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Abstract

A number of papers have shown that rapid growth in private sector credit is a strong predictor of a
banking crisis. This paper will ask if credit growth is itself the cause of a crisis, or is it the combination
of credit growth and external deficits? This paper estimates a probabilistic model to find the marginal
effect of private sector credit growth on the probability of a banking crisis. The model contains an
interaction term between credit growth and the level of the current account, so the marginal effect of
private sector credit growth may itself be a function of the level of the current account. We find that the
marginal effect of rising private sector debt levels depends on an economy's external position. When
the current account is in balance, the marginal effect of an increase in debt is rather small. However,
when the economy is running a sizable current account deficit, implying that any increase in the debt

ratio is financed through foreign borrowing, this marginal effect is large.
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1. Introduction

The experience of a number of countries during the recent Global Financial Crisis highlights the fact
that rapid credit growth fueled by external borrowing is a recipe for a banking or financial crisis. This
same combination of factors was at work during the East Asian crisis in the late 1990's and the Latin
American crises of the 1980's. With these episodes in mind, McKinnon and Pill (1996), Magud,
Reinhart and Vesperoni (2011), Kaminsky and Reinhart (1999), Barrell, Davis, Karim and Liadze
(2010), Reinhart and Reinhart (2008), Reinhart and Rogoff (2011) discuss how capital inflow

"bonanzas" can lead to a rapid expansion of credit which can then lead to a banking crisis.

A number of papers have shown that the root cause of a banking crisis is rapid credit grovvth.1 This
raises an interesting question: is credit growth itself the cause of a crisis, or is it the combination of
credit growth and external deficits? In other words, does the source of credit matter?

To answer this question, this paper estimates the marginal effect of private sector credit growth on the
probability of a banking crisis and estimates whether this marginal effect is itself a function of the
current account. If a country is experiencing high credit growth and a current account deficit, that
credit growth is being fueled from foreign borrowing. When a country is experiencing credit growth
and a current account surplus, that credit growth is being fueled from domestic savings. If the
marginal effect of credit growth on the probability of a crisis is not a function of the current account,
then high credit growth alone is a strong predictor of a crisis. If however this marginal effect is a
function of the current account and is higher when the current account is in deficit, then it is the

combination of high credit growth with foreign borrowing that is a predictor of a crisis.

Using a dataset that includes private sector credit growth for 14 advanced economies from 1870-2008,
Schularick and Taylor (2012) estimate the marginal effect of credit growth on the probability of a
banking crisis. They show that the marginal effect is around 0.3. That is to say, a 1 percentage point

increase in the credit-to-GDP ratio raises the probability of a banking crisis by 0.3 percentage points.

The role that large external imbalances and foreign borrowing play as precursors to banking crises is
less understood. As mentioned earlier a number of papers discuss how capital inflow "bonanzas" can
lead to a rapid expansion of credit which can then lead to a banking crisis, and Demirgl¢-Kunt and
Detragiache (1998, 2005) argue that the vulnerability to sudden capital outflows is a robust predictor
of crises. Eichengreen and Rose (2004) argue that increases in interest rates in industrialized
countries is a major factor driving banking crises in emerging market economies, but country-specific
factors like external debt burdens and the current account are less important. Chinn and Kletzer (1999)

construct a model where agency problems arising from government guarantees on bank deposits

See e.g. Borio and Lowe (2002), Demirgui¢g-Kunt and Detragiache (1998), Demirgu¢-Kunt and Detragiache (2005), Hume
and Sentance (2009), Jorda, Schularick and Taylor (2011b), Jorda, Schularick and Taylor (2013), Kaminsky and Reinhart
(1999), King (1994), Loayza and Ranciere (2005), Mendoza and Terrones (2008), Mendoza and Terrones (2012), Mian
and Sufi (2009), Reinhart and Reinhart (2008), Jorda, Schularick and Taylor (2011a), McKinnon and Pill (1996), Arteta
and Eichengreen (2002).
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lead naturally to a scenario where capital inflows lead to excess credit growth followed by a banking

crisis.

