0.54
Observations: 1035 S.E. [0.06 0.07 0.06 0.06 0.06 0.05 0.05 0.06 0.06 0.06 0.05 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.06 0.07




Debt-service-ratio (BIS) 1y diff. AUC(0.46 0.44 0.42 0.37 0.38 0.43 0.49 0.57 0.59 0.63 0.66 0.68 0.73 0.74 0.80 0.83 0.82 0.80 0.75 0.72
Crises: 16 high|0.60 0.58 0.54 0.51 0.51 0.55 0.61 0.69 0.72 0.74 0.76 0.76 0.82 0.81 0.88 0.90 0.90 0.89 0.87 0.85
Countries: 12 low [0.33 0.30 0.31 0.27 0.27 0.34 0.38 0.44 0.46 0.50 0.57 0.58 0.65 0.66 0.72 0.75 0.73 0.72 0.65 0.56
Observations: 1035 S.E. 10.07 0.07 0.06 0.06 0.06 0.06 0.06 0.06 0.07 0.06 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.06 0.07
Debt-service-ratio (ESRB) 3y growth AUC|0.66 0.63 0.60 0.58 0.64 0.65 0.67 0.66 0.69 0.71 0.72 0.73 0.74 0.76 0.79 0.81 0.82 0.81 0.82 0.82
Crises: 21 high|0.75 0.73 0.70 0.68 0.73 0.73 0.75 0.75 0.77 0.78 0.79 0.80 0.81 0.82 0.84 0.86 0.87 0.87 0.83 0.88
Countries: 23 low [0.55 0.50 0.46 0.45 0.54 0.55 0.59 0.57 0.59 0.63 0.64 0.64 0.66 0.68 0.72 0.73 0.74 0.74 0.73 0.73
Observations: 1637 S.E. [0.05 0.06 0.06 0.06 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.03 0.03 0.03 0.04 0.04 0.04
Debt-service-ratio (ESRB) 1y growth AUC|0.61 0.61 0.61 0.59 0.60 0.62 0.66 0.69 0.68 0.73 0.74 0.77 0.79 0.77 0.78 0.80 0.79 0.76 0.74 0.72
Crises: 21 high|0.71 0.69 0.71 0.69 0.69 0.71 0.72 0.75 0.76 0.80 0.79 0.83 0.85 0.82 0.84 0.85 0.87 0.84 0.83 0.82
Countries: 24 low [0.51 0.51 0.52 0.50 0.52 0.53 0.57 0.61 0.56 0.61 0.66 0.70 0.74 0.71 0.72 0.73 0.72 0.66 0.60 0.60
Observations: 1803 S.E. [0.05 0.05 0.05 0.05 0.04 0.05 0.04 0.04 0.05 0.05 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.05 0.06 0.06
Debt-service-ratio (ESRB) 3y diff. AUC(0.68 0.67 0.62 0.60 0.65 0.66 0.67 0.67 0.70 0.72 0.73 0.75 0.76 0.78 0.85 0.86 0.86 0.86 0.86 0.86
Crises: 21 high|0.77 0.77 0.74 0.71 0.74 0.74 0.77 0.77 0.79 0.81 0.82 0.83 0.85 0.86 0.90 0.91 0.91 0.91 0.92 0.92
Countries: 23 low [0.56 0.54 0.51 0.48 0.56 0.57 0.58 0.58 0.61 0.62 0.64 0.65 0.67 0.69 0.78 0.80 0.79 0.79 0.79 0.80
Observations: 1637 S.E. [0.05 0.06 0.06 0.06 0.05 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.03
Debt-service-ratio (ESRB) 1y diff. AUC|0.60 0.60 0.62 0.59 0.62 0.63 0.65 0.69 0.69 0.77 0.80 0.81 0.83 0.83 0.84 0.85 0.84 0.81 0.78 0.77
Crises: 21 high{0.71 0.71 0.70 0.69 0.71 0.73 0.73 0.76 0.80 0.85 0.86 0.87 0.88 0.89 0.90 0.90 0.91 0.89 0.88 0.88
Countries: 24 low |0.49 0.50 0.53 0.51 0.54 0.54 0.56 0.60 0.57 0.66 0.72 0.73 0.78 0.77 0.76 0.79 0.76 0.72 0.65 0.64
Observations: 1803 S.E. |0.06 0.06 0.05 0.05 0.04 0.05 0.04 0.04 0.06 0.05 0.04 0.04 0.03 0.03 0.03 0.03 0.04 0.04 0.06 0.06
Debt-service-ratio (ESRB) trend gap AUC|0.71 0.73 0.68 0.66 0.69 0.68 0.68 0.68 0.70 0.73 0.73 0.74 0.77 0.79 0.81 0.86 0.87 0.87 0.86 0.87
Crises: 18 high|0.81 0.83 0.79 0.78 0.80 0.78 0.79 0.77 0.82 0.82 0.82 0.85 0.87 0.89 0.89 0.92 0.94 0.94 0.93 0.94
Countries: 21 low [0.60 0.60 0.57 0.52 0.58 0.56 0.56 0.56 0.58 0.63 0.62 0.62 0.65 0.67 0.70 0.77 0.78 0.77 0.78 0.75
Observations: 1511 S.E. [0.05 0.06 0.05 0.06 0.06 0.06 0.06 0.05 0.06 0.05 0.05 0.06 0.06 0.05 0.05 0.04 0.04 0.04 0.04 0.04
Corporate debt-service-ratio (ESRB) 1y growth AUC|0.43 0.43 0.46 0.47 0.48 0.51 0.51 0.57 0.60 0.67 0.73 0.78 0.77 0.76 0.76 0.74 0.71 0.71 0.67 0.64
Crises: 12 high|0.57 0.60 0.61 0.61 0.63 0.65 0.68 0.71 0.74 0.78 0.85 0.88 0.88 0.88 0.87 0.83 0.82 0.86 0.81 0.81
Countries: 22 low [0.29 0.29 0.34 0.33 0.34 0.33 0.33 0.42 0.47 0.54 0.63 0.68 0.67 0.66 0.65 0.62 0.56 0.57 0.48 0.48
Observations: 754 S.E. [0.07 0.08 0.07 0.07 0.07 0.08 0.09 0.08 0.07 0.06 0.05 0.05 0.05 0.05 0.06 0.05 0.06 0.07 0.08 0.08
Household debt-service-ratio (ESRB) 3y diff. AUC(0.62 0.59 0.61 0.63 0.66 0.67 0.68 0.70 0.69 0.71 0.71 0.73 0.75 0.78 0.78 0.78 0.78 0.78 0.78 0.74
Crises: 11 high|0.74 0.73 0.77 0.76 0.78 0.79 0.81 0.81 0.81 0.84 0.86 0.89 0.90 0.91 0.90 0.92 0.91 0.91 0.92 0.85
Countries: 19 low |0.45 0.41 0.46 0.47 0.52 0.48 0.51 0.52 0.52 0.50 0.49 0.51 0.51 0.58 0.58 0.60 0.57 0.61 0.63 0.58
Observations: 579 S.E. [0.07 0.08 0.08 0.07 0.07 0.07 0.08 0.07 0.08 0.08 0.09 0.09 0.09 0.08 0.08 0.08 0.08 0.08 0.07 0.07
Household debt-service-ratio (ESRB) 1y diff. AUC|0.69 0.64 0.62 0.63 0.63 0.63 0.65 0.72 0.70 0.75 0.77 0.80 0.83 0.80 0.77 0.70 0.69 0.63 0.61 0.57
Crises: 13 high{0.81 0.79 0.78 0.79 0.77 0.77 0.78 0.82 0.82 0.86 0.89 0.92 0.92 0.91 0.88 0.85 0.82 0.76 0.79 0.76
Countries: 22 low [0.51 0.48 0.44 0.43 0.42 0.47 0.50 0.60 0.59 0.63 0.64 0.65 0.70 0.68 0.64 0.53 0.54 0.48 0.43 0.35
Observations: 724 S.E. 10.07 0.08 0.09 0.09 0.09 0.07 0.07 0.05 0.06 0.06 0.06 0.07 0.06 0.06 0.06 0.08 0.07 0.07 0.09 0.10
Household credit * 10y interest rate / GDP 3y diff. AUC|0.58 0.59 0.58 0.59 0.51 0.57 0.52 0.49 0.52 0.57 0.62 0.73 0.73 0.69 0.73 0.78 0.82 0.81 0.86 0.92
Crises: 10 high|0.72 0.70 0.69 0.69 0.64 0.74 0.74 0.70 0.75 0.78 0.78 0.84 0.87 0.82 0.84 0.89 0.92 0.93 0.96 0.97
Countries: 15 low [0.42 0.48 0.48 0.48 0.40 0.39 0.33 0.27 0.32 0.36 0.47 0.59 0.54 0.53 0.57 0.58 0.60 0.60 0.65 0.82
Observations: 598 S.E. [0.07 0.06 0.05 0.05 0.06 0.09 0.10 0.11 0.11 0.11 0.08 0.07 0.09 0.08 0.07 0.08 0.08 0.08 0.07 0.03
Household credit * 10y interest rate / GDP 1y diff. AUC|0.54 0.61 0.62 0.62 0.59 0.50 0.50 0.41 0.44 0.51 0.63 0.78 0.77 0.75 0.73 0.69 0.70 0.71 0.75 0.69
Crises: 13 high|0.67 0.74 0.72 0.74 0.72 0.63 0.65 0.58 0.61 0.65 0.75 0.90 0.92 0.92 0.90 0.84 0.85 0.82 0.87 0.86
Countries: 18 low | 0.41 0.48 0.51 0.51 0.43 0.39 0.36 0.26 0.23 0.34 0.48 0.66 0.57 0.54 0.54 0.55 0.55 0.58 0.65 0.51
Observations: 678 S.E. [0.07 0.06 0.05 0.06 0.08 0.06 0.07 0.08 0.10 0.08 0.07 0.06 0.09 0.09 0.09 0.07 0.07 0.06 0.05 0.09
Household credit * 3m interest rate / GDP AUC|0.51 0.50 0.50 0.50 0.51 0.52 0.52 0.52 0.53 0.56 0.59 0.63 0.66 0.71 0.75 0.77 0.78 0.78 0.78 0.77
Crises: 19 high|0.63 0.63 0.62 0.65 0.64 0.63 0.64 0.65 0.66 0.69 0.71 0.74 0.77 0.81 0.84 0.85 0.87 0.87 0.85 0.85
Countries: 25 low [0.39 0.37 0.39 0.38 0.39 0.38 0.41 0.40 0.41 0.44 0.47 0.53 0.55 0.60 0.65 0.66 0.67 0.67 0.67 0.66
Observations: 1026 S.E. 10.06 0.06 0.06 0.07 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.05 0.06 0.05 0.05 0.05 0.05 0.05 0.05
Household credit * 3m interest rate / GDP 3y growth |AUC|0.38 0.35 0.35 0.37 0.39 0.45 0.48 0.48 0.52 0.56 0.64 0.70 0.73 0.76 0.79 0.80 0.80 0.80 0.79 0.76
Crises: 13 high|0.54 0.50 0.51 0.53 0.54 0.57 0.59 0.61 0.63 0.68 0.75 0.80 0.82 0.85 0.87 0.88 0.88 0.88 0.83 0.85
Countries: 21 low [0.25 0.23 0.23 0.24 0.27 0.32 0.35 0.36 0.37 0.42 0.51 0.58 0.60 0.63 0.67 0.68 0.68 0.66 0.66 0.64
Observations: 793 S.E. 10.07 0.07 0.07 0.07 0.07 0.06 0.06 0.06 0.07 0.07 0.06 0.05 0.06 0.05 0.05 0.05 0.05 0.06 0.06 0.05
Household credit * 3m interest rate / GDP 1y growth |AUC|0.44 0.47 0.53 0.54 0.61 0.59 0.59 0.60 0.60 0.63 0.69 0.77 0.79 0.83 0.83 0.80 0.77 0.71 0.60 0.56
Crises: 18 high|0.58 0.61 0.65 0.67 0.72 0.68 0.69 0.70 0.71 0.74 0.78 0.84 0.88 0.91 0.91 0.88 0.86 0.81 0.72 0.68
Countries: 25 low [0.32 0.35 0.42 0.42 0.47 0.48 0.48 0.50 0.49 0.52 0.59 0.69 0.71 0.73 0.72 0.69 0.66 0.59 0.47 0.42
Observations: 943 S.E. [0.07 0.06 0.06 0.06 0.06 0.05 0.05 0.05 0.05 0.06 0.05 0.04 0.04 0.04 0.05 0.05 0.05 0.06 0.07 0.07
Household credit * 3m interest rate / GDP 3y diff. AUC(0.38 0.33 0.32 0.35 0.37 0.43 0.46 0.47 0.53 0.59 0.68 0.75 0.77 0.82 0.84 0.87 0.87 0.86 0.86 0.81
Crises: 13 high|0.52 0.46 0.49 0.52 0.51 0.56 0.59 0.62 0.67 0.73 0.80 0.86 0.88 0.90 0.93 0.95 0.95 0.96 0.95 0.91
Countries: 21 low |0.25 0.21 0.20 0.20 0.21 0.28 0.32 0.33 0.38 0.46 0.53 0.60 0.62 0.67 0.70 0.74 0.74 0.72 0.74 0.70
Observations: 793 S.E. [0.07 0.06 0.07 0.08 0.08 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.06 0.05 0.06 0.05 0.05 0.06 0.05 0.05
Household credit * 3m interest rate / GDP 1y diff. AUC|0.43 0.45 0.52 0.52 0.58 0.57 0.57 0.60 0.60 0.63 0.69 0.77 0.78 0.83 0.84 0.84 0.83 0.77 0.64 0.60
Crises: 18 high|0.55 0.58 0.62 0.62 0.69 0.66 0.68 0.68 0.70 0.74 0.79 0.85 0.88 0.91 0.94 0.93 0.91 0.88 0.78 0.75
Countries: 25 low [0.31 0.36 0.42 0.41 0.44 0.44 0.46 0.48 0.48 0.52 0.59 0.69 0.68 0.73 0.73 0.75 0.73 0.61 0.46 0.44
Observations: 943 S.E. 10.06 0.05 0.05 0.05 0.07 0.06 0.06 0.05 0.06 0.06 0.05 0.04 0.05 0.05 0.05 0.05 0.05 0.07 0.08 0.08
Household credit * 3m interest rate / GDP trendgap  |AUC| 0.43 0.44 0.46 0.47 0.49 0.52 0.54 0.55 0.58 0.62 0.66 0.73 0.76 0.82 0.84 0.85 0.83 0.83 0.81 0.70
Crises: 13 high|0.57 0.60 0.61 0.64 0.66 0.70 0.71 0.72 0.77 0.81 0.82 0.85 0.87 0.92 0.94 0.94 0.93 0.95 0.93 0.84
Countries: 20 low [0.28 0.28 0.27 0.29 0.31 0.33 0.35 0.36 0.40 0.43 0.46 0.55 0.58 0.65 0.67 0.67 0.64 0.63 0.61 0.51
Observations: 682 S.E. [0.08 0.08 0.09 0.09 0.09 0.09 0.09 0.09 0.10 0.10 0.09 0.08 0.07 0.07 0.07 0.07 0.07 0.08 0.08 0.08