Copelovitch and Singer (2012) argue that the link between current account deficits and the incidence
of a banking crisis depends on certain institutional characteristics, namely, whether financial markets
tend to be "market-based" or "bank-based". Jorda et al. (2011a) estimate a logit model to calculate
how factors like credit growth and the change in the current account affect the probability of a banking
crisis. They find that the change in the current account was a robust predictor of crises in pre-World
War Il data, but the effect is insignificant in the post-Breton Woods period. Aizenman and Noy (2013)
show that rapid credit growth is a robust predictor of crises, and that capital account openness lowers

the probability of a crisis in middle-income countries.

This paper performs a similar exercise as that performed in Jorda et al. (2011a) and Schularick and
Taylor (2012) using a different dataset. The goal will be the same, to measure the marginal effect of
an increase in credit growth on the probability of a banking crisis. However, by considering the
interaction between credit growth and the level of the current account, we can calculate how the
marginal effect of credit growth on the probability of a banking crisis is itself a function of the level of
the current account.

We find that the marginal effect depends strongly on the current account. For a country with a
balanced current account, a 1 percentage point increase in credit growth increases the probability of a
crisis by about 0.1 percentage points. For a country with a current account deficit of 10% of GDP (the
size of the current account deficit in many countries of the Eurozone periphery prior to the recent
crisis), a 1 percentage point increase in credit growth increases the probability of a crisis by about 0.5
percentage points.

The rest of this paper is organized as follows. Section 2 contrasts the examples of Norway, Finland
and Sweden with the countries of the Eurozone periphery on the eve of the recent crisis. Both the
Nordic and the periphery countries had seen a rapid growth in private sector credit in the years
leading up to the crisis; in the years prior to 2008, private sector credit growth in Sweden was actually
larger than in nearly all countries of the Eurozone periphery. However, unlike the Eurozone periphery,
the Nordic countries ran large current account surpluses. The fact that the Nordic countries did not
experience a banking crisis while those in the Eurozone periphery did suggests that credit growth on
its own does not cause a crisis, but the combination of credit growth with large external borrowing can
be a potent mix. Section 3 presents the econometric models and the data that we will use to estimate
the marginal effect of credit growth on the probability of a crisis. The results from these estimations
are presented in section 4. First we will show how the marginal effect of credit growth can vary
dramatically depending on a country's external position. Then, returning to the examples of the Nordic
countries and those of the Eurozone periphery on the eve of the recent crisis, we will discuss how
taking this into account can improve the ability of a model to distinguish between a benign credit

boom fueled by domestic lending and a dangerous credit boom fueled by external borrowing. The

2
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results from various robustness tests are presented in section 5. Finally section 6 will conclude.
2. The Nordics vs. the Periphery

Throughout history a number of countries, most recently countries in the " periphery" of the Eurozone,
have suffered severe banking crises. The circumstances under which this most recent crisis occurred
can be illustrated, and perhaps further illuminated, by taking a closer look at private sector credit

growth and current account dynamics in the years leading to the crises.

A combination of external and domestic factors pushed several Eurozone countries into a financial
crisis, culminating in severe market and banking sector stress most notably between 2008 and 2012.
Starting in the 1990s, progress towards monetary union caused Eurozone interest rates to converge
and eventually spurred significant asset price appreciation and credit booms in several peripheral
countries. For example, house prices appreciated by 46% in Spain and 45% in Ireland between 2003
and 2008. The nonfinancial private sector credit-to-GDP ratio grew by 72 percentage points in the
Eurozone periphery in the 5 years between 2003 and 2008, with Ireland (145pp) and Italy (32pp) at
the high- and low-end of the group. The global financial crisis exposed this excess credit growth when

it became more difficult to roll over these large debt burdens.

At that point, it also became obvious that the inability of peripheral countries to raise interest rates
during the boom, due to the single currency and single monetary policy regime, had worsened
imbalances including widening current account deficits. The average current account deficit for
peripheral countries was 9% of GDP in 2008. This largely stemmed from overvalued exchange rates
for these economies, as the combination of wage rigidities and fixed exchange rates led to persistent
declines in competitiveness. In 2008, Greece, Portugal, Ireland, and Spain each suffered banking
crises. In the spring of 2010, Greece was granted international assistance to address its

unsustainable public debt burden and was followed by Ireland and Portugal.

The experience of peripheral economies, characterized by credit booms, current account deficits, and
ultimately banking crises, is interesting to contrast with the Nordic countries of Norway, Sweden, and
Finland. Over the five years to 2008, the Nordic countries also saw significant growth in the
nonfinancial private credit-to-GDP ratio (39pp in Norway, 38pp in Finland, and 74pp in Sweden) but,

unlike the peripheral economies, the Nordic countries did not suffer a banking crisis.

One of the most important factors to explain the fact that the countries of the Eurozone periphery
suffered a banking crisis in 2008 but the Nordic countries, with similar levels of credit growth, did not,
is the fact that the Nordic countries maintained a strong current account surpluses (close to 16% of

GDP for Norway, 3% for Finland, and 9% for Sweden).2 This current account surplus indicates that

2 In addition to credit booms, the Nordic countries also saw comparable levels of house price appreciation. Between 2003

and 2008, house prices rose by 33% in Finland, 45% in Norway, and 49% in Sweden. (Mack and Martinez-Garcia 2011)

3
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the Nordic did not rely on external funding to fund this credit boom as in the Eurozone periphery. As
will be seen in the coming sections, a credit boom accompanied by a current account surplus still
increases the probability of a banking crisis, but the effect is pretty small. Sweden saw growth in the
private sector credit-to-GDP ratio of 74pp between 2003 and 2008, but the marginal effect of each
1pp increase in credit growth on the probability of a crisis was only 0.017pp, and as we shall see later,
the probabilistic model in this paper estimates that the probability of a banking crisis in Sweden in
2008 was 6%. Meanwhile, Spain saw growth in the private sector credit-to-GDP ratio of 79pp between
2003 and 2008. The marginal effect of each 1pp increase in credit growth on the probability of a crisis
was 0.518pp, and the model predicts that the probability of a crisis in Spain in 2008 was 71%.>

3. Econometric Methodology and Data

To formally test the effect of a country's recent credit growth and current account on the probability of
a banking crisis, we estimate a probabilistic model of a banking crisis in country i in year t using data

from an unbalanced panel of 35 countries and annual data potentially from 1970-2010.

The model to regress the incidence of a banking crisis in country i in year t on recent private sector

credit growth, the current account balance, and other control variables can take two forms:

a+ B1AC; + BrCAj—y + B3AC X CAyp_y

OLS Linear Probability: p;, =
YiPit = | p 16A<0 % AC,, X CAy—y + BXit + &0t

)

6 + v1AC; + v, CAj 1 +y3AC; X CAye_y
VIO X ACy X CAyog + ¥Xie + &5

Logit: logit(p;;) =
where logit(p;;) = ln(pl-t/(l —pit)), AC;; is the growth in the private sector credit-to-GDP ratio in
country i over the 5 years prior to year t, CA;;_, is the ratio of the current account balance to GDP in
country i in year t — 1, I$*<® is an indicator variable that takes a value of 1 if country i is running a
current account deficit in year t — 1 and 0 otherwise, and X;; is a vector that includes the output gap,
the inflation rate, and an indicator variable denoting whether country i has a fixed or floating exchange

rate in year t.

The estimated coefficients from either this linear probability model or logit model can then be used to
find the marginal effect of an increase in the growth of private sector credit on the probability of a
banking crisis. In the linear probability model, the marginal effect of a 1 percentage point increase in
the growth of the private debt-to-GDP ratio on the probability of a banking crisis in a country with a
current account surplus of 5% of GDP is §; + 0.058;. The same marginal effect in a country with a
current account deficit of 5% of GDP is 8; — 0.05(8; + ,).