Panel C: Measures of potential overvaluation of property prices

Horizon| -20 -19 -18 -17 -16 -15 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
Residential property price / income AUC(0.61 0.62 0.63 0.64 0.66 0.69 0.71 0.72 0.74 0.76 0.77 0.79 0.80 0.80 0.81 0.81 0.81 0.80 0.80 0.80
Crises: 19 high|0.74 0.74 0.75 0.76 0.78 0.80 0.81 0.83 0.85 0.86 0.87 0.88 0.89 0.89 0.91 0.90 0.90 0.89 0.89 0.89
Countries: 20 low [0.49 0.49 0.49 0.51 0.53 0.56 0.56 0.59 0.61 0.64 0.65 0.67 0.68 0.66 0.69 0.68 0.69 0.67 0.69 0.67
Observations: 1182 S.E. [0.06 0.06 0.07 0.07 0.06 0.06 0.06 0.06 0.06 0.06 0.05 0.05 0.05 0.06 0.06 0.05 0.05 0.06 0.05 0.05
Residential property price / income 3y growth AUC|0.68 0.68 0.68 0.70 0.70 0.72 0.72 0.74 0.75 0.78 0.79 0.79 0.80 0.78 0.77 0.75 0.74 0.69 0.66 0.61
Crises: 18 high|0.79 0.78 0.78 0.80 0.78 0.82 0.81 0.82 0.83 0.87 0.88 0.88 0.88 0.87 0.86 0.84 0.85 0.80 0.77 0.72
Countries: 18 low |0.54 0.54 0.53 0.58 0.58 0.60 0.61 0.62 0.64 0.66 0.67 0.68 0.69 0.69 0.67 0.64 0.64 0.56 0.55 0.49
Observations: 981 S.E. [0.06 0.06 0.06 0.06 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.06 0.06
Residential property price / income 1y growth AUC|0.57 0.52 0.53 0.59 0.63 0.72 0.74 0.75 0.77 0.76 0.76 0.75 0.74 0.67 0.62 0.59 0.48 0.41 0.36 0.32
Crises: 19 high|0.70 0.67 0.67 0.71 0.74 0.81 0.85 0.84 0.85 0.85 0.84 0.85 0.83 0.76 0.73 0.70 0.60 0.54 0.48 0.42
Countries: 20 low (0.43 0.35 0.35 0.44 0.49 0.61 0.62 0.65 0.66 0.67 0.68 0.65 0.63 0.54 0.48 0.44 0.35 0.27 0.24 0.22
Observations: 1114 S.E. |0.07 0.08 0.08 0.07 0.06 0.05 0.06 0.05 0.05 0.04 0.04 0.05 0.05 0.06 0.06 0.07 0.06 0.07 0.06 0.05
Residential property price / income 3y diff. AUC|0.69 0.69 0.69 0.71 0.70 0.73 0.75 0.76 0.76 0.79 0.80 0.81 0.81 0.80 0.80 0.77 0.77 0.72 0.69 0.63
Crises: 18 high|0.80 0.79 0.80 0.81 0.80 0.82 0.84 0.85 0.85 0.88 0.90 0.90 0.90 0.89 0.88 0.87 0.87 0.84 0.80 0.77
Countries: 18 low [0.55 0.54 0.56 0.57 0.57 0.61 0.64 0.65 0.66 0.65 0.69 0.70 0.70 0.69 0.68 0.65 0.65 0.57 0.55 0.47
Observations: 981 S.E. [0.07 0.07 0.06 0.06 0.06 0.05 0.05 0.05 0.05 0.06 0.06 0.05 0.05 0.05 0.05 0.06 0.06 0.07 0.06 0.08
Residential property price / income 1y diff. AUC|0.58 0.52 0.52 0.60 0.64 0.74 0.75 0.76 0.78 0.77 0.78 0.77 0.75 0.68 0.63 0.61 0.48 0.41 0.35 0.31
Crises: 19 high|0.72 0.67 0.68 0.72 0.75 0.83 0.85 0.86 0.86 0.86 0.86 0.86 0.85 0.79 0.75 0.75 0.62 0.56 0.51 0.42
Countries: 20 low [0.42 0.33 0.36 0.44 0.48 0.59 0.60 0.64 0.67 0.69 0.69 0.66 0.63 0.55 0.49 0.43 0.34 0.25 0.22 0.20
Observations: 1114 S.E. [0.08 0.08 0.08 0.07 0.07 0.06 0.06 0.06 0.05 0.04 0.04 0.05 0.05 0.06 0.07 0.08 0.07 0.08 0.07 0.06
Residential property price / income trend gap AUC|0.65 0.64 0.65 0.68 0.68 0.71 0.74 0.75 0.77 0.83 0.83 0.83 0.83 0.82 0.80 0.77 0.72 0.66 0.60 0.52
Crises: 18 high|0.77 0.77 0.79 0.81 0.81 0.82 0.84 0.85 0.87 0.90 0.91 0.91 0.92 0.92 0.89 0.88 0.84 0.79 0.74 0.67
Countries: 18 low |0.49 0.47 0.48 0.52 0.51 0.55 0.57 0.58 0.63 0.69 0.69 0.70 0.72 0.69 0.68 0.62 0.58 0.51 0.44 0.34
Observations: 876 S.E. [0.07 0.08 0.08 0.07 0.07 0.07 0.07 0.07 0.06 0.05 0.05 0.05 0.05 0.06 0.05 0.06 0.07 0.07 0.08 0.09
Panel D: Measures of external imbalances

Horizon| -20 -19 -18 -17 -16 -15 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
Current account / GDP AUC(0.41 0.45 0.48 0.43 0.39 0.39 0.43 0.39 0.35 0.39 0.39 0.38 0.33 0.34 0.30 0.35 0.30 0.31 0.32 0.36
Crises: 21 high | 0.53 0.58 0.60 0.58 0.50 0.50 0.54 0.54 0.51 0.52 0.51 0.54 0.47 0.47 0.43 0.50 0.43 0.44 0.45 0.51
Countries: 26 low | 0.28 0.34 0.36 0.30 0.28 0.27 0.34 0.28 0.23 0.27 0.29 0.24 0.20 0.22 0.20 0.19 0.21 0.19 0.20 0.21
Observations: 1545 S.E. [0.07 0.06 0.06 0.07 0.06 0.06 0.05 0.06 0.07 0.07 0.06 0.08 0.07 0.06 0.06 0.08 0.06 0.06 0.06 0.07
Current account / GDP 3y growth AUC|0.55 0.52 0.48 0.72 0.48 0.56 0.53 0.63 0.52 0.50 0.63 0.54 0.60 0.45 0.57 0.63 0.64 0.65 0.71 0.61
Crises: 18 high[0.63 0.61 0.62 0.82 0.61 0.69 0.65 0.78 0.63 0.65 0.74 0.71 0.69 0.58 0.74 0.75 0.77 0.78 0.82 0.72
Countries: 25 low [0.46 0.39 0.36 0.62 0.37 0.42 0.42 0.49 0.36 0.36 0.50 0.38 0.49 0.32 0.41 0.49 0.51 0.50 0.58 0.49
Observations: 1285 S.E. | 0.05 0.06 0.07 0.05 0.06 0.07 0.06 0.07 0.07 0.07 0.06 0.08 0.05 0.07 0.08 0.07 0.07 0.07 0.06 0.06
Current account / GDP 1y growth AUC|0.54 0.56 0.43 0.64 0.45 0.42 0.56 0.54 0.68 0.61 0.48 0.61 0.63 0.65 0.61 0.57 0.58 0.60 0.49 0.56
Crises: 21 high|0.65 0.69 0.56 0.78 0.53 0.54 0.69 0.66 0.77 0.72 0.61 0.70 0.70 0.75 0.74 0.65 0.67 0.71 0.61 0.66
Countries: 26 low [0.42 0.43 0.33 0.53 0.37 0.34 0.43 0.42 0.56 0.47 0.36 0.49 0.54 0.54 0.47 0.47 0.49 0.49 0.37 0.47
Observations: 1457 S.E. [0.06 0.07 0.06 0.06 0.04 0.05 0.07 0.06 0.05 0.06 0.06 0.06 0.04 0.05 0.07 0.05 0.05 0.06 0.06 0.05
Current account / GDP 3y diff. AUC|0.61 0.58 0.50 0.47 0.46 0.42 0.36 0.39 0.37 0.44 0.39 0.35 0.34 0.34 0.28 0.30 0.33 0.34 0.33 0.40
Crises: 18 high[0.70 0.67 0.62 0.58 0.58 0.50 0.43 0.49 0.48 0.59 0.51 0.47 0.43 0.44 0.39 0.40 0.46 0.46 0.43 0.54
Countries: 25 low [0.51 0.44 0.36 0.34 0.34 0.32 0.28 0.29 0.26 0.29 0.26 0.24 0.23 0.23 0.17 0.21 0.24 0.25 0.24 0.30
Observations: 1286 S.E. [0.05 0.06 0.07 0.06 0.06 0.04 0.03 0.05 0.06 0.07 0.06 0.06 0.05 0.06 0.05 0.05 0.05 0.05 0.05 0.06
Current account / GDP 1y diff. AUC(0.44 0.49 0.52 0.41 0.43 0.40 0.43 0.43 0.39 0.44 0.40 0.39 0.37 0.36 0.30 0.36 0.42 0.40 0.49 0.49
Crises: 21 high[0.54 0.62 0.62 0.51 0.53 0.50 0.53 0.54 0.49 0.57 0.50 0.50 0.45 0.47 0.41 0.43 0.54 0.54 0.62 0.64
Countries: 26 low [0.35 0.37 0.40 0.30 0.34 0.31 0.33 0.35 0.29 0.33 0.29 0.30 0.28 0.25 0.21 0.29 0.32 0.29 0.39 0.36
Observations: 1458 S.E. [0.05 0.06 0.06 0.06 0.05 0.05 0.05 0.05 0.05 0.06 0.05 0.05 0.04 0.05 0.05 0.03 0.06 0.07 0.06 0.07
Portfolio investments / GDP 1y diff. AUC|0.52 0.49 0.44 0.41 0.47 0.50 0.46 0.39 0.45 0.57 0.49 0.50 0.54 0.49 0.47 0.49 0.33 0.33 0.37 0.33
Crises: 5 high[0.71 0.64 0.64 0.59 0.64 0.75 0.65 0.55 0.69 0.81 0.80 0.71 0.77 0.73 0.79 0.75 0.54 0.60 0.60 0.62
Countries: 19 low [0.36 0.35 0.29 0.25 0.29 0.31 0.21 0.22 0.28 0.40 0.30 0.34 0.32 0.28 0.25 0.28 0.18 0.11 0.16 0.11
Observations: 402 S.E. |0.09 0.07 0.09 0.08 0.09 0.11 0.11 0.08 0.10 0.10 0.12 0.10 0.12 0.11 0.13 0.12 0.08 0.12 0.11 0.12
Other investments / GDP 1y diff. AUC|0.52 0.49 0.44 0.41 0.47 0.50 0.46 0.39 0.45 0.57 0.49 0.50 0.54 0.49 0.47 0.49 0.33 0.33 0.37 0.33
Crises: 5 high|0.69 0.66 0.68 0.60 0.65 0.74 0.66 0.53 0.66 0.79 0.81 0.71 0.76 0.73 0.74 0.72 0.52 0.64 0.67 0.62
Countries: 19 low [0.36 0.36 0.29 0.26 0.32 0.31 0.23 0.21 0.30 0.40 0.30 0.31 0.32 0.29 0.22 0.25 0.19 0.12 0.16 0.10
Observations: 402 S.E. [0.09 0.07 0.09 0.09 0.08 0.11 0.11 0.08 0.09 0.10 0.12 0.10 0.11 0.11 0.13 0.12 0.08 0.12 0.12 0.13
Foreign currency cross border loans / GDP 1y diff. AUC|0.39 0.47 0.52 0.47 0.52 0.53 0.46 0.51 0.48 0.54 0.58 0.56 0.49 0.52 0.58 0.66 0.72 0.74 0.65 0.77
Crises: 11 high|0.62 0.65 0.72 0.67 0.68 0.70 0.64 0.71 0.65 0.71 0.74 0.73 0.65 0.71 0.76 0.81 0.86 0.88 0.84 0.90
Countries: 14 low [0.19 0.28 0.32 0.32 0.35 0.35 0.30 0.35 0.32 0.34 0.40 0.39 0.33 0.29 0.42 0.47 0.54 0.57 0.39 0.59
Observations: 636 S.E. [0.11 0.10 0.11 0.09 0.09 0.09 0.09 0.09 0.08 0.09 0.09 0.09 0.08 0.10 0.09 0.08 0.08 0.08 0.11 0.08
Own currency cross border loans / GDP 1y diff. AUC(0.36 0.46 0.55 0.53 0.49 0.51 0.42 0.45 0.45 0.45 0.46 0.53 0.49 0.57 0.62 0.70 0.70 0.73 0.63 0.74
Crises: 11 high|0.49 0.65 0.73 0.71 0.62 0.67 0.58 0.68 0.62 0.58 0.61 0.67 0.62 0.72 0.79 0.84 0.84 0.86 0.81 0.87
Countries: 14 low |0.20 0.27 0.38 0.36 0.33 0.33 0.25 0.26 0.29 0.30 0.30 0.35 0.36 0.41 0.37 0.53 0.52 0.54 0.36 0.55
Observations: 636 S.E. [0.07 0.09 0.09 0.09 0.07 0.09 0.09 0.10 0.08 0.07 0.08 0.08 0.07 0.08 0.10 0.08 0.08 0.08 0.11 0.08
Foreign currency cross border loans / Assets 1y diff. |AUC|0.36 0.52 0.53 0.51 0.58 0.59 0.28 0.39 0.44 0.52 0.49 0.44 0.41 0.43 0.55 0.57 0.64 0.64 0.57 0.68
Crises: 6 high[0.57 0.71 0.75 0.73 0.75 0.75 0.42 0.63 0.64 0.72 0.71 0.62 0.60 0.68 0.80 0.79 0.84 0.81 0.83 0.84
Countries: 16 low [0.20 0.30 0.25 0.29 0.34 0.35 0.13 0.18 0.22 0.31 0.29 0.18 0.22 0.22 0.23 0.30 0.42 0.43 0.28 0.48
Observations: 387 S.E. |0.09 0.11 0.12 0.11 0.10 0.10 0.07 0.11 0.11 0.10 0.11 0.11 0.10 0.11 0.14 0.12 0.11 0.10 0.14 0.09
Own currency cross border loans / Assets 1y diff. AUC|0.34 0.53 0.54 0.52 0.58 0.57 0.24 0.36 0.38 0.44 0.40 0.38 0.40 0.42 0.56 0.57 0.63 0.65 0.54 0.66
Crises: 6 high|0.53 0.73 0.76 0.74 0.73 0.72 0.35 0.59 0.60 0.64 0.60 0.57 0.59 0.67 0.88 0.80 0.82 0.82 0.78 0.82
Countries: 16 low [0.16 0.25 0.28 0.28 0.38 0.33 0.14 0.16 0.17 0.23 0.21 0.18 0.18 0.20 0.26 0.30 0.41 0.43 0.25 0.43
Observations: 387 S.E. |0.10 0.12 0.12 0.12 0.09 0.10 0.05 0.11 0.11 0.11 0.10 0.10 0.10 0.11 0.15 0.13 0.10 0.10 0.14 0.10




Panel E: Measures of potential mispricing of risk

Horizon| -20 -19 -18 -17 -16 -15 -14 -13 -12 -1 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
Stock market index 3y growth AUC|0.21 0.23 0.27 0.31 0.30 0.39 0.41 0.42 0.58 0.60 0.68 0.71 0.71 0.72 0.70 0.68 0.70 0.62 0.48 0.48
Crises: 11 high|0.34 0.36 0.39 0.43 0.43 0.54 0.53 0.55 0.67 0.68 0.80 0.83 0.80 0.83 0.82 0.80 0.80 0.76 0.68 0.66
Countries: 14 low [0.10 0.12 0.14 0.18 0.19 0.27 0.29 031 0.50 0.51 0.54 0.58 0.60 0.59 0.61 0.61 0.62 0.53 0.36 0.35
Observations: 782 S.E. [0.06 0.06 0.06 0.07 0.06 0.07 0.06 0.06 0.04 0.04 0.07 0.07 0.05 0.06 0.06 0.05 0.05 0.06 0.08 0.08
Bank stock index 3y growth AUC|0.34 0.34 0.37 0.40 0.42 0.47 0.46 0.50 0.59 0.62 0.67 0.59 0.60 0.61 0.63 0.58 0.53 0.43 0.35 0.30
Crises: 14 high|0.40 0.39 0.42 0.47 0.49 0.57 0.56 0.60 0.68 0.72 0.82 0.71 0.72 0.73 0.71 0.69 0.67 0.55 0.49 0.44
Countries: 13 low |0.28 0.27 030 0.31 0.34 0.39 0.36 038 0.50 0.46 0.51 0.45 0.47 0.49 0.50 0.46 0.42 0.32 0.23 0.18
Observations: 763 S.E. [0.03 0.03 0.03 0.04 0.04 0.04 0.05 0.05 0.05 0.06 0.08 0.07 0.06 0.06 0.05 0.06 0.06 0.06 0.07 0.07
High-yield spread AUC|0.34 0.28 0.25 0.23 0.20 0.17 0.22 0.23 0.23 0.22 0.15 0.18 0.11 0.10 0.06 0.10 0.17 0.28 0.38 0.46
Crises: 14 high|0.48 0.38 0.35 0.35 0.34 0.31 0.36 0.42 0.40 034 0.29 033 0.24 021 0.15 0.20 0.26 0.40 0.54 0.61
Countries: 28 low [0.26 021 0.17 0.17 0.12 0.09 0.15 0.15 0.15 0.15 0.08 0.10 0.05 0.04 0.02 0.04 0.11 0.19 0.26 0.35
Observations: 821 S.E. 005 0.04 0.04 004 0.05 0.05 0.05 0.06 0.06 0.05 0.05 0.06 0.04 0.04 0.03 0.04 0.04 0.06 0.07 0.07
High-yield spread 3y growth AUC[031 0.23 0.17 0.11 0.06 0.06 0.11 0.13 0.12 0.22 0.22 0.34 0.32 0.32 0.35 0.41 0.49 0.60 0.71 0.72
Crises: 13 high|0.41 0.35 0.26 0.22 0.13 0.10 0.15 0.18 0.20 0.28 0.29 0.39 0.38 0.38 0.42 0.50 0.57 0.71 0.80 0.82
Countries: 28 low [0.22 0.14 0.12 0.07 0.02 0.04 0.07 0.09 0.07 0.17 0.16 0.29 0.25 0.28 0.29 0.34 0.42 0.49 0.59 0.63
Observations: 544 S.E. |0.05 0.05 0.04 0.03 0.02 0.01 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.04 0.06 0.05 0.05
High-yield spread 1y growth AUC|0.11 012 0.15 0.29 0.32 0.33 0.51 0.53 0.56 0.58 0.41 0.41 0.35 0.25 0.30 0.34 0.59 0.68 0.81 0.82
Crises: 14 high|0.18 0.20 0.26 0.40 0.45 0.46 0.59 0.61 0.62 0.67 0.46 0.51 0.41 0.37 0.44 0.52 0.73 0.84 0.93 0.92
Countries: 28 low [0.06 0.06 0.09 0.20 0.21 0.23 0.42 0.42 0.49 0.49 0.35 0.34 0.27 0.16 0.22 0.20 0.44 0.48 0.64 0.66
Observations: 732 S.E. [0.03 0.04 0.04 005 0.06 0.06 0.04 0.05 0.03 0.05 0.03 0.04 0.04 0.05 0.05 0.08 0.08 0.09 0.07 0.06
High-yield spread 3y diff. AUC|0.32 0.21 0.16 0.09 0.06 0.07 0.12 0.13 0.12 0.21 0.23 0.33 0.34 0.37 0.41 0.44 0.47 0.54 0.59 0.66
Crises: 13 high|0.45 0.35 0.26 0.15 0.12 0.10 0.16 0.18 0.18 0.28 0.31 0.38 0.40 0.42 0.46 0.51 0.52 0.64 0.70 0.7
Countries: 28 low |0.22 0.13 0.11 0.05 0.02 0.05 0.09 0.09 0.07 0.17 0.18 0.27 0.27 0.32 0.35 0.39 0.41 0.47 0.53 0.55
Observations: 544 S.E. |[0.06 0.05 0.04 0.02 0.02 0.01 0.02 0.02 0.03 0.02 0.03 0.03 0.03 0.02 0.03 0.03 0.03 0.04 0.04 0.06
CBOE Volatility Index AUC|0.54 0.47 0.40 0.36 0.34 0.32 0.30 0.28 0.26 0.23 0.21 0.23 0.22 0.23 0.24 0.26 0.32 0.35 0.43 0.46
Crises: 27 high|0.67 0.57 0.49 0.47 0.44 0.42 0.40 0.37 0.37 032 0.29 0.30 0.30 0.31 0.32 0.33 0.40 0.44 0.54 0.56
Countries: 28 low [0.43 038 0.30 0.27 0.25 0.23 0.22 0.19 0.18 0.16 0.15 0.16 0.16 0.17 0.17 0.19 0.25 0.27 0.34 0.37
Observations: 1763 S.E. |0.06 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.05
CBOE Volatility Index 3y growth AUC|0.47 0.40 0.33 0.26 0.22 0.20 0.20 0.20 0.21 0.21 0.21 0.23 0.25 0.29 0.35 0.40 0.48 0.57 0.65 0.69
Crises: 23 high|0.55 0.49 0.41 0.35 0.31 0.29 0.29 031 0.32 032 0.32 0.33 0.37 0.41 0.49 0.54 0.60 0.69 0.78 0.80
Countries: 28 low [0.39 031 0.24 0.19 0.14 0.13 0.11 0.11 0.11 0.11 0.11 0.14 0.15 0.18 0.24 0.28 0.35 0.43 0.51 0.54
Observations: 1495 S.E. [0.04 004 0.04 004 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.06 0.06 0.07 0.07 0.07 0.07 0.07
CBOE Volatility Index 3y diff. AUC|0.48 0.40 0.32 0.26 021 0.19 0.19 0.20 0.21 0.21 0.21 0.23 0.26 0.31 0.36 0.41 0.49 0.55 0.65 0.68
Crises: 23 high|0.57 0.50 0.41 0.36 0.30 0.29 0.30 0.31 0.32 032 0.32 036 0.38 0.44 0.47 0.53 0.62 0.67 0.76 0.79
Countries: 28 low [0.40 0.32 0.24 0.18 0.14 0.12 0.11 0.12 0.11 0.11 0.12 0.14 0.15 0.21 0.25 0.30 0.37 0.41 0.49 0.54
Observations: 1495 S.E. [0.04 005 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.06 0.06 0.06 0.06 0.07 0.06 0.06
CBOE Volatility Index trend gap AUC[0.39 033 0.28 0.24 022 0.21 0.20 0.20 0.21 0.22 0.23 0.25 0.27 0.30 0.32 0.35 0.38 0.44 0.52 0.56
Crises: 21 high|0.47 0.44 0.38 035 0.33 0.32 0.30 0.32 0.33 0.33 0.35 0.39 0.40 0.44 0.45 0.48 0.51 0.59 0.65 0.68
Countries: 28 low [0.29 0.24 0.19 0.15 0.13 0.11 0.10 0.09 0.10 0.11 0.12 0.14 0.16 0.17 0.19 0.21 0.24 0.31 0.38 0.43
Observations: 1357 S.E. [0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.06 0.06 0.06 0.06 0.06 0.07 0.07 0.07 0.07 0.07 0.07 0.06
German 1y bill 3y growth AUC|0.33 031 0.32 0.32 0.33 0.38 0.34 0.35 0.42 0.49 0.53 0.59 0.61 0.63 0.66 0.66 0.67 0.67 0.68 0.69
Crises: 29 high|0.46 0.43 0.44 0.44 0.44 0.48 0.45 0.46 0.53 0.60 0.65 0.71 0.72 0.74 0.77 0.78 0.79 0.80 0.79 0.81
Countries: 28 low [0.23 021 0.23 0.22 0.23 0.27 0.25 0.27 0.33 039 0.41 0.47 0.46 051 0.53 0.50 0.52 0.52 0.55 0.55
Observations: 1945 S.E |0.06 0.06 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.06 0.06 0.06 0.06 0.07 0.07 0.07 0.06 0.07
German 1y bill 1y growth AUC|0.37 0.39 0.41 0.50 0.51 0.53 0.56 0.51 0.57 0.60 0.62 0.67 0.69 0.69 0.69 0.67 0.67 0.63 0.63 0.65
Crises: 29 high|0.49 051 0.53 0.62 0.63 0.61 0.65 0.58 0.65 0.68 0.71 0.76 0.80 0.81 0.81 0.79 0.77 0.72 0.71 0.73
Countries: 28 low [0.27 030 0.30 0.38 0.40 0.44 0.46 0.44 0.48 0.52 0.53 0.54 0.56 0.54 0.53 0.53 0.55 0.51 0.54 0.55
Observations: 2153 S.E. [0.05 0.05 0.06 0.06 0.06 0.04 0.04 0.04 0.04 0.04 0.05 0.06 0.06 0.07 0.07 0.07 0.06 0.05 0.05 0.05
German 1y bill 1y diff. AUC|0.41 0.42 0.44 0.48 0.50 0.52 0.55 0.52 0.57 0.58 0.59 0.64 0.67 0.67 0.68 0.66 0.66 0.63 0.62 0.64
Crises: 29 high|0.53 0.53 0.55 0.60 0.62 0.61 0.63 0.59 0.64 0.67 0.67 0.74 0.78 0.79 0.79 0.78 0.76 0.73 0.71 0.73
Countries: 28 low [0.30 0.32 0.31 0.37 0.39 0.41 0.47 0.45 0.49 050 0.48 0.51 0.54 0.53 0.52 0.52 0.53 0.52 0.53 0.56
Observations: 2153 S.E. [0.05 0.05 0.06 0.06 0.06 0.05 0.04 0.04 0.04 0.04 0.05 0.06 0.06 0.06 0.07 0.07 0.06 0.05 0.05 0.04
German 1m bill 1y growth AUC|0.35 0.33 0.35 0.38 0.42 0.44 0.46 0.46 0.49 0.52 0.56 0.59 0.64 0.66 0.65 0.64 0.62 0.59 0.57 0.55
Crises: 30 high|0.45 0.43 0.45 0.49 0.52 0.53 0.54 0.53 0.57 0.61 0.65 0.67 0.73 0.75 0.75 0.75 0.73 0.69 0.65 0.63
Countries: 28 low |0.27 0.24 0.26 0.30 0.33 0.35 0.36 039 0.41 0.45 0.48 0.49 0.53 0.54 0.51 0.51 0.49 0.47 0.47 0.46
Observations: 2582 S.E |0.04 005 0.05 0.05 0.05 0.05 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.06 0.06 0.06 0.06 0.05 0.04




US 1y T-bill 3y growth AUC[0.30 0.28 0.34 0.39 0.47 0.57 0.61 0.68 0.71 0.74 0.75 0.75 0.75 0.75 0.74 0.71 0.70 0.63 0.54 0.55
Crises: 29 high|0.41 0.38 0.42 0.49 0.58 0.68 0.72 0.78 0.80 0.82 0.85 0.86 0.85 0.86 0.84 0.80 0.79 0.72 0.62 0.63
Countries: 28 low |0.20 0.20 0.23 0.30 0.35 0.45 0.48 0.56 0.59 0.61 0.63 0.64 0.60 0.62 0.60 0.57 0.60 0.55 0.46 0.47
Observations: 1945 S.E. 10.05 0.05 0.05 0.05 0.06 0.06 0.06 0.06 0.05 0.05 0.06 0.06 0.06 0.06 0.06 0.05 0.05 0.04 0.04 0.04
US 1y T-bill 1y growth AUC|0.41 0.50 0.60 0.68 0.69 0.74 0.72 0.75 0.76 0.73 0.70 0.66 0.63 0.61 0.57 0.55 0.51 0.46 0.40 0.44
Crises: 29 high|0.51 0.59 0.70 0.79 0.79 0.83 0.81 0.85 0.86 0.83 0.79 0.75 0.70 0.69 0.65 0.61 0.58 0.53 0.53 0.55
Countries: 28 low |0.32 0.41 0.49 0.55 0.57 0.62 0.58 0.65 0.63 0.58 0.59 0.54 0.54 0.53 0.47 0.48 0.45 0.38 0.28 0.33
Observations: 2153 S.E. |0.05 0.05 0.05 0.06 0.06 0.05 0.05 0.05 0.06 0.06 0.05 0.05 0.04 0.04 0.05 0.03 0.04 0.04 0.06 0.06
US 1y T-bill 3y diff. AUC[0.30 0.31 0.39 0.44 0.49 0.56 0.59 0.64 0.68 0.72 0.75 0.75 0.74 0.75 0.74 0.71 0.69 0.64 0.58 0.57
Crises: 29 high|0.42 0.42 0.49 0.53 0.59 0.65 0.70 0.74 0.77 0.81 0.85 0.84 0.85 0.85 0.85 0.80 0.78 0.71 0.65 0.63
Countries: 28 low [0.20 0.22 0.29 0.34 0.38 0.45 0.48 0.52 0.58 0.61 0.64 0.60 0.60 0.61 0.59 0.59 0.58 0.56 0.50 0.49
Observations: 1945 S.E. |0.06 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.06 0.06 0.06 0.05 0.05 0.04 0.04 0.04
US 1y T-bill 1y diff. AUC|0.47 0.54 0.59 0.64 0.63 0.68 0.67 0.70 0.74 0.71 0.69 0.65 0.61 0.61 0.57 0.56 0.52 0.46 0.41 0.46
Crises: 29 high|0.57 0.61 0.68 0.72 0.72 0.76 0.76 0.78 0.84 0.80 0.78 0.73 0.68 0.68 0.64 0.62 059 0.54 0.52 0.56
Countries: 28 low |0.38 0.46 0.49 0.55 0.52 0.57 0.55 0.58 0.60 0.60 0.60 0.53 0.53 0.53 0.49 0.49 0.46 0.40 0.31 0.37
Observations: 2153 s.E. |0.05 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.05 0.05 0.05 0.04 0.04 0.04 0.04 0.03 0.03 0.06 0.05
US 1y T-bill trend gap AUC|0.34 0.32 0.37 0.41 0.43 0.47 0.52 0.57 0.63 0.67 0.70 0.68 0.69 0.68 0.65 0.64 0.59 0.53 0.47 0.49
Crises: 27 high|0.46 0.41 0.46 0.48 0.50 0.55 0.61 0.67 0.72 0.77 0.80 0.79 0.78 0.79 0.75 0.73 0.67 0.60 0.56 0.58
Countries: 28 low |0.24 0.23 0.29 0.32 0.35 0.40 0.42 0.47 0.50 0.56 0.57 0.55 0.55 0.55 0.54 0.52 050 0.46 0.38 0.40
Observations: 1768 S.E. 10.06 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.06 0.06 0.06 0.06 0.06 0.06 0.05 0.04 0.04 0.05 0.05
US 1m T-bill 3y growth AUC|0.30 0.30 0.31 0.34 0.41 0.55 0.58 0.64 0.67 0.71 0.73 0.74 0.73 0.73 0.73 0.72 0.69 0.65 0.55 0.51
Crises: 30 high|0.40 0.39 0.41 0.43 0.51 0.65 0.70 0.74 0.78 0.81 0.82 0.83 0.83 0.83 0.83 0.80 0.78 0.72 0.63 0.59
Countries: 28 low |0.22 0.22 0.23 0.25 0.30 0.45 0.46 0.52 0.55 0.60 0.61 0.62 0.61 0.59 0.59 0.59 0.57 0.56 0.47 0.42
Observations: 2366 S.E. |0.05 0.04 0.05 0.05 0.05 0.05 0.06 0.06 0.06 0.05 0.05 0.06 0.05 0.06 0.06 0.05 0.05 0.04 0.04 0.04
US 1m T-bill 1y growth AUC|0.36 0.43 0.49 0.59 0.63 0.67 0.69 0.73 0.75 0.73 0.71 0.66 0.63 0.60 0.58 0.54 0.53 0.45 0.36 0.38
Crises: 30 high|0.44 051 0.58 0.68 0.73 0.77 0.79 0.82 0.84 0.82 0.80 0.75 0.72 0.68 0.66 0.61 0.59 0.51 0.48 0.50
Countries: 28 low [ 0.28 0.35 0.39 0.49 0.51 0.57 0.56 0.60 0.60 0.60 0.60 0.56 0.55 0.52 0.49 0.48 0.46 0.39 0.26 0.26
Observations: 2582 S.E. |0.04 0.04 0.05 0.05 0.06 0.05 0.06 0.05 0.06 0.06 0.05 0.05 0.04 0.04 0.04 0.03 0.03 0.03 0.06 0.06
US 1m T-bill 3y diff. AuUC[0.35 0.35 0.39 0.41 0.46 0.54 0.56 0.59 0.62 0.67 0.69 0.71 0.69 0.70 0.70 0.70 0.68 0.64 0.56 0.54
Crises: 30 high|0.44 0.44 0.48 0.50 0.55 0.61 0.64 0.68 0.72 0.76 0.78 0.78 0.78 0.80 0.81 0.78 0.76 0.71 0.64 0.61
Countries: 28 low |0.26 0.26 0.30 0.32 0.35 0.44 0.47 0.50 0.52 057 0.59 0.59 0.57 0.58 0.58 0.59 0.58 0.56 0.50 0.46
Observations: 2366 S.E. |0.05 0.04 0.04 0.05 0.05 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.06 0.05 0.05 0.04 0.04 0.04
US 1m T-bill 1y diff. AUC|0.44 0.51 0.53 0.56 0.56 0.59 0.62 0.68 0.69 0.70 0.69 0.64 0.61 0.59 0.57 0.55 0.53 0.46 0.38 0.39
Crises: 30 high|0.52 0.57 0.61 0.63 0.65 0.67 0.70 0.77 0.79 0.78 0.76 0.72 0.68 0.66 0.65 0.62 0.59 0.51 0.47 0.50
Countries: 28 low |0.37 0.44 0.45 0.49 0.48 0.51 0.51 0.57 0.58 059 0.60 0.56 0.54 0.51 0.50 0.49 0.47 0.41 0.29 0.31
Observations: 2582 S.E. 10.04 0.03 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.04 0.04 0.04 0.04 0.04 0.03 0.03 0.03 0.05 0.05
US 1m T-bill trend gap AUC|0.42 0.43 0.46 0.49 0.50 0.54 0.57 0.64 0.68 0.71 0.74 0.76 0.74 0.77 0.77 0.76 0.72 0.68 0.60 0.61
Crises: 29 high|0.52 0.51 0.54 0.57 0.58 0.61 0.65 0.72 0.76 0.79 0.81 0.85 0.83 0.86 0.86 0.83 0.79 0.74 0.67 0.69
Countries: 28 low |0.32 035 0.37 0.40 0.42 0.47 0.49 0.55 0.57 0.60 0.63 0.66 0.64 0.67 0.67 0.66 0.63 0.61 0.53 0.53
Observations: 2179 S.E. |0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.04 0.04 0.03 0.04 0.04
Panel F: Measures of the strength of bank balance sheets