3 In the data used in this paper, the unconditional probability of a banking crisis in a given country-year is 4.5%.
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If we impose that there is no interaction between credit growth and the current account (8; = 8, = 0)
than in the linear probability model, the marginal effect of a 1 percentage point increase in the growth
of the private debt-to-GDP ratio on the probability of a banking crisis is ;. If instead we allow for an
interaction between credit growth and the current account, but impose that this interaction is the same
regardless of whether the current account is in surplus or deficit (8, = 0), then in the linear probability
model, the marginal effect of a 1 percentage point increase in the growth of the private debt-to-GDP
ratio on the probability of a banking crisis in a country with a current account surplus of 5% of GDP is

B, + 0.058;. The same marginal effect in a country with a current account deficit of 5% of GDP is
ﬁl - 0.0533

When we do not allow for an interaction between credit growth and the current account (8; = 8, = 0),
the marginal effect of an increase in credit growth on the probability of a crisis does not depend on
whether that credit growth is financed abroad or at home. When we do allow for this interaction, but
impose that this interaction is the same regardless of whether the current account is in surplus or
deficit (8, = 0), the marginal effect of an increase in credit growth on the probability of a crisis
depends on the current account, but moving from a current account surplus of 10% to a current
account surplus of 2% has the same impact on this marginal effect as moving from a current account
deficit of 2% to a current account deficit of 10%. If instead the interaction between credit growth and
the current account depends on whether the current account is in deficit or surplus then the marginal
effect of credit growth and the current account depends on whether or not a country has a current
account deficit. For instance if 83 = 0 but 8, << 0 then moving from a current account surplus of 10%
to a current account surplus of 2% has no impact on the marginal effect of credit growth on the
probability of a crisis, since the credit growth is still financed domestically, but moving from a current
account deficit of 2% to a current account deficit of 10% has a large impact on the marginal effect of
an increase in credit growth on the probability of a crisis, since with a current account deficit of 10% of

GDP, the country is highly dependent on foreign borrowing.

To calculate the marginal effects in the nonlinear logit model we follow Ai and Norton (2003), who
describe how to calculate marginal effects in a nonlinear model with an interaction term between two

independent variables. Consider that the specification for the logit model in (1) can be re-written as:

6 + y1AC; +v,CAj—q +¥3AC; X CAit—l)
+V4IgA<0 X ACit X CAit—l + YXit + Eit

P(Crisis = 1;ACy;, CAy, Xip) = F(
where F(y) = % Thus the marginal effect of the growth in private sector credit on the probability of

a banking crisis is:

0P(Crisis = 1)

3AC = F'(J/)(h + (Va + V4IiCtA<O)CAit—1)
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The marginal effect for a country with a current account-to-GDP ratio of dCA is:

OP(Bank = 1) 0?P(Bank =1)
dAC JdAC dCA

(dCA)

which can be written as:

F'0) 1y + (vs + val<°)CA + (v5 + v4152<°)dCA)

+F”()/)(V1 + (V3 + V415:A<0)CA)(V2 + (Va + V4IiCtA<0)ACit)(dCA)

In an alternative specification , instead of considering the effect of the level of the current account-to-
GDP ratio in yeart —1, CA;;_, , we will consider the change in this ratio from yeart—2tot—1,
ACA;_, = CA._, — CA,_, . While these two specifications look very similar, the interpretation is
different. Jorda et al. (2011a) consider the latter, where the first-difference of the current account is
included in the probability model. In this specification, a negative and significant estimate of y, would
imply that a rapid deterioration of the current account is a harbinger of a banking crisis. Jorda et al.
Jorda et al. (2011a) find that this is the case, but it is more prevalent in the early part of their sample
period. Similarly a negative and significant estimate of y; or y, would imply that rapid credit growth is
more dangerous when accompanied by a rapid deterioration in the current account. Jorda et al.
(2011a) find that the coefficient on the interaction term is not significant, so credit growth is a
harbinger of a crisis and a rapid deterioration of the current account is a harbinger of a crisis, but after
controlling for each effect separately, the interaction is not significant. Intuitively this means that rapid
credit growth is not more likely to lead to a crisis just because it is accompanied by current account
deterioration. Just because the current account is deteriorating, we cannot tell whether the credit
boom is being financed from domestic savings or foreign borrowing, since the current account
deterioration from CA;;_, = 5to CA;;_; = 0 is the same deterioration as from CA;;_, =0to CA;;_; =
—5. Although in the first case the country is still financing its credit growth from domestic savings and

in the second it is relying on foreign borrowing.
3.1 Variables and Data

The dependent variable in all of the above regressions, p;;, is an indicator variable denoting if country
i was experiencing a banking crisis in year t. This is described in Reinhart and Reinhart (2008) and
Reinhart and Rogoff (2009). It is available for a large number of countries over a 200 year period, but
due to data limitations in our main independent variable, the growth in the credit-to-GDP ratio, we
restrict our analysis to an unbalanced panel of 35 countries, potentially beginning in 1975. The full list
of countries and the years that they are included in the study is found in the appendix. We also
confirm that these results are robust to an alternative banking crisis indicator variables developed in

Laeven and Valencia (2013).