Horizon| -20 -19 -18 -17 -16 -15 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
Leverage ratio AUC|0.47 0.46 0.48 0.46 0.47 0.43 0.41 0.39 0.39 0.38 0.39 0.39 0.38 0.36 0.39 0.39 0.37 0.37 0.37 0.38
Crises: 11 high|0.68 0.66 0.68 0.65 0.66 0.65 0.61 0.59 0.57 0.58 0.59 0.59 0.60 0.57 0.59 0.58 0.57 0.57 0.57 0.58
Countries: 25 low |0.28 0.27 030 0.26 0.28 0.25 0.22 0.22 0.21 022 020 0.22 0.22 0.20 0.22 0.21 0.19 0.19 0.20 0.20
Observations: 512 S.E. |0.10 0.10 0.09 0.10 0.10 0.10 0.10 0.09 0.10 0.09 0.10 0.10 0.09 0.09 0.09 0.10 0.10 0.10 0.09 0.10
Leverage ratio 3y growth AUC|0.34 031 0.36 0.36 0.37 0.25 0.27 0.22 0.24 0.26 0.34 0.35 0.34 0.33 0.38 0.36 0.34 0.44 0.47 0.50
Crises: 8 high[0.55 0.52 0.56 0.55 0.55 0.39 0.44 0.37 0.43 0.40 0.57 0.59 0.55 0.49 0.60 0.56 0.56 0.68 0.67 0.71
Countries: 20 low |0.13 0.14 020 0.20 0.20 0.12 0.12 0.10 0.13 0.15 0.18 0.16 0.16 0.19 0.20 0.17 0.14 0.23 0.25 0.31
Observations: 289 S.E. |0.10 0.10 0.09 0.09 0.09 0.07 0.08 0.07 0.07 0.07 0.10 0.11 0.10 0.08 0.10 0.10 0.10 0.11 0.11 0.10
Leverage ratio 1y growth AUC|0.44 0.43 0.48 0.46 0.47 030 0.23 0.26 0.23 0.36 0.45 0.47 0.43 0.39 0.43 0.43 0.45 0.50 0.45 0.45
Crises: 9 high|0.60 0.61 0.70 0.68 0.64 0.43 0.35 0.47 0.38 0.57 0.68 0.69 0.66 0.61 0.57 0.59 0.68 0.68 0.66 0.66
Countries: 23 low |0.27 0.25 0.28 0.25 0.31 0.19 0.13 0.11 0.09 0.19 0.23 0.28 0.26 0.21 0.28 0.25 0.27 0.28 0.24 0.25
Observations: 434 S.E. |0.08 0.09 0.10 0.11 0.08 0.06 0.06 0.09 0.07 0.10 0.11 0.10 0.10 0.10 0.07 0.09 0.10 0.10 0.11 0.11
Leverage ratio 3y diff. AUC|0.37 0.33 0.38 0.38 0.40 0.27 0.29 0.24 0.26 0.28 0.35 0.36 0.36 0.34 0.40 0.38 0.36 0.44 0.47 0.50
Crises: 8 high|0.62 0.53 0.55 0.55 0.58 0.44 0.49 0.39 0.44 0.44 0.57 0.56 0.59 0.53 0.60 0.60 0.56 0.64 0.67 0.70
Countries: 20 low | 0.18 0.14 0.18 0.19 0.22 0.13 0.14 0.10 0.12 0.15 0.15 0.16 0.18 0.18 0.18 0.19 0.17 0.22 0.25 0.30
Observations: 289 S.E. 011 0.10 0.09 0.09 0.09 0.08 0.09 0.07 0.08 0.08 0.11 0.10 0.10 0.09 0.11 0.10 0.10 0.11 0.11 0.10
Leverage ratio 1y diff. AUC|(0.46 0.44 0.49 0.46 0.48 0.32 0.26 0.28 0.25 0.38 0.47 0.50 0.45 0.42 0.45 0.43 0.45 0.49 0.44 0.45
Crises: 9 high|0.62 0.60 0.68 0.69 0.65 0.47 0.40 0.44 0.41 057 0.69 0.71 0.66 0.61 0.59 0.59 0.63 0.67 0.62 0.64
Countries: 23 low |0.29 0.28 0.26 0.26 0.33 0.19 0.15 0.13 0.12 0.19 0.26 0.30 0.24 0.26 0.31 0.27 0.26 029 0.25 0.24
Observations: 434 S.E. |0.09 0.09 0.11 0.11 0.08 0.07 0.06 0.08 0.07 0.09 0.11 0.10 0.10 0.09 0.07 0.08 0.10 0.10 0.10 0.10




Panel F: Measures of the strength of bank balance sheets

Horizon| -20 -19 -18 -17 -16 -15 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
Leverage ratio AUC|(0.47 0.46 0.48 0.46 0.47 0.43 0.41 0.39 0.39 0.38 0.39 0.39 0.38 0.36 0.39 0.39 0.37 0.37 0.37 0.38
Crises: 11 high|0.68 0.66 0.68 0.65 0.66 0.65 0.61 0.59 0.57 0.58 0.59 0.59 0.60 0.57 0.59 0.58 0.57 0.57 0.57 0.58
Countries: 25 low |0.28 0.27 0.30 0.26 0.28 0.25 0.22 0.22 0.21 0.22 0.20 0.22 0.22 0.20 0.22 0.21 0.19 0.19 0.20 0.20
Observations: 512 S.E. |0.10 0.10 0.09 0.10 0.10 0.10 0.10 0.09 0.10 0.09 0.10 0.10 0.09 0.09 0.09 0.10 0.10 0.10 0.09 0.10
Leverage ratio 3y growth AUC(0.34 0.31 0.36 0.36 0.37 0.25 0.27 0.22 0.24 0.26 0.34 0.35 0.34 0.33 0.38 0.36 0.34 0.44 0.47 0.50
Crises: 8 high|0.55 0.52 0.56 0.55 0.55 0.39 0.44 0.37 0.43 0.40 0.57 0.59 0.55 0.49 0.60 0.56 0.56 0.68 0.67 0.71
Countries: 20 low |0.13 0.14 0.20 0.20 0.20 0.12 0.12 0.10 0.13 0.15 0.18 0.16 0.16 0.19 0.20 0.17 0.14 0.23 0.25 0.31
Observations: 289 S.E. |0.10 0.10 0.09 0.09 0.09 0.07 0.08 0.07 0.07 0.07 0.10 0.11 0.10 0.08 0.10 0.10 0.10 0.11 0.11 0.10
Leverage ratio 1y growth AUC(0.44 0.43 0.48 0.46 0.47 0.30 0.23 0.26 0.23 0.36 0.45 0.47 0.43 0.39 0.43 0.43 0.45 0.50 0.45 0.45
Crises: 9 high|0.60 0.61 0.70 0.68 0.64 0.43 0.35 0.47 0.38 0.57 0.68 0.69 0.66 0.61 0.57 0.59 0.68 0.68 0.66 0.66
Countries: 23 low [0.27 0.25 0.28 0.25 0.31 0.19 0.13 0.11 0.09 0.19 0.23 0.28 0.26 0.21 0.28 0.25 0.27 0.28 0.24 0.25
Observations: 434 S.E. |0.08 0.09 0.10 0.11 0.08 0.06 0.06 0.09 0.07 0.10 0.11 0.10 0.10 0.10 0.07 0.09 0.10 0.10 0.11 0.11
Leverage ratio 3y diff. AUC|0.37 0.33 0.38 0.38 0.40 0.27 0.29 0.24 0.26 0.28 0.35 0.36 0.36 0.34 0.40 0.38 0.36 0.44 0.47 0.50
Crises: 8 high|0.62 0.53 0.55 0.55 0.58 0.44 0.49 0.39 0.44 0.44 0.57 0.56 0.59 0.53 0.60 0.60 0.56 0.64 0.67 0.70
Countries: 20 low | 0.18 0.14 0.18 0.19 0.22 0.13 0.14 0.10 0.12 0.15 0.15 0.16 0.18 0.18 0.18 0.19 0.17 0.22 0.25 0.30
Observations: 289 S.E. |0.11 0.10 0.09 0.09 0.09 0.08 0.09 0.07 0.08 0.08 0.11 0.10 0.10 0.09 0.11 0.10 0.10 0.11 0.11 0.10
Leverage ratio 1y diff. AUC|(0.46 0.44 0.49 0.46 0.48 0.32 0.26 0.28 0.25 0.38 0.47 0.50 0.45 0.42 0.45 0.43 0.45 0.49 0.44 0.45
Crises: 9 high|0.62 0.60 0.68 0.69 0.65 0.47 0.40 0.44 0.41 0.57 0.69 0.71 0.66 0.61 0.59 0.59 0.63 0.67 0.62 0.64
Countries: 23 low |0.29 0.28 0.26 0.26 0.33 0.19 0.15 0.13 0.12 0.19 0.26 0.30 0.24 0.26 0.31 0.27 0.26 0.29 0.25 0.24
Observations: 434 S.E. |0.09 0.09 0.11 0.11 0.08 0.07 0.06 0.08 0.07 0.09 0.11 0.10 0.10 0.09 0.07 0.08 0.10 0.10 0.10 0.10
Loans / deposits AUC(0.61 0.65 0.67 0.68 0.69 0.69 0.70 0.71 0.71 0.72 0.74 0.75 0.75 0.76 0.77 0.77 0.78 0.79 0.80 0.79
Crises: 10 high(0.80 0.83 0.83 0.86 0.87 0.88 0.88 0.87 0.87 0.89 0.89 0.90 0.89 0.91 0.93 0.92 0.94 0.93 0.94 0.94
Countries: 24 low |0.36 0.41 0.44 0.45 0.46 0.47 0.49 0.47 0.48 0.48 0.54 0.54 0.53 0.55 0.55 0.54 0.58 0.57 0.59 0.60
Observations: 345 S.E. |0.11 0.11 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
Loans / deposits 1y growth AUC|(0.40 0.43 0.42 0.53 0.55 0.59 0.61 0.52 0.56 0.51 0.51 0.49 0.43 0.45 0.45 0.43 0.47 0.46 0.44 0.43
Crises: 7 high|0.70 0.65 0.62 0.74 0.79 0.81 0.80 0.73 0.76 0.72 0.70 0.72 0.67 0.67 0.63 0.62 0.65 0.66 0.66 0.65
Countries: 21 low |0.21 0.26 0.22 0.35 0.33 0.36 0.39 0.32 0.37 0.32 0.30 0.26 0.23 0.26 0.30 0.26 0.33 0.27 0.26 0.23
Observations: 270 S.E. |0.12 0.10 0.10 0.10 0.12 0.12 0.10 0.11 0.10 0.10 0.11 0.11 0.11 0.11 0.08 0.09 0.08 0.10 0.10 0.11
Loans / deposits 1y diff. AUC(0.43 0.46 0.42 0.59 0.58 0.63 0.67 0.56 0.63 0.58 0.58 0.57 0.46 0.48 0.51 0.47 0.53 0.51 0.50 0.50
Crises: 7 high|0.81 0.69 0.66 0.79 0.83 0.88 0.88 0.80 0.88 0.78 0.82 0.87 0.75 0.75 0.72 0.73 0.71 0.75 0.76 0.79
Countries: 21 low |0.24 0.26 0.23 0.34 0.27 0.36 0.42 0.34 0.38 0.35 0.32 0.29 0.22 0.23 0.35 0.24 0.36 0.27 0.27 0.24
Observations: 270 S.E. |0.14 0.11 0.11 0.11 0.14 0.13 0.12 0.12 0.12 0.11 0.13 0.15 0.14 0.13 0.09 0.12 0.09 0.12 0.12 0.14
Total assets / GDP AUC|0.52 0.52 0.53 0.53 0.54 0.54 0.55 0.55 0.56 0.56 0.57 0.57 0.58 0.58 0.59 0.59 0.60 0.60 0.61 0.61
Crises: 10 high|0.71 0.71 0.71 0.72 0.75 0.73 0.74 0.73 0.74 0.75 0.74 0.76 0.77 0.78 0.79 0.80 0.80 0.81 0.78 0.81
Countries: 20 low |0.33 0.31 0.34 0.33 0.34 0.32 0.33 0.33 0.33 0.34 0.35 0.35 0.36 0.38 0.39 0.39 0.38 0.39 0.38 0.41
Observations: 563 S.E. |0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.11 0.11 0.11 0.11 0.10 0.11 0.10 0.11 0.11
Total assets / GDP 3y growth AUC|0.60 0.59 0.52 0.54 0.55 0.55 0.59 0.57 0.60 0.61 0.58 0.59 0.64 0.71 0.74 0.75 0.78 0.79 0.80 0.83
Crises: 9 high|0.75 0.77 0.69 0.72 0.76 0.74 0.77 0.77 0.76 0.80 0.78 0.80 0.81 0.86 0.88 0.89 0.90 0.93 0.92 0.93
Countries: 18 low |0.42 0.39 0.32 0.36 0.33 0.34 0.36 0.35 0.39 0.39 0.38 0.37 0.44 0.50 0.55 0.56 0.59 0.61 0.61 0.68
Observations: 368 S.E. |0.09 0.10 0.09 0.09 0.11 0.10 0.10 0.11 0.10 0.10 0.10 0.11 0.09 0.09 0.08 0.08 0.08 0.08 0.08 0.06
Total assets / GDP 1y growth AUC(0.60 0.00 0.47 0.46 0.49 0.63 0.68 0.63 0.66 0.68 0.63 0.62 0.67 0.69 0.75 0.76 0.80 0.76 0.76 0.76
Crises: 10 high|(0.76 0.60 0.65 0.64 0.70 0.82 0.82 0.81 0.80 0.81 0.77 0.77 0.81 0.82 0.85 0.87 0.89 0.86 0.85 0.88
Countries: 20 low |0.42 0.31 0.28 0.28 0.32 0.42 0.48 0.45 0.49 0.51 0.47 0.45 0.54 0.55 0.63 0.62 0.71 0.61 0.67 0.64
Observations: 497 S.E. |0.08 0.07 0.10 0.09 0.10 0.10 0.08 0.09 0.08 0.08 0.08 0.08 0.07 0.07 0.06 0.06 0.05 0.06 0.05 0.06
Total assets / GDP 3y diff. AUC|0.56 0.53 0.52 0.53 0.52 0.51 0.56 0.55 0.58 0.57 0.58 0.57 0.61 0.62 0.65 0.66 0.69 0.70 0.69 0.72
Crises: 9 high|0.74 0.73 0.73 0.74 0.71 0.71 0.76 0.74 0.77 0.77 0.79 0.77 0.79 0.81 0.84 0.84 0.86 0.88 0.88 0.89
Countries: 18 low |0.35 0.33 0.32 0.32 0.31 0.31 0.34 0.34 0.38 0.39 0.36 0.34 0.39 0.39 0.44 0.45 0.47 0.51 0.48 0.52
Observations: 368 S.E. 10.10 0.11 0.11 0.11 0.10 0.10 0.11 0.10 0.10 0.10 0.11 0.11 0.10 0.11 0.10 0.10 0.10 0.10 0.10 0.10
Total assets / GDP 1y diff. AUC(0.53 0.46 0.43 0.49 0.50 0.54 0.59 0.58 0.60 0.60 0.59 0.63 0.65 0.64 0.68 0.69 0.72 0.72 0.71 0.71
Crises: 10 high|0.71 0.63 0.62 0.66 0.67 0.70 0.76 0.72 0.76 0.77 0.76 0.79 0.79 0.79 0.84 0.85 0.85 0.86 0.85 0.86
Countries: 20 low |0.38 0.30 0.23 0.29 0.30 0.33 0.39 0.39 0.44 0.42 0.39 0.48 0.50 0.48 0.53 0.55 0.55 0.58 0.56 0.54
Observations: 497 S.E. |0.08 0.08 0.10 0.10 0.09 0.09 0.10 0.08 0.08 0.09 0.10 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.07 0.08
Foreign currency cross border loans / GDP 1y diff. AUC|0.39 0.47 0.52 0.47 0.52 0.53 0.46 0.51 0.48 0.54 0.58 0.56 0.49 0.52 0.58 0.66 0.72 0.74 0.65 0.77
Crises: 11 high|0.62 0.65 0.72 0.67 0.68 0.70 0.64 0.71 0.65 0.71 0.74 0.73 0.65 0.71 0.76 0.81 0.86 0.88 0.84 0.90
Countries: 14 low [0.19 0.28 0.32 0.32 0.35 0.35 0.30 0.35 0.32 0.34 0.40 0.39 0.33 0.29 0.42 0.47 0.54 0.57 0.39 0.59
Observations: 636 S.E. |0.11 0.10 0.11 0.09 0.09 0.09 0.09 0.09 0.08 0.09 0.09 0.09 0.08 0.10 0.09 0.08 0.08 0.08 0.11 0.08
Own currency cross border loans / GDP 1y diff. AUC(0.36 0.46 0.55 0.53 0.49 0.51 0.42 0.45 0.45 0.45 0.46 0.53 0.49 0.57 0.62 0.70 0.70 0.73 0.63 0.74
Crises: 11 high|0.49 0.65 0.73 0.71 0.62 0.67 0.58 0.68 0.62 0.58 0.61 0.67 0.62 0.72 0.79 0.84 0.84 0.86 0.81 0.87
Countries: 14 low |0.20 0.27 0.38 0.36 0.33 0.33 0.25 0.26 0.29 0.30 0.30 0.35 0.36 0.41 0.37 0.53 0.52 0.54 0.36 0.55
Observations: 636 S.E. |0.07 0.09 0.09 0.09 0.07 0.09 0.09 0.10 0.08 0.07 0.08 0.08 0.07 0.08 0.10 0.08 0.08 0.08 0.11 0.08
Foreign currency cross border loans / Assets 1y diff. |AUC|0.36 0.52 0.53 0.51 0.58 0.59 0.28 0.39 0.44 0.52 0.49 0.44 0.41 0.43 0.55 0.57 0.64 0.64 0.57 0.68
Crises: 6 high|0.57 0.71 0.75 0.73 0.75 0.75 0.42 0.63 0.64 0.72 0.71 0.62 0.60 0.68 0.80 0.79 0.84 0.81 0.83 0.84
Countries: 16 low |0.20 0.30 0.25 0.29 0.34 0.35 0.13 0.18 0.22 0.31 0.29 0.18 0.22 0.22 0.23 0.30 0.42 0.43 0.28 0.48
Observations: 387 S.E. |0.09 0.11 0.12 0.11 0.10 0.10 0.07 0.11 0.11 0.10 0.11 0.11 0.10 0.11 0.14 0.12 0.11 0.10 0.14 0.09
Own currency cross border loans / Assets 1y diff. AUC|0.34 0.53 0.54 0.52 0.58 0.57 0.24 0.36 0.38 0.44 0.40 0.38 0.40 0.42 0.56 0.57 0.63 0.65 0.54 0.66
Crises: 6 high[0.53 0.73 0.76 0.74 0.73 0.72 0.35 0.59 0.60 0.64 0.60 0.57 0.59 0.67 0.88 0.80 0.82 0.82 0.78 0.82
Countries: 16 low |0.16 0.25 0.28 0.28 0.38 0.33 0.14 0.16 0.17 0.23 0.21 0.18 0.18 0.20 0.26 0.30 0.41 0.43 0.25 0.43
Observations: 387 S.E. |0.10 0.12 0.12 0.12 0.09 0.10 0.05 0.11 0.11 0.11 0.10 0.10 0.10 0.11 0.15 0.13 0.10 0.10 0.14 0.10
Non-core liabilities / Total assets 1y diff. AUC|0.30 0.28 0.34 0.39 0.47 0.57 0.61 0.68 0.71 0.74 0.75 0.75 0.75 0.75 0.74 0.71 0.70 0.63 0.54 0.55
Crises: 6 high|0.41 0.38 0.42 0.49 0.58 0.68 0.72 0.78 0.80 0.82 0.85 0.86 0.85 0.86 0.84 0.80 0.79 0.72 0.62 0.63
Countries: 20 low |0.20 0.20 0.23 0.30 0.35 0.45 0.48 0.56 0.59 0.61 0.63 0.64 0.60 0.62 0.60 0.57 0.60 0.55 0.46 0.47
Observations: 257 S.E. |0.05 0.05 0.05 0.05 0.06 0.06 0.06 0.06 0.05 0.05 0.06 0.06 0.06 0.06 0.06 0.05 0.05 0.04 0.04 0.04




(ST liabilities - Liquid assets) / Total assets AUC[0.41 0.50 0.60 0.68 0.69 0.74 0.72 0.75 0.76 0.73 0.70 0.66 0.63 0.61 0.57 0.55 0.51 0.46 0.40 0.44
Crises: 6 high|[0.51 0.59 0.70 0.79 0.79 0.83 0.81 0.85 0.86 0.83 0.79 0.75 0.70 0.69 0.65 0.61 0.58 0.53 0.53 0.55
Countries: 13 low [0.32 0.41 0.49 0.55 0.57 0.62 0.58 0.65 0.63 0.58 0.59 0.54 0.54 0.53 0.47 0.48 0.45 0.38 0.28 0.33
Observations: 192 S.E. |0.05 0.05 0.05 0.06 0.06 0.05 0.05 0.05 0.06 0.06 0.05 0.05 0.04 0.04 0.05 0.03 0.04 0.04 0.06 0.06
(ST liabilities - Liquid assets) / Total assets 1y diff.  |AUC[0.47 0.54 0.59 0.64 0.63 0.68 0.67 0.70 0.74 0.71 0.69 0.65 0.61 0.61 0.57 0.56 0.52 0.6 0.41 0.46
Crises: 4 high|0.57 0.61 0.68 0.72 0.72 0.76 0.76 0.78 0.84 0.80 0.78 0.73 0.68 0.68 0.64 0.62 0.59 0.54 0.52 0.56
Countries: 10 low [0.38 0.46 0.49 0.55 0.52 0.57 0.55 0.58 0.60 0.60 0.60 0.53 0.53 0.53 0.49 0.49 0.46 0.40 0.31 0.37
Observations: 154 S.E. |0.05 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.05 0.05 0.05 0.04 0.04 0.04 0.04 0.03 0.03 0.06 0.05
Short-term liabilities / Liquid assets Auc|0.34 032 037 041 043 0.47 0.52 0.57 0.63 0.67 0.70 0.68 0.69 0.68 0.65 0.64 0.59 0.53 0.47 0.49
Crises: 6 high|0.46 0.41 0.46 0.48 050 0.55 0.61 0.67 0.72 0.77 0.80 0.79 0.78 0.79 0.75 0.73 0.67 0.60 0.56 0.58
Countries: 13 low [0.24 0.23 0.29 032 0.35 0.40 0.42 0.47 0.50 0.56 0.57 0.55 0.55 0.55 0.54 0.52 0.50 0.46 0.38 0.40
Observations: 192 S.E |0.06 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.06 0.06 0.06 0.06 0.06 0.06 0.05 0.04 0.04 0.05 0.05
Short-term liabilities / Liquid assets 1y diff. Auc|0.36 0.43 0.49 0.59 0.63 0.67 0.69 0.73 0.75 0.73 0.71 0.66 0.63 0.60 0.58 0.54 0.53 0.45 0.36 0.38
Crises: 4 high|0.44 0.51 0.58 0.68 0.73 0.77 0.79 0.82 0.84 0.82 0.80 0.75 0.72 0.68 0.66 0.61 0.59 0.51 0.48 0.50
Countries: 10 low [0.28 0.35 039 0.49 0.51 0.57 0.56 0.60 0.60 0.60 0.60 0.56 0.55 0.52 0.49 0.48 0.46 0.39 0.26 0.26
Observations: 154 S.E. |0.04 0.04 0.05 0.05 0.06 0.05 0.06 0.05 0.06 0.06 0.05 0.05 0.04 0.04 0.04 0.03 0.03 0.03 0.06 0.06




Annex D: Graphs of indicators around banking crises

The graphs in this Annex depict the development of selected early warning indicators around the events in the
Detken et al. crisis dataset. The horizontal time axis is set to 0 at the quarter that the banking crisis starts. The
median value of the indicator value for each quarter is shown (solid) together with the 25" and 75 percentiles
(dashed). The dashed horizontal lines show the 25", 50", and 75" percentile of the indicator variable during tranquil
periods. Only those crisis events for which the indicator data spans the whole 32 quarter period are included in the
graphs. The number of crises, the number of countries with included crises, and the total number of countries (some
may be included only in the calculation of tranquil period median and percentiles) in each case is shown in the top
right corner of the graph.

Measures of credit developments

Figure D1. Total credit (real) 1y growth.
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Figure D2. Credit-to-GDP gap.
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Figure D3. HH credit to GDP gap.
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Figure D4. NFC credit to GDP gap.

| 17 crises in 12 of 18 countries

Measures of private sector debt burden

Figure D5. NFC credit to GDP gap.




Figure D6. Debt-service-ratio, 1y diff. (BIS).
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Figure D8. HH credit * 3m interest rate / GDP, 3y diff..
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Figure D9. HH credit * 10y interest rate / GDP, 3y diff.
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Measures of potential overvaluation of property prices

Figure D10. House price to income trend gap.
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Measures of external imbalances
Figure D11. Current account to GDP, 1y diff.
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Measures of potential mispricing of risk

Figure D12. Stock market index, 3y growth.
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Figure D13. High yield spread.
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Figure D14. CBOE volatility index (VIX).
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Figure D16. US 1y T-bill, 1y growth.
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Figure D17. US 1m T-bill, trend gap.
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Measures of the strength of bank balance sheets

Figure D18. Capital to liabilities, 3y growth.
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Figure D20. Total MFI assets to GDP ratio, 1y growth.
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Annex E: Classification statistics and crisis probabilities.

Table E1. Classification statistics and crisis probability prediction of logit model for indicator values
at percentiles calculated from pre-crisis periods 1 to 3 year prior to banking crisis with Detken et al.

banking crisis dataset.

Panel A: Measures of credit developments

Indicator Transformation |Percentile 1 10 25 50 75 90 99
Household credit (real) 3y growth Threshold >6.02 >14.95 >23.13 >29.98 >62.34 >89.94 >99.12
Crises: 12 FP rate 0.82(0.03) |0.59 (0.07) | 0.40 (0.08) | 0.29 (0.08) | 0.11 (0.05) | 0.05 (0.03) | 0.04 (0.03)
Countries: 15 FN rate 0.01(0.01)|0.10(0.07)|0.25(0.11) {0.50 (0.11) | 0.75 (0.12) | 0.90 (0.08) [ 0.98 (0.02)
Observations: 884 p(crisis) 0.08 (0.02) [0.09 (0.02) | 0.11 (0.02) | 0.12 (0.03) | 0.18 (0.05) | 0.26 (0.09) | 0.28 (0.10)
Household credit (real) relative gap Threshold >2.00 >4.56 >9.26 >13.39 >19.34 >25.73 >42.17
Crises: 12 FP rate 0.66 (0.08) [0.53 (0.09) | 0.41 (0.10) {0.35 (0.09) | 0.19 (0.06) | 0.10 (0.04) |0.01 (0.00)
Countries: 15 FN rate 0.01(0.01) |0.10(0.06) | 0.24 (0.12) | 0.50 (0.13)|0.76 (0.11) | 0.89 (0.08) | 0.98 (0.02)
Observations: 810 p(crisis) 0.09 (0.03)0.10(0.03)|0.12 (0.03) [0.14 (0.03) | 0.17 (0.04) | 0.21 (0.06) [ 0.36 (0.13)
Total credit / GDP trend gap Threshold >7.3e-03 >0.02 >0.06 >0.11 >0.18 >0.41 >0.61
Crises: 20 FP rate 0.62(0.03) |0.44 (0.03) | 0.23 (0.04) | 0.12 (0.03) | 0.06 (0.02) | 0.00 (0.00) | 0.00 (0.00)
Countries: 18 FN rate 0.01(0.01) [0.10 (0.05) | 0.25 (0.08) [ 0.50 (0.09) | 0.75 (0.08) | 0.90 (0.06) [0.99 (0.01)
Observations: 1803 p(crisis) 0.05 (0.01) [0.06 (0.01) | 0.08 (0.02) | 0.14 (0.03) | 0.23 (0.06) | 0.75 (0.12) | 0.96 (0.04)
Total bank credit / GDP 3y diff. Threshold >0.03 >0.08 >0.11 >0.14 >0.22 >0.48 >0.70
Crises: 21 FP rate 0.78 (0.03) |0.36 (0.03) | 0.17 (0.03) | 0.11 (0.03) | 0.04 (0.01) | 0.00 (0.00) | 0.00 (0.00)
Countries: 18 FN rate 0.01(0.01) |0.10(0.05) | 0.25 (0.06) | 0.50 (0.08) | 0.75 (0.08) | 0.90 (0.07) | 0.99 (0.01)
Observations: 1884 p(crisis) 0.04 (0.01) [0.07 (0.01) | 0.09 (0.02) | 0.12 (0.02) [0.25 (0.07) | 0.84 (0.14) | 0.98 (0.03)
Total bank credit / GDP trend gap Threshold >-0.02 >0.01 >0.04 >0.07 >0.14 >0.34 >0.49
Crises: 20 FP rate 0.79(0.04)|0.45 (0.04) | 0.20 (0.03) [0.12 (0.03) | 0.04 (0.02) | 0.00 (0.00) [ 0.00 (0.00)
Countries: 18 FN rate 0.01(0.01) |0.10(0.05) | 0.25 (0.07) | 0.50 (0.08) | 0.75 (0.08) | 0.90 (0.07) | 0.99 (0.01)
Observations: 1771 p(crisis) 0.05 (0.01) [0.07 (0.01) | 0.09 (0.02) | 0.12 (0.03) | 0.26 (0.07) | 0.83 (0.12) | 0.97 (0.04)
Total bank credit / GDP 1y diff. / 5y m.a. |Threshold >4.1e-03 >0.02 >0.05 >0.08 >0.12 >0.22 >0.35
Crises: 22 FP rate 0.93(0.02) |0.73 (0.04) | 0.24 (0.02) | 0.09 (0.02) | 0.02 (0.01) | 0.01 (0.00) | 0.00 (0.00)
Countries: 18 FN rate 0.01(0.01) |0.10(0.05) | 0.25 (0.07) | 0.50 (0.08) | 0.75 (0.08) | 0.90 (0.06) | 0.99 (0.01)
Observations: 2040 p(crisis) 0.04 (0.01)|0.05 (0.01) | 0.08 (0.02) [0.14 (0.03) | 0.27 (0.09) | 0.72 (0.20) [ 0.97 (0.05)
Total household credit / GDP 3y diff. Threshold >0.02 >0.05 >0.10 >0.13 >0.19 >0.28 >0.38
Crises: 18 FP rate 0.76 (0.04) |0.40(0.04) |0.18 (0.04) [ 0.09 (0.03) | 0.02 (0.01) | 0.00 (0.00) [ 0.00 (0.00)
Countries: 18 FN rate 0.01(0.01) |0.10(0.07) |0.25 (0.11) | 0.50 (0.13) | 0.75 (0.10) | 0.90 (0.07) | 0.99 (0.01)
Observations: 1255 p(crisis) 0.03 (0.01) | 0.06 (0.02) | 0.14 (0.03) | 0.24 (0.05) | 0.51 (0.08) | 0.87 (0.06) | 0.98 (0.01)
Total household credit / GDP 1y diff. Threshold >9.9e-04 >0.01 >0.03 >0.04 >0.07 >0.10 >0.14
Crises: 20 FP rate 0.92(0.02) |0.62 (0.04) | 0.29 (0.04) | 0.12 (0.03) | 0.03 (0.01) | 0.01 (0.01) | 0.00 (0.00)
Countries: 18 FN rate 0.01(0.01)|0.10(0.05) | 0.25 (0.08) [0.50 (0.10) | 0.75 (0.09) | 0.90 (0.06) [ 0.99 (0.01)
Observations: 1385 p(crisis) 0.04 (0.01) |0.06 (0.01) | 0.11 (0.02) | 0.18 (0.03) | 0.36 (0.06) | 0.63 (0.09) | 0.92 (0.05)
Total household credit / GDP trend gap Threshold >-3.4e-03 >0.01 >0.03 >0.06 >0.08 >0.10 >0.20
Crises: 18 FP rate 0.79 (0.05) {0.42 (0.04) | 0.21 (0.03) | 0.11 (0.03) [ 0.05 (0.02) | 0.04 (0.02) | 0.00 (0.00)
Countries: 18 FN rate 0.01(0.01) |0.10(0.05) | 0.25 (0.09) | 0.50 (0.12) | 0.75 (0.10) | 0.90 (0.06) | 0.99 (0.01)
Observations: 1150 p(crisis) 0.06 (0.02)|0.09 (0.02) | 0.14 (0.03) [0.22 (0.05) | 0.33 (0.09) | 0.47 (0.13) [0.92 (0.08)
Total household credit / GDP 1y diff. / 5y m.a. [Threshold >1.6e-03 >0.02 >0.04 >0.06 >0.09 >0.13 >0.21
Crises: 20 FP rate 0.94(0.02) | 0.68 (0.05) | 0.22 (0.05) | 0.08 (0.03) | 0.02 (0.01) | 0.01 (0.00) | 0.00 (0.00)
Countries: 18 FN rate 0.01(0.01) [0.10 (0.06) | 0.25 (0.08) | 0.50 (0.11) [0.75 (0.10) | 0.90 (0.06) | 0.99 (0.01)
Observations: 1389 p(crisis) 0.03 (0.01) [0.05 (0.01) | 0.12 (0.02) | 0.22 (0.04) | 0.44 (0.09) | 0.75 (0.11) | 0.98 (0.02)
Total corporate credit / GDP trend gap Threshold >-0.06 >-0.02 | >9.7e-03 >0.03 >0.06 >0.13 >0.34
Crises: 18 FP rate 0.93 (0.03) [0.80 (0.05) | 0.45 (0.06) [ 0.26 (0.07) | 0.12 (0.04) | 0.05 (0.02) [0.00 (0.00)
Countries: 18 FN rate 0.01(0.01) |0.10(0.06) | 0.25 (0.07) | 0.50 (0.08) | 0.75 (0.08) | 0.90 (0.07) | 0.99 (0.01)
Observations: 1131 p(crisis) 0.07(0.02)|0.10(0.02)|0.12 (0.03) [0.14 (0.03) | 0.17 (0.04) | 0.27 (0.09) [ 0.67 (0.23)

Standard errors adjusted for clustering are shown in the parentheses.



Panel B: Measures of private sector debt burden

Indicator Transformation |Percentile 1 10 25 50 75 90 99
Household credit / Gross disposable income 3y diff. Threshold >-0.01 >0.15 >0.61 >2.00 >3.24 >805.19 | >1077.57
Crises: 15 FP rate 0.81(0.04) |0.58 (0.08) | 0.40 (0.09) | 0.10 (0.07) | 0.07 (0.07) | 0.01 (0.01) | 0.00 (0.00)
Countries: 11 FN rate 0.01(0.01)|0.10(0.07)|0.24 (0.10) [0.50 (0.14) | 0.75 (0.13) | 0.90 (0.10) [ 0.99 (0.01)
Observations: 975 p(crisis) 0.12(0.03) [0.12 (0.03) | 0.12 (0.03) | 0.12 (0.03) | 0.12 (0.03) | 0.52 (0.00) | 0.69 (0.02)
Household credit / Gross disposable income 1y diff. Threshold >7.4e-03 >0.10 >0.24 >0.61 >1.28 >162.41 | >470.42
Crises: 15 FP rate 0.78 (0.03) |0.51 (0.10) | 0.38 (0.09) | 0.14 (0.07) | 0.07 (0.07) | 0.02 (0.02) | 0.00 (0.00)
Countries: 11 FN rate 0.01(0.01) |0.10(0.07) |0.25 (0.11) | 0.50 (0.14) | 0.75 (0.13) | 0.90 (0.10) | 0.99 (0.01)
Observations: 1055 p(crisis) 0.12 (0.02) [0.12 (0.02) | 0.12 (0.02) | 0.12 (0.02) [0.12 (0.02) | 0.27 (0.02) | 0.73 (0.03)
Household credit / Gross disposable income trend gap Threshold >-0.13 >0.05 >0.32 >1.03 >2.21 >488.91 | >684.90
Crises: 15 FP rate 0.78(0.07)|0.51 (0.07) | 0.29 (0.08) [ 0.09 (0.05) | 0.05 (0.05) | 0.01 (0.01) {0.00 (0.00)
Countries: 11 FN rate 0.02(0.01) |0.10(0.06) | 0.25 (0.11) | 0.50 (0.13) | 0.75 (0.13) | 0.90 (0.10) | 0.98 (0.01)
Observations: 905 p(crisis) 0.13(0.03)|0.13(0.03)|0.13 (0.03) [0.13 (0.03) | 0.13 (0.03) | 0.56 (0.01) [ 0.76 (0.02)
Debt-service-ratio (BIS) 1y growth Threshold >-7.25 >-0.31 >1.59 >5.35 >9.90 >13.88 >25.94
Crises: 16 FP rate 0.90(0.02) |0.55 (0.03) | 0.43 (0.03) | 0.26 (0.02) | 0.09 (0.02) | 0.04 (0.01) | 0.00 (0.00)
Countries: 12 FN rate 0.01(0.01) |0.10(0.04) | 0.25 (0.06) [ 0.50 (0.07) | 0.75 (0.07) | 0.90 (0.05) [ 0.99 (0.01)
Observations: 1289 p(crisis) 0.04 (0.01) |0.08 (0.02) | 0.09 (0.02) | 0.13 (0.03) | 0.20 (0.05) | 0.27 (0.07) | 0.57 (0.15)
Debt-service-ratio (BIS) 1y diff. Threshold >-1.70 >-0.08 >0.27 >1.03 >1.93 >3.06 >4.40
Crises: 16 FP rate 0.93(0.02) | 0.56 (0.03) | 0.43 (0.03) | 0.22 (0.03) | 0.06 (0.02) | 0.01 (0.01) | 0.00 (0.00)
Countries: 12 FN rate 0.01(0.01) |0.10(0.05) | 0.25 (0.06) | 0.50 (0.09) | 0.75 (0.07) | 0.90 (0.05) | 0.99 (0.01)
Observations: 1289 p(crisis) 0.03 (0.02) [0.08 (0.02) | 0.09 (0.02) [0.14 (0.03) | 0.21 (0.06) | 0.34 (0.12) | 0.53 (0.20)
Debt-service-ratio (ESRB) 3y growth Threshold >-11.72 >3.07 >8.82 >16.29 >35.98 >80.86 >116.28
Crises: 23 FP rate 0.89(0.03)|0.53 (0.05) | 0.38 (0.05) [0.23 (0.04) | 0.07 (0.03) | 0.03 (0.02) {0.01 (0.01)
Countries: 25 FN rate 0.01(0.01) |0.10(0.04) | 0.25 (0.06) | 0.50 (0.10) | 0.75 (0.08) | 0.90 (0.06) | 0.99 (0.01)
Observations: 1989 p(crisis) 0.06 (0.01) |0.08 (0.02) | 0.09 (0.02) [0.10 (0.02) | 0.14 (0.03) | 0.29 (0.10) [ 0.46 (0.17)
Debt-service-ratio (ESRB) 1y growth Threshold >-4.97 >1.41 >3.33 >7.56 >13.59 >24.27 >39.02
Crises: 25 FP rate 0.88(0.02) |0.52 (0.03) | 0.39 (0.04) | 0.18 (0.03) | 0.08 (0.02) | 0.03 (0.01) | 0.01 (0.00)
Countries: 26 FN rate 0.01(0.01)|0.10(0.02) | 0.25 (0.05) [0.50 (0.07) | 0.75 (0.07) | 0.90 (0.05) [ 0.99 (0.01)
Observations: 2185 p(crisis) 0.06 (0.02) [0.09 (0.02) | 0.09 (0.02) | 0.11 (0.02) | 0.14 (0.03) | 0.22 (0.08) | 0.37 (0.18)
Debt-service-ratio (ESRB) 3y diff. Threshold >-0.11 | >5.0e-03 >0.01 >0.02 >0.05 >0.08 >0.22
Crises: 23 FP rate 0.99(0.00) |0.51 (0.04) | 0.35 (0.04) | 0.16 (0.03) | 0.04 (0.02) | 0.01 (0.01) | 0.00 (0.00)
Countries: 25 FN rate 0.01(0.01) |0.10(0.04) | 0.25 (0.06) | 0.50 (0.09) | 0.75 (0.07) | 0.90 (0.06) | 0.99 (0.01)
Observations: 1989 p(crisis) 0.01 (0.01) [0.08 (0.02) | 0.09 (0.02) [0.12 (0.02) | 0.18 (0.06) | 0.35 (0.16) |0.93 (0.13)
Debt-service-ratio (ESRB) 1y diff. Threshold >-5.6e-03 | >2.0e-03 | >5.4e-03 >0.01 >0.02 >0.04 >0.08
Crises: 25 FP rate 0.85(0.03)|0.51(0.03)|0.33 (0.03) [0.12 (0.02) | 0.04 (0.01) | 0.02 (0.01) [ 0.00 (0.00)
Countries: 26 FN rate 0.01(0.01) |0.10(0.02) | 0.25 (0.05) | 0.50 (0.08) | 0.75 (0.07) | 0.90 (0.05) | 0.99 (0.01)
Observations: 2185 p(crisis) 0.05 (0.01) |0.08 (0.01) |0.09 (0.02) [0.12 (0.02) | 0.20 (0.06) | 0.34 (0.12) [ 0.83 (0.16)
Debt-service-ratio (ESRB) trend gap Threshold >-0.05 | >9.5e-04 | >5.1e-03 >0.02 >0.04 >0.06 >0.16
Crises: 21 FP rate 0.98 (0.02) | 0.58 (0.06) | 0.46 (0.06) | 0.19 (0.04) | 0.04 (0.02) | 0.01 (0.01) | 0.00 (0.00)
Countries: 22 FN rate 0.01(0.01)|0.10(0.05) | 0.25 (0.07) [0.50 (0.11) | 0.75 (0.08) | 0.90 (0.05) [ 0.99 (0.01)
Observations: 1837 p(crisis) 0.01(0.01) |0.07 (0.02) | 0.08 (0.02) | 0.12 (0.02) | 0.22 (0.05) | 0.39 (0.12) | 0.96 (0.05)
Corporate debt-service-ratio (ESRB) 1y growth Threshold >-5.66 >-0.60 >4.39 >8.20 >16.31 >24.44 >39.18
Crises: 17 FP rate 0.83(0.02) |0.62 (0.04) | 0.36 (0.03) | 0.25 (0.03) | 0.06 (0.02) | 0.03 (0.01) | 0.00 (0.00)
Countries: 25 FN rate 0.01(0.01) |0.10(0.05) | 0.25 (0.08) | 0.50 (0.11) | 0.75 (0.09) | 0.89 (0.06) | 0.99 (0.01)
Observations: 990 p(crisis) 0.07 (0.02) [0.09 (0.03) | 0.13 (0.03) | 0.16 (0.04) [0.26 (0.06) | 0.39 (0.11) | 0.65 (0.17)
Household debt-service-ratio (ESRB) 3y diff. Threshold >-2.7e-03 | >4.2e-03 >0.01 >0.03 >0.05 >0.06 >0.10
Crises: 15 FP rate 0.78(0.04) | 0.64 (0.06) | 0.44 (0.06) [ 0.10 (0.04) | 0.05 (0.02) | 0.01 (0.01) [ 0.00 (0.00)
Countries: 23 FN rate 0.01(0.01) |0.10(0.07) |0.25 (0.12) | 0.50 (0.12) | 0.75 (0.12) | 0.90 (0.06) | 0.99 (0.01)
Observations: 795 p(crisis) 0.05 (0.02) |0.07 (0.03) [ 0.11 (0.03) | 0.25 (0.05) | 0.42 (0.09) | 0.60 (0.13) | 0.88 (0.09)
Household debt-service-ratio (ESRB) 1y diff. Threshold | >-5.6e-03 | >1.5e-03 | >5.2e-03 >0.01 >0.02 >0.03 >0.04
Crises: 18 FP rate 0.90(0.02) | 0.64 (0.04) | 0.45 (0.05) | 0.20 (0.04) | 0.06 (0.02) | 0.02 (0.01) | 0.00 (0.00)
Countries: 25 FN rate 0.01(0.01)|0.11 (0.04) | 0.25 (0.08) [ 0.50 (0.10) | 0.75 (0.09) | 0.90 (0.06) [ 0.99 (0.01)
Observations: 976 p(crisis) 0.06 (0.02) [0.10(0.02) | 0.12 (0.03) | 0.18 (0.03) | 0.30 (0.06) | 0.45 (0.11) | 0.69 (0.14)
Household credit * 10y interest rate / GDP 3y diff. Threshold >-1.23 >-0.55 >0.09 >0.34 >0.76 >1.00 >1.52
Crises: 15 FP rate 0.91(0.03) |0.74 (0.04) | 0.38 (0.03) | 0.24 (0.03) | 0.07 (0.02) | 0.03 (0.01) | 0.00 (0.00)
Countries: 17 FN rate 0.01(0.01) |0.10(0.05) | 0.24 (0.07) | 0.50 (0.09) | 0.75 (0.08) | 0.89 (0.06) | 0.98 (0.02)
Observations: 801 p(crisis) 0.04 (0.02) [0.08 (0.03) | 0.15 (0.03) [ 0.20 (0.04) | 0.29 (0.06) | 0.35 (0.09) |0.50 (0.13)
Household credit * 10y interest rate / GDP 1y diff. Threshold >-0.91 >-0.48 >-0.17 >0.22 >0.58 >0.89 >1.17
Crises: 16 FP rate 0.98(0.01) |0.86 (0.03) | 0.63 (0.04) [0.25 (0.02) | 0.07 (0.01) | 0.04 (0.01) [0.02 (0.01)
Countries: 18 FN rate 0.01(0.01) |0.10(0.03) | 0.25 (0.05) | 0.50 (0.05) | 0.75 (0.06) | 0.90 (0.04) | 0.99 (0.01)
Observations: 907 p(crisis) 0.06 (0.03) [0.09 (0.03) |0.12 (0.03) | 0.17 (0.03) | 0.23 (0.05) | 0.29 (0.06) | 0.35 (0.09)




Household credit * 3m interest rate / GDP Threshold >0.18 >0.89 >1.72 >2.41 >3.59 >5.07 >8.36
Crises: 20 FP rate 0.99 (0.01) |0.81 (0.05) | 0.51 (0.06) [ 0.34 (0.06) | 0.15 (0.04) | 0.02 (0.01) [ 0.00 (0.00)
Countries: 25 FN rate 0.01(0.01) |0.10(0.06) | 0.25 (0.08) | 0.50 (0.09) | 0.75 (0.10) | 0.90 (0.05) | 0.99 (0.01)
Observations: 1350 p(crisis) 0.07(0.03)0.09 (0.03)|0.11 (0.02) [0.14 (0.02) | 0.18 (0.03) | 0.26 (0.06) [ 0.50 (0.18)
Household credit * 3m interest rate / GDP 3y growth Threshold >-74.52 >-21.01 >2.40 >40.13 >117.45 | >212.06 | >548.55
Crises: 19 FP rate 0.99 (0.00) | 0.60 (0.03) | 0.42 (0.03) | 0.24 (0.04) | 0.10 (0.03) | 0.03 (0.02) | 0.00 (0.00)
Countries: 25 FN rate 0.01(0.01) [0.10(0.03) | 0.25 (0.07) [ 0.50 (0.07) | 0.75 (0.08) | 0.90 (0.07) |0.99 (0.01)
Observations: 1087 p(crisis) 0.08 (0.02) [0.11 (0.02) | 0.13 (0.02) | 0.16 (0.03) | 0.23 (0.05) | 0.35 (0.10) | 0.81 (0.17)
Household credit * 3m interest rate / GDP 1y growth Threshold >-81.02 >-11.65 >4.17 >29.12 >54.08 >76.04 >172.08
Crises: 20 FP rate 0.99 (0.00) | 0.65 (0.02) | 0.45 (0.02) | 0.19 (0.02) | 0.08 (0.02) | 0.04 (0.01) | 0.00 (0.00)
Countries: 25 FN rate 0.01(0.01)|0.10(0.03)|0.25 (0.05) [0.50 (0.06) | 0.75 (0.06) | 0.90 (0.05) {0.99 (0.01)
Observations: 1262 p(crisis) 0.02 (0.01) [0.09 (0.02) | 0.12 (0.02) | 0.18 (0.03) | 0.26 (0.05) | 0.35 (0.08) | 0.77 (0.14)
Household credit * 3m interest rate / GDP 3y diff. Threshold >-3.14 >-0.62 >0.04 >0.74 >1.42 >2.34 >4.82
Crises: 19 FP rate 0.98(0.01) [0.67 (0.04) | 0.42 (0.03) | 0.18 (0.03) [ 0.06 (0.02) | 0.01 (0.01) | 0.00 (0.00)
Countries: 25 FN rate 0.01(0.01) |0.10(0.04) | 0.25 (0.07) | 0.50 (0.07) | 0.75 (0.06) | 0.90 (0.03) | 0.99 (0.01)
Observations: 1087 p(crisis) 0.01(0.01)|0.08 (0.02) |0.13 (0.03) [0.21 (0.04) | 0.32 (0.07) | 0.50 (0.13) [0.88 (0.11)
Household credit * 3m interest rate / GDP 1y diff. Threshold >-3.98 >-0.26 >0.06 >0.45 >1.05 >1.43 >3.80
Crises: 20 FP rate 1.00(0.00) [0.68 (0.02) | 0.44 (0.02) | 0.18 (0.02) {0.03 (0.01) | 0.01 (0.00) | 0.00 (0.00)
Countries: 25 FN rate 0.01(0.01) |0.10(0.04) | 0.25 (0.05) | 0.50 (0.06) | 0.75 (0.06) | 0.90 (0.04) | 0.99 (0.01)
Observations: 1262 p(crisis) 0.00 (0.00) [0.09 (0.02) | 0.12 (0.02) | 0.18 (0.03) | 0.32 (0.07) | 0.43 (0.11) | 0.93 (0.08)
Household credit * 3m interest rate / GDP trend gap Threshold >-2.96 >-0.28 >0.23 >0.64 >1.17 >1.90 >3.21
Crises: 18 FP rate 1.00(0.00) [0.74 (0.04) [0.41 (0.04) [ 0.22 (0.04) [ 0.08 (0.02) [ 0.01 (0.01) | 0.00 (0.00)
Countries: 25 FN rate 0.01(0.01)|0.10(0.06) | 0.25 (0.07) [ 0.50 (0.08) | 0.75 (0.08) | 0.90 (0.05) [ 0.99 (0.01)
Observations: 928 p(crisis) 0.01(0.01) [0.09 (0.03) | 0.14 (0.03) | 0.20 (0.04) | 0.29 (0.07) | 0.45 (0.13) | 0.74 (0.18)
Standard errors adjusted for clustering are shown in the parentheses.

Panel C: Measures of potential overvaluation of property prices

Indicator Transformation |Percentile 1 10 25 50 75 90 99
Residential property price /income Threshold >51.19 >72.52 >86.46 >101.93 | >125.75 | >141.18 | >188.68
Crises: 22 FP rate 0.92 (0.04) [0.57 (0.08) [ 0.40 (0.09) | 0.16 (0.07) | 0.06 (0.05) | 0.03 (0.03) | 0.00 (0.00)
Countries: 21 FN rate 0.01(0.01) {0.10(0.05) {0.25 (0.07) | 0.50 (0.10) | 0.75 (0.10) | 0.90 (0.05) | 0.99 (0.01)
Observations: 1507 p(crisis) 0.05 (0.02) [0.08 (0.02) | 0.11 (0.02) |0.16 (0.04) [0.26 (0.11) | 0.35 (0.17) | 0.67 (0.29)
Residential property price / income 3y growth Threshold >-8.99 >-3.99 >5.35 >20.72 >35.52 >43.66 >76.26
Crises: 20 FP rate 0.79(0.03) [ 0.68 (0.03) | 0.45 (0.04) [0.15 (0.03) | 0.05 (0.02) | 0.02 (0.01) [ 0.00 (0.00)
Countries: 18 FN rate 0.01(0.01) {0.10(0.06) [ 0.25 (0.08) | 0.50 (0.08) | 0.75 (0.08) | 0.90 (0.06) | 0.99 (0.01)
Observations: 1277 p(crisis) 0.06 (0.02) [0.07 (0.02) | 0.10(0.02) [0.18 (0.03) | 0.31 (0.07) | 0.39 (0.10) | 0.73 (0.17)
Residential property price /income 1y growth Threshold >-9.52 >-3.17 >-0.50 >4.05 >11.61 >18.65 >35.05
Crises: 21 FP rate 0.95(0.01) {0.75 (0.01) [ 0.61 (0.03) | 0.34 (0.03) | 0.08 (0.02) | 0.03 (0.01) | 0.00 (0.00)
Countries: 20 FN rate 0.01 (0.01)|0.10 (0.04) | 0.25 (0.09) [0.50 (0.09) | 0.75 (0.06) [ 0.90 (0.04) | 0.99 (0.01)
Observations: 1430 p(crisis) 0.07 (0.02) [0.09 (0.02) {0.11 (0.02) | 0.13 (0.02) | 0.18 (0.03) | 0.24 (0.05) | 0.43 (0.14)
Residential property price /income 3y diff. Threshold >-12.55 >-4.12 >4.89 >16.31 >27.21 >41.85 >77.56
Crises: 20 FP rate 0.89(0.03) [0.71(0.04) [ 0.41 (0.04) | 0.12 (0.03) | 0.04 (0.02) | 0.01 (0.01) | 0.00 (0.00)
Countries: 18 FN rate 0.01(0.01)(0.10(0.07)0.25 (0.08) [0.50 (0.07) | 0.75 (0.09) | 0.90 (0.07) [ 0.99 (0.01)
Observations: 1277 p(crisis) 0.03 (0.02) [0.06 (0.02) [0.10 (0.02) | 0.21 (0.04) | 0.36 (0.08) | 0.62 (0.14) | 0.95 (0.05)
Residential property price /income 1y diff. Threshold >-13.49 >-3.06 >-0.38 >3.80 >9.38 >17.68 >43.44
Crises: 21 FP rate 0.99 (0.01) | 0.78 (0.03) | 0.61 (0.03) [0.26 (0.03) | 0.07 (0.02) [ 0.01 (0.01) | 0.00 (0.00)
Countries: 20 FN rate 0.01(0.01) {0.10(0.04) [0.25 (0.08) | 0.50 (0.10) | 0.75 (0.08) | 0.90 (0.05) | 0.99 (0.01)
Observations: 1430 p(crisis) 0.04 (0.02) [0.08 (0.02) | 0.10 (0.02) | 0.14 (0.02) [0.20 (0.03) | 0.33 (0.07) | 0.80 (0.14)
Residential property price / income trend gap Threshold >-6.91 >-0.77 >5.38 >15.43 >19.92 >24.33 >35.43
Crises: 19 FP rate 0.87(0.02) | 0.68 (0.04) | 0.41 (0.04) [0.07 (0.03) | 0.03 (0.02) | 0.01 (0.01) [ 0.00 (0.00)
Countries: 18 FN rate 0.01(0.01) {0.10(0.05) [0.25 (0.09) | 0.50 (0.06) | 0.75 (0.07) | 0.90 (0.05) | 0.99 (0.01)
Observations: 1164 p(crisis) 0.02 (0.01) [0.05 (0.02)|0.10(0.03) [0.29 (0.05) | 0.42 (0.07) | 0.55 (0.10) | 0.83 (0.09)

Standard errors adjusted for clustering are shown in the parentheses.



Panel D: Measures of external imbalances

Indicator Transformation |Percentile 1 10 25 50 75 90 99

Current account / GDP Threshold >-10.04 >-3.25 >-2.17 >-0.87 >-0.10 >1.46 >2.60

Crises: 22 FP rate 1.00(0.00) [0.96 (0.02) |0.90 (0.03) | 0.74 (0.06) { 0.50 (0.06) | 0.10 (0.03) | 0.03 (0.02)
Countries: 26 FN rate 0.01(0.01) [0.10 (0.05) | 0.25 (0.08) {0.50 (0.10) | 0.75 (0.10) | 0.90 (0.05) [0.99 (0.01)
Observations: 1897 p(crisis) 0.58(0.18)0.19(0.04) | 0.15 (0.03) [0.11 (0.02) | 0.09 (0.02) | 0.06 (0.02) [ 0.05 (0.02)
Current account / GDP 3y growth Threshold >-7552.96 | >-407.61 | >-64.99 >14.16 >110.44 | >265.15 | >3672.37
Crises: 21 FP rate 1.00(0.00) [0.95 (0.01) | 0.69 (0.02) | 0.36 (0.02) {0.18 (0.01) | 0.08 (0.01) | 0.01 (0.00)
Countries: 26 FN rate 0.01(0.01)|0.10(0.02) | 0.25 (0.05) [0.50 (0.07) | 0.75 (0.04) | 0.90 (0.03) [0.99 (0.01)
Observations: 1613 p(crisis) 0.12(0.02)]0.12 (0.02)|0.12 (0.02) {0.12 (0.02) | 0.12 (0.02) | 0.12 (0.02) [ 0.12 (0.02)
Current account / GDP 1y growth Threshold >-1380.46 | >-76.98 >-15.92 >13.82 >49.37 >134.32 | >1352.63
Crises: 22 FP rate 0.99 (0.00) [0.81 (0.02) |0.53 (0.02) [0.35 (0.01) | 0.23 (0.01) | 0.10 (0.01) |0.02 (0.00)
Countries: 26 FN rate 0.01(0.01)|0.10(0.03)|0.25 (0.05) [0.50 (0.05) | 0.75 (0.04) | 0.90 (0.02) [ 0.99 (0.00)
Observations: 1804 p(crisis) 0.11(0.02) [0.11 (0.02) |0.11 (0.02) [0.11 (0.02) | 0.11 (0.02) [ 0.11 (0.02) |0.11 (0.02)
Current account / GDP 3y diff. Threshold >-6.29 >-1.70 >-1.15 >-0.50 >0.07 >0.67 >2.27

Crises: 21 FP rate 1.00(0.00) [0.94 (0.02) | 0.88 (0.03) | 0.72 (0.03) { 0.46 (0.02) | 0.21 (0.02) | 0.03 (0.01)
Countries: 26 FN rate 0.01(0.01)|0.10(0.05) | 0.25 (0.06) [ 0.50 (0.08) | 0.75 (0.06) | 0.90 (0.04) [ 0.99 (0.01)
Observations: 1614 p(crisis) 0.52(0.20)|0.18 (0.04) | 0.15 (0.03) [0.13 (0.02) | 0.11 (0.02) | 0.09 (0.02) [ 0.05 (0.02)
Current account / GDP 1y diff. Threshold >-4.86 >-1.07 >-0.52 >-0.21 >0.08 >0.42 >4.21

Crises: 22 FP rate 1.00(0.00) [0.92 (0.02) | 0.81 (0.03) | 0.64 (0.02) { 0.44 (0.01) | 0.23 (0.03) | 0.00 (0.00)
Countries: 26 FN rate 0.01(0.01)|0.10(0.04) | 0.25 (0.05) [ 0.50 (0.06) | 0.75 (0.04) | 0.90 (0.03) [0.99 (0.01)
Observations: 1805 p(crisis) 0.30(0.13)]0.14 (0.03)|0.12 (0.02) {0.11 (0.02) | 0.10 (0.02) | 0.09 (0.02) [ 0.04 (0.02)

Standard errors adjusted for clustering are shown in the parentheses.

Panel E: Measures of potential mispricing of risk

Indicator Transformation |Percentile 1 10 25 50 75 90 99

Stock market index 3y growth Threshold >-8.09 >21.00 >41.43 >62.29 >85.60 >108.40 | >172.63
Crises: 14 FP rate 0.77(0.02) |0.55 (0.03) | 0.42 (0.03) {0.31 (0.03) | 0.21 (0.03) | 0.14 (0.03) [ 0.05 (0.02)
Countries: 14 FN rate 0.01(0.01) |0.10(0.03) |0.25 (0.09) | 0.50 (0.11) | 0.75 (0.08) | 0.89 (0.04) | 0.98 (0.02)
Observations: 971 p(crisis) 0.09 (0.03) [0.10(0.03) {0.11 (0.03) | 0.12 (0.03) | 0.13 (0.03) | 0.14 (0.03) | 0.18 (0.05)
Bank stock index 3y growth Threshold >-26.60 >3.62 >25.29 >63.15 >91.47 >142.82 | >257.46
Crises: 16 FP rate 0.92(0.02) |0.72 (0.04) | 0.55 (0.04) | 0.33 (0.02) | 0.21 (0.02) | 0.10 (0.02) | 0.01 (0.01)
Countries: 13 FN rate 0.01(0.01) |0.10(0.04) | 0.25 (0.09) | 0.50 (0.09) | 0.75 (0.09) | 0.90 (0.06) | 0.99 (0.01)
Observations: 1009 p(crisis) 0.11(0.03) [0.12 (0.03) | 0.13 (0.03) | 0.15 (0.03) | 0.16 (0.03) | 0.18 (0.05) | 0.25 (0.09)
Corporate lending spread 3y diff. Threshold <-1.85 <-0.70 <-0.39 <-0.17 <-0.03 <0.05 <0.38

Crises: 10 FP rate 0.00 (0.00) [0.00 (0.00) | 0.09 (0.04) {0.34 (0.10) | 0.50 (0.10) | 0.58 (0.09) |0.80 (0.06)
Countries: 19 FN rate 0.98 (0.02) |0.89 (0.08) | 0.74 (0.10) | 0.50 (0.11) | 0.26 (0.09) | 0.11 (0.04) | 0.00 (0.00)
Observations: 187 p(crisis) 0.97(0.04) |0.68 (0.16) | 0.50 (0.15) [0.36 (0.12) | 0.29 (0.11) | 0.25 (0.10) [0.13 (0.07)
High-yield spread Threshold <164.20 | <171.20 | <227.15 | <252.70 | <342.10 | <611.90 | <1129.40
Crises: 16 FP rate 0.02 (0.00) |0.03 (0.00) | 0.07 (0.01) | 0.12 (0.01) | 0.34 (0.02) | 0.57 (0.02) | 0.91 (0.00)
Countries: 28 FN rate 0.91(0.01) [0.84 (0.02) | 0.75 (0.03) | 0.48 (0.05) [0.20 (0.08) | 0.10 (0.05) | 0.01 (0.01)
Observations: 1066 p(crisis) 0.33(0.08) |0.32 (0.08) | 0.27 (0.06) | 0.25 (0.05) | 0.19 (0.04) | 0.07 (0.03) | 0.01 (0.01)
High-yield spread 3y growth Threshold <-79.93 <-73.39 <-60.48 <-43.20 <-36.19 <51.61 <165.24
Crises: 14 FP rate 0.08 (0.01) |0.15 (0.01) | 0.35 (0.02) | 0.44 (0.01) | 0.50 (0.01) | 0.66 (0.01) | 0.91 (0.01)
Countries: 28 FN rate 0.98 (0.02) | 0.89 (0.03) | 0.67 (0.05) | 0.48 (0.05) | 0.20 (0.06) | 0.07 (0.04) | 0.01 (0.01)
Observations: 770 p(crisis) 0.25 (0.05) [0.24 (0.05) | 0.22 (0.05) [0.20 (0.04) | 0.19 (0.04) [ 0.11 (0.03) | 0.05 (0.02)
High-yield spread 1y growth Threshold <-69.88 <-48.11 <-31.15 <-19.49 <14.23 <50.90 <238.43
Crises: 15 FP rate 0.05 (0.00) |0.16 (0.00) |0.27 (0.01) [ 0.48 (0.01) | 0.69 (0.01) | 0.77 (0.01) [0.93 (0.01)
Countries: 28 FN rate 0.99(0.01) |0.88 (0.02) | 0.70 (0.02) | 0.47 (0.02) | 0.24 (0.03) | 0.06 (0.02) | 0.01 (0.01)
Observations: 971 p(crisis) 0.18 (0.04) [0.17 (0.03) | 0.16 (0.03) | 0.15 (0.03) | 0.14 (0.03) | 0.12 (0.03) | 0.06 (0.02)
High-yield spread 3y diff. Threshold <-902.70 | <-751.70 | <-420.90 | <-161.00 | <-123.20 | <117.00 | <602.60
Crises: 14 FP rate 0.08(0.01) |0.19 (0.01) | 0.35 (0.02) | 0.48 (0.02) | 0.52 (0.01) | 0.59 (0.01) | 0.91 (0.01)
Countries: 28 FN rate 0.98 (0.02) |0.89 (0.03) | 0.67 (0.05) [ 0.47 (0.05) | 0.27 (0.05) | 0.09 (0.05) {0.01 (0.01)
Observations: 770 p(crisis) 0.21(0.04) [0.20 (0.04) | 0.18 (0.04) | 0.17 (0.04) | 0.16 (0.04) | 0.15 (0.03) | 0.13 (0.03)




CBOE Volatility Index Threshold <12.58 <12.73 <12.90 <14.53 <19.83 <25.87 <33.16

Crises: 29 FP rate 0.02 (0.00) | 0.06 (0.00) | 0.09 (0.01) | 0.21 (0.01) | 0.43 (0.02) | 0.72 (0.01) | 0.98 (0.00)
Countries: 28 FN rate 0.99(0.01) |0.91 (0.01) | 0.77 (0.03) | 0.49 (0.05) | 0.25 (0.05) | 0.10 (0.04) | 0.01 (0.01)
Observations: 2232 p(crisis) 0.23(0.04) [0.23 (0.04) | 0.23 (0.04) | 0.19 (0.03) | 0.11 (0.02) | 0.06 (0.02) | 0.02 (0.01)
CBOE Volatility Index 3y growth Threshold <-61.94 <-61.04 | <-47.21 <-27.70 <-3.26 <49.87 <147.75
Crises: 27 FP rate 0.00 (0.00) |0.02 (0.00) | 0.06 (0.01) | 0.27 (0.01) | 0.49 (0.02) | 0.81 (0.01) | 0.97 (0.01)
Countries: 28 FN rate 1.00(0.00) [0.89 (0.02) {0.74 (0.05) [ 0.50 (0.06) [ 0.27 (0.06) [ 0.08 (0.04) | 0.01 (0.01)
Observations: 1908 p(crisis) 0.23(0.06) | 0.23 (0.06) | 0.20 (0.04) | 0.16 (0.03) | 0.12 (0.02) | 0.07 (0.02) | 0.02 (0.02)
CBOE Volatility Index 3y diff. Threshold <-20.54 <-20.21 <-12.88 <-5.02 <-0.47 <6.34 <18.92

Crises: 27 FP rate 0.01 (0.00) {0.01 (0.00) | 0.05 (0.01) | 0.31 (0.02) [0.52 (0.02) | 0.76 (0.01) | 0.97 (0.01)
Countries: 28 FN rate 0.95(0.01) |0.95 (0.01) | 0.75 (0.04) | 0.48 (0.07) | 0.24 (0.06) | 0.10 (0.04) | 0.01 (0.01)
Observations: 1908 p(crisis) 0.33(0.09) [0.32 (0.09) | 0.22 (0.05) | 0.14 (0.02) | 0.11 (0.02) | 0.07 (0.02) | 0.03 (0.02)
CBOE Volatility Index trend gap Threshold <-9.79 <-9.45 <-7.49 <-3.38 <2.72 <6.82 <10.38

Crises: 25 FP rate 0.01(0.00) |0.04 (0.00) |0.12 (0.01) | 0.19 (0.01) | 0.48 (0.02) | 0.77 (0.01) | 0.96 (0.01)
Countries: 28 FN rate 0.96 (0.01) [0.89 (0.02) | 0.76 (0.05) [ 0.50 (0.09) | 0.25 (0.07) | 0.09 (0.04) [0.01 (0.01)
Observations: 1737 p(crisis) 0.29(0.07) |0.28 (0.07) | 0.24 (0.05) | 0.17 (0.03) | 0.10 (0.02) | 0.06 (0.02) | 0.04 (0.02)
German 1y bill 3y growth Threshold >-57.54 | >-49.08 | >-35.96 >16.19 >64.38 >98.22 >151.66
Crises: 30 FP rate 0.99 (0.00) |0.90 (0.00) | 0.71 (0.01) | 0.30 (0.01) | 0.15 (0.01) | 0.09 (0.01) | 0.00 (0.00)
Countries: 28 FN rate 0.01(0.01) |0.09 (0.03) | 0.23 (0.06) | 0.49 (0.06) | 0.74 (0.05) | 0.89 (0.03) | 1.00 (0.00)
Observations: 2423 p(crisis) 0.08 (0.02) [0.08 (0.02) | 0.09 (0.02) [0.11 (0.02) | 0.15 (0.03) | 0.17 (0.04) |0.22 (0.08)
German 1y bill 1y growth Threshold >-66.88 >-27.45 >-8.77 >12.52 >32.21 >51.34 >78.87

Crises: 30 FP rate 0.99 (0.00) | 0.84 (0.00) | 0.61 (0.01) | 0.23 (0.01) | 0.11 (0.00) | 0.06 (0.00) | 0.01 (0.00)
Countries: 28 FN rate 0.01(0.01) |0.09 (0.03) |0.25 (0.07) | 0.50 (0.07) | 0.72 (0.04) | 0.86 (0.02) | 0.99 (0.01)
Observations: 2639 p(crisis) 0.03 (0.01) |0.06 (0.01) | 0.08 (0.01) | 0.12 (0.02) | 0.15 (0.03) | 0.20 (0.05) | 0.29 (0.08)
German 1y bill 1y diff. Threshold >-3.38 >-1.54 >-0.49 >0.36 >1.12 >1.42 >3.05

Crises: 30 FP rate 0.98 (0.00) | 0.84 (0.00) | 0.59 (0.01) | 0.29 (0.01) | 0.12 (0.01) | 0.09 (0.00) | 0.01 (0.00)
Countries: 28 FN rate 0.01(0.01) [0.10 (0.04) | 0.24 (0.06) | 0.50 (0.06) | 0.73 (0.04) | 0.92 (0.04) | 0.99 (0.01)
Observations: 2639 p(crisis) 0.04 (0.02) |0.07 (0.02) |0.09 (0.01) | 0.11 (0.02) | 0.14 (0.03) | 0.15 (0.03) | 0.22 (0.07)
German 1m bill 1y growth Threshold >-78.76 >-25.75 >-11.38 >8.82 >39.79 >48.53 >87.72

Crises: 30 FP rate 0.99 (0.00) |0.82 (0.00) | 0.62 (0.01) | 0.35 (0.01) | 0.14 (0.00) | 0.11 (0.00) | 0.04 (0.00)
Countries: 28 FN rate 0.01(0.01) |0.09 (0.04) | 0.24 (0.06) | 0.50 (0.06) | 0.73 (0.04) | 0.86 (0.02) | 0.99 (0.01)
Observations: 3071 p(crisis) 0.05 (0.01) [0.07 (0.01) | 0.08 (0.01) | 0.09 (0.01) [0.11 (0.02) | 0.11 (0.02) | 0.14 (0.03)
US 1y T-bill 3y growth Threshold >-80.32 >-51.84 >-6.13 >46.86 >197.29 | >293.61 | >406.01
Crises: 30 FP rate 0.98 (0.00) |0.82 (0.01) | 0.46 (0.01) | 0.15 (0.01) | 0.03 (0.01) | 0.02 (0.00) | 0.01 (0.00)
Countries: 28 FN rate 0.01(0.01) |0.09 (0.05) | 0.25 (0.07) | 0.49 (0.06) | 0.77 (0.04) | 0.86 (0.02) | 0.95 (0.01)
Observations: 2423 p(crisis) 0.05 (0.01) | 0.06 (0.01) | 0.08 (0.01) | 0.12 (0.02) | 0.31 (0.06) | 0.50 (0.10) | 0.71 (0.11)
US 1y T-bill 1y growth Threshold >-60.97 >-29.10 >-8.41 >4.44 >33.19 >59.38 >179.51
Crises: 30 FP rate 0.99 (0.00) |0.78 (0.01) | 0.56 (0.01) | 0.37 (0.00) | 0.15 (0.01) | 0.09 (0.00) | 0.00 (0.00)
Countries: 28 FN rate 0.01(0.01) |0.10(0.04) | 0.25 (0.06) | 0.49 (0.05) | 0.75 (0.04) | 0.89 (0.03) | 1.00 (0.00)
Observations: 2639 p(crisis) 0.07 (0.01) |0.08 (0.01) |0.10 (0.01) | 0.10 (0.02) | 0.12 (0.02) | 0.14 (0.03) | 0.26 (0.08)
US 1y T-bill 3y diff. Threshold >-5.82 >-4.24 >-0.45 >1.98 >3.21 >3.89 >4.50

Crises: 30 FP rate 0.98 (0.00) [0.82 (0.01) | 0.46 (0.01) [0.16 (0.01) | 0.05 (0.01) | 0.02 (0.00) |0.01 (0.00)
Countries: 28 FN rate 0.01(0.01) |0.10(0.04) | 0.25 (0.07) | 0.49 (0.06) | 0.71 (0.04) | 0.86 (0.02) | 0.95 (0.01)
Observations: 2423 p(crisis) 0.02 (0.01) [0.03 (0.02) | 0.10 (0.02) | 0.19 (0.03) | 0.25 (0.05) | 0.29 (0.06) | 0.32 (0.08)
US 1y T-bill 1y diff. Threshold >-3.50 >-1.96 >-0.54 >0.28 >1.49 >1.80 >3.52

Crises: 30 FP rate 0.95 (0.00) |0.79 (0.00) | 0.55 (0.01) | 0.36 (0.00) | 0.16 (0.00) | 0.10 (0.00) | 0.01 (0.00)
Countries: 28 FN rate 0.01(0.00) |0.11 (0.03) | 0.25 (0.05) | 0.51 (0.06) | 0.79 (0.03) | 0.90 (0.02) | 1.00 (0.00)
Observations: 2639 p(crisis) 0.05 (0.01) [0.07 (0.01) |0.10 (0.01) | 0.11 (0.02) | 0.14 (0.02) | 0.15 (0.03) | 0.20 (0.04)
Us 1y T-bill trend gap Threshold >-2.07 >-1.09 >1.27 >1.88 >2.45 >2.71 >3.87

Crises: 29 FP rate 1.00(0.00) (0.81 (0.01) {0.49 (0.01) [ 0.24 (0.00) [ 0.09 (0.00) [ 0.06 (0.00) | 0.01 (0.00)
Countries: 28 FN rate 0.00(0.00) |0.09 (0.05) | 0.25 (0.07) | 0.50 (0.06) | 0.73 (0.04) | 0.87 (0.02) | 0.98 (0.01)
Observations: 2232 p(crisis) 0.04(0.02) |0.05 (0.02) |0.12 (0.02) | 0.15 (0.02) | 0.19 (0.03) | 0.20 (0.04) | 0.29 (0.09)
US 1m T-bill 3y growth Threshold >-86.45 | >-58.36 >-7.20 >53.08 >265.05 | >367.34 | >393.00
Crises: 30 FP rate 0.99 (0.00) [0.83 (0.01) | 0.48 (0.01) | 0.16 (0.01) [0.03 (0.01) | 0.02 (0.00) | 0.00 (0.00)
Countries: 28 FN rate 0.01(0.01) |0.09 (0.05) | 0.25 (0.07) | 0.49 (0.06) | 0.74 (0.04) | 0.86 (0.02) | 1.00 (0.00)
Observations: 2855 p(crisis) 0.04 (0.01) [0.05 (0.01) | 0.07 (0.01) | 0.10 (0.02) | 0.34 (0.07) | 0.52 (0.10) | 0.56 (0.11)
US 1m T-bill 1y growth Threshold >-73.10 >-31.01 >-8.87 >8.38 >40.57 >82.60 >161.30
Crises: 30 FP rate 0.99 (0.00) | 0.80 (0.01) | 0.56 (0.00) | 0.32 (0.00) | 0.15 (0.00) | 0.07 (0.00) | 0.01 (0.00)
Countries: 28 FN rate 0.01(0.01) [0.10 (0.04) | 0.25 (0.06) [ 0.50 (0.06) | 0.77 (0.04) | 0.89 (0.02) [0.99 (0.01)
Observations: 3071 p(crisis) 0.05 (0.01) [0.07 (0.01) | 0.08 (0.01) | 0.09 (0.01) | 0.11 (0.02) | 0.15 (0.03) | 0.24 (0.07)
US 1m T-bill 3y diff. Threshold >-5.88 >-4.97 >-0.41 >2.08 >3.73 >4.20 >4.25

Crises: 30 FP rate 0.96 (0.00) | 0.87 (0.00) | 0.47 (0.01) | 0.19 (0.01) | 0.09 (0.01) | 0.07 (0.00) | 0.06 (0.00)
Countries: 28 FN rate 0.01(0.01) |0.09 (0.04) | 0.25 (0.07) | 0.49 (0.06) | 0.74 (0.04) | 0.86 (0.02) | 0.96 (0.01)
Observations: 2855 p(crisis) 0.04 (0.01) [0.05 (0.01) | 0.09 (0.01) [0.13 (0.02) | 0.15 (0.03) | 0.16 (0.03) |0.16 (0.03)
US 1m T-bill 1y diff. Threshold >-3.49 >-1.86 >-0.60 >0.53 >1.69 >1.99 >3.28

Crises: 30 FP rate 0.92 (0.00) |0.79 (0.00) | 0.59 (0.01) | 0.33 (0.00) | 0.17 (0.00) | 0.12 (0.00) | 0.07 (0.00)
Countries: 28 FN rate 0.01(0.01) |0.10(0.03) | 0.23 (0.05) | 0.50 (0.06) | 0.75 (0.04) | 0.88 (0.02) | 0.99 (0.01)
Observations: 3071 p(crisis) 0.07 (0.01) |0.08 (0.01) | 0.08 (0.01) | 0.09 (0.01) | 0.10 (0.02) | 0.10 (0.02) | 0.12 (0.02)
US 1m T-bill trend gap Threshold >-2.69 >-1.73 >0.43 >1.83 >2.77 >2.99 >3.10

Crises: 30 FP rate 0.91(0.00) |0.75 (0.01) | 0.44 (0.01) | 0.18 (0.01) | 0.03 (0.00) | 0.02 (0.00) | 0.01 (0.00)
Countries: 28 FN rate 0.01(0.01) |0.10(0.04) |0.25 (0.07) | 0.50 (0.06) | 0.78 (0.04) | 0.86 (0.02) | 0.95 (0.01)
Observations: 2666 p(crisis) 0.02 (0.01) [0.04 (0.02) | 0.10 (0.02) | 0.17 (0.03) | 0.24 (0.05) | 0.25 (0.05) | 0.26 (0.05)

Standard errors adjusted for clustering are shown in the parentheses.



Panel F: Measures of the strength of bank balance sheets

Indicator Transformation |Percentile 1 10 25 50 75 90 99
Leverage ratio Threshold <4.35 <4.72 <6.05 <7.27 <8.62 <9.05 <9.65
Crises: 14 FP rate 0.04 (0.02) {0.09 (0.05) {0.27 (0.10) | 0.35 (0.10) | 0.59 (0.09) | 0.67 (0.09) | 0.72 (0.08)
Countries: 26 FN rate 0.98 (0.02) | 0.89 (0.06) | 0.74 (0.14) [0.50 (0.14) | 0.25 (0.11) [ 0.10 (0.05) | 0.01 (0.01)
Observations: 719 p(crisis) 0.27(0.11) [0.25 (0.10) [ 0.21 (0.07) | 0.18 (0.04) | 0.15 (0.03) | 0.14 (0.03) | 0.12 (0.03)
Leverage ratio 3y growth Threshold <-36.12 | <-20.41 | <-14.37 <-8.29 <-4.28 <4.46 <33.93
Crises: 12 FP rate 0.00 (0.00) {0.08 (0.03) [0.18 (0.06) | 0.30 (0.07) | 0.43 (0.07) | 0.69 (0.06) | 0.93 (0.04)
Countries: 25 FN rate 1.00 (0.00) | 0.90 (0.05) | 0.75 (0.08) [0.50 (0.11) [ 0.25 (0.08) [ 0.09 (0.07) [ 0.00 (0.00)
Observations: 444 plcrisis) 0.53(0.18)|0.36 (0.10) | 0.30 (0.07) [0.25 (0.06) | 0.22 (0.05) [ 0.16 (0.06) | 0.05 (0.05)
Leverage ratio 1y growth Threshold <-17.08 <-9.88 <-7.02 <-3.60 <2.57 <6.30 <27.33
Crises: 13 FP rate 0.02 (0.01)|0.10(0.02) | 0.19 (0.03) [0.32 (0.04) | 0.67 (0.04) [ 0.79 (0.03) | 0.97 (0.01)
Countries: 26 FN rate 0.99 (0.01) {0.90 (0.04) [ 0.75 (0.05) | 0.50 (0.05) | 0.25 (0.06) | 0.09 (0.04) | 0.01 (0.01)
Observations: 628 p(crisis) 0.28 (0.08) [0.23 (0.06) | 0.22 (0.05) [0.20 (0.04) | 0.17 (0.04) | 0.15 (0.05) | 0.09 (0.06)
Leverage ratio 3y diff. Threshold <-4.51 <-1.64 <-1.05 <-0.68 <-0.29 <0.22 <1.87
Crises: 12 FP rate 0.00(0.00) {0.11 (0.04) [ 0.20 (0.06) | 0.28 (0.07) | 0.43 (0.07) | 0.66 (0.06) | 0.90 (0.04)
Countries: 25 FN rate 0.99 (0.01) |0.90 (0.05) | 0.75 (0.08) {0.50 (0.10) | 0.25 (0.10) [ 0.10 (0.07) | 0.00 (0.00)
Observations: 444 p(crisis) 0.57(0.24) [0.31 (0.09) [ 0.26 (0.06) | 0.24 (0.06) | 0.21 (0.05) | 0.18 (0.05) | 0.10 (0.06)
Leverage ratio 1y diff. Threshold <-1.68 <-0.87 <-0.53 <-0.24 <0.15 <0.46 <1.42
Crises: 13 FP rate 0.02 (0.01) {0.11 (0.03) [ 0.21 (0.04) | 0.36 (0.05) | 0.64 (0.04) | 0.81 (0.02) | 0.94 (0.02)
Countries: 26 FN rate 0.99 (0.01) | 0.90 (0.04) | 0.75 (0.06) [0.50 (0.06) | 0.25 (0.06) | 0.09 (0.05) [0.02 (0.02)
Observations: 628 p(crisis) 0.28 (0.08) [0.23 (0.05) [0.21 (0.05) | 0.19 (0.04) | 0.17 (0.04) | 0.16 (0.04) | 0.12 (0.05)
Loans / deposits Threshold >78.03 >102.73 | >117.19 | >133.81 | >170.36 | >253.19 | >308.73
Crises: 12 FP rate 0.84(0.06) | 0.64 (0.10) | 0.54 (0.10) {0.36 (0.10) | 0.08 (0.05) [ 0.02 (0.02) | 0.00 (0.00)
Countries: 26 FN rate 0.01(0.01) {0.10(0.08) {0.25 (0.11) | 0.50 (0.13) | 0.75 (0.13) | 0.89 (0.08) | 0.98 (0.02)
Observations: 537 p(crisis) 0.12 (0.04)|0.15 (0.05) | 0.17 (0.05) [0.20 (0.05) | 0.28 (0.05) [ 0.49 (0.10) | 0.64 (0.13)
Loans / deposits 1y growth Threshold >-3.40 >-2.03 >-0.17 >3.74 >8.25 >16.71 >25.14
Crises: 12 FP rate 0.86(0.03) (0.81 (0.04) | 0.68 (0.06) [0.43 (0.07) | 0.27 (0.07) | 0.08 (0.03) [ 0.01 (0.01)
Countries: 26 FN rate 0.01(0.01) {0.09 (0.06) [ 0.25 (0.09) | 0.50 (0.11) | 0.74 (0.11) | 0.90 (0.06) | 0.98 (0.02)
Observations: 446 p(crisis) 0.22(0.07) [0.22 (0.06) [ 0.23 (0.06) | 0.24 (0.06) | 0.26 (0.06) | 0.29 (0.10) | 0.32 (0.15)
Loans / deposits 1y diff. Threshold >-8.28 >-3.06 >-0.23 >5.60 >11.69 >19.10 >26.32
Crises: 12 FP rate 0.94 (0.02) {0.83 (0.03) [ 0.68 (0.06) | 0.37 (0.06) | 0.16 (0.05) | 0.06 (0.03) | 0.02 (0.01)
Countries: 26 FN rate 0.01 (0.01) | 0.09 (0.05) | 0.25 (0.09) [0.50 (0.11) | 0.74 (0.09) [ 0.91 (0.06) | 0.99 (0.01)
Observations: 446 p(crisis) 0.16 (0.07) [0.19 (0.06) [ 0.21 (0.06) | 0.25 (0.06) | 0.29 (0.07) | 0.36 (0.11) | 0.42 (0.15)
Total assets / GDP 3y growth Threshold >4.08 >12.83 >18.52 >31.75 >44.02 >55.41 >77.89
Crises: 12 FP rate 0.90(0.03) [0.67 (0.08) [ 0.56 (0.08) | 0.23 (0.06) | 0.12 (0.05) | 0.04 (0.03) | 0.01 (0.01)
Countries: 20 FN rate 0.00(0.00) {0.11 (0.06) [ 0.24 (0.09) | 0.50 (0.11) | 0.74 (0.12) | 0.89 (0.10) | 0.99 (0.01)
Observations: 526 plcrisis) 0.10(0.04) |0.12 (0.05) | 0.14 (0.05) [0.20 (0.05) | 0.26 (0.07) [ 0.33 (0.09) | 0.49 (0.16)
Total assets / GDP 1y growth Threshold >-2.05 >4.78 >7.64 >10.72 >14.42 >16.82 >23.41
Crises: 13 FP rate 0.90 (0.02) | 0.59 (0.05) | 0.43 (0.05) [0.28 (0.05) | 0.17 (0.04) [ 0.12 (0.04) | 0.03 (0.01)
Countries: 21 FN rate 0.01(0.01) {0.10(0.06) [ 0.24 (0.08) | 0.50 (0.08) | 0.76 (0.09) | 0.89 (0.05) | 0.98 (0.02)
Observations: 678 p(crisis) 0.09 (0.03)(0.13 (0.04) | 0.15 (0.04) [0.18 (0.05) | 0.22 (0.06) | 0.25 (0.06) | 0.34 (0.10)
Total assets / GDP 3y diff. Threshold >1.1e-03 >0.04 >0.10 >0.40 >0.86 >1.95 >3.53
Crises: 12 FP rate 0.89(0.06) [0.79 (0.08) [ 0.69 (0.11) | 0.32 (0.08) | 0.15 (0.08) | 0.07 (0.06) | 0.03 (0.02)
Countries: 20 FN rate 0.01(0.01)|0.10 (0.10)|0.24 (0.13) [0.50 (0.15) | 0.74 (0.12) [ 0.90 (0.10) | 0.99 (0.01)
Observations: 526 p(crisis) 0.17(0.05) [0.17 (0.05) [0.17 (0.05) | 0.18 (0.05) | 0.18 (0.05) | 0.20 (0.08) | 0.22 (0.16)
Total assets / GDP 1y diff. Threshold >-0.06 >7.3e-03 >0.06 >0.16 >0.35 >0.76 >1.36
Crises: 13 FP rate 0.94 (0.03) {0.71(0.07) [ 0.50 (0.08) | 0.29 (0.06) | 0.14 (0.06) | 0.06 (0.05) | 0.03 (0.03)
Countries: 21 FN rate 0.01(0.01){0.11(0.08)0.24 (0.11) {0.50 (0.12) | 0.75 (0.11) | 0.89 (0.08) [ 0.99 (0.01)
Observations: 678 p(crisis) 0.15 (0.04) [0.16 (0.04) [ 0.16 (0.04) | 0.16 (0.04) | 0.17 (0.04) | 0.18 (0.06) | 0.20 (0.09)

Standard errors adjusted for clustering are shown in the parentheses.
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