Hong Kong Institute for Monetary Research Working Paper No.29/2014

Since many banking crises unfold over a number of years, there is the question of what to do with
observations after the initial crisis year, since the macroeconomic explanatory variables that would be
used to predict a crisis in the later years of a crisis would themselves be affected by the early years of
the crisis. We follow the convention in the literature, as described by Demirglic-Kunt and Detragiache

(2005) and simply exclude the crisis years after year 1 from the sample.

The main dependent variable, AC;;, represents the excess growth in the private or public sector debt-
to-GDP ratio between year t — 5 and year t. The stock of private sector credit used to construct AC;; is

taken from the BIS database of credit to the private nonfinancial sector.

We define the excess credit growth as the growth in the private sector debt-to-GDP ratio over a 5 year

period in excess of the trend growth in that ratio:

ACy = ACredit;, — ACTédity,

where ACredit;, is the actual growth in the private sector debt-to-GDP ratio between year t — 5 and
year t, and ACrédit;, is the trend growth in this ratio over this period. We will define this trend growth
in a number of ways and show that the results are not sensitive to our particular measure of trend. In
the benchmark specification, we define trend credit growth as that which can be explained by growth

in per-capita GDP and the usual process of financial deepening:

ACrédit, = 0Agdp;,

where Agdp;, is the change in per-capita GDP in country i between year t — 5 and year t, and 6 is
estimated from a panel data model. For the 35 countries in our model over the period 1970-2010, 0 is
the average elasticity of the private sector credit-to-GDP ratio with respect to changes in per-capita
income. Our point estimate for this elasticity is about 0.84 and the 95% confidence interval lies
between 0.82 and 0.86.*

For robustness we will also define trend credit growth, ACrédit;,, as the change between yeart —5
and year t of the HP filtered trend of the private sector credit-to-GDP ratio or the linear trend in the
credit-to-GDP ratio. Finally, we will ignore the trend component and instead define the variable AC;; in
our linear probability and logit models as simply the actual growth in the credit-to-GDP ratio over a 5

year period.

Other variables included in the regressions include the ratio of the current account to GDP, CA;;, the

log deviation of GDP from its HP trend, 0G,, the year-over-year percent change in consumer price

The relationship between financial deepening and economic growth, studied empirically as early as Goldschmidt (1933),
was firmly established in cross-country studies beginning with King and Levine (1993). It has been further confirmed by
studies focusing on the industry level, e.g. Rajan and Zingales (1998), and the regional level, e.g. Jayaratne and Strahan
(1996). For further discussion see the first chapter of Calomiris and Haber (2014).
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index, m,, and an indicator variable denoting whether a country has a pegged currency or a crawling
peg (1) or a freely floating currency or a managed float (0) as defined by lizetzki, Reinhart and
Reinhart (2008).

The means and standard deviations of the variables in the model are presented in Table 1. The table
shows that the unconditional probability of a banking crisis in any given country in any given year in
our sample is approximately 4.5%, and the average growth in the credit-to-GDP ratio over a 5 year

period is nearly 13 percentage points.

Furthermore, the unconditional correlations between the variables in the model are presented in Table
2. This table shows that the correlation between excess credit growth and the incidence of a banking
crisis is about 0.1-0.2. The current account is slightly negatively correlated with the incidence of a
banking crisis, and the correlation between the current account and credit growth shows that periods

of high excess private sector credit growth tend to be accompanied by current account deficits.

4, Results

The results from the regression specifications in (1) are presented in Table 3. The table presents the
results using the primary measure of excess credit growth where the trend level of credit growth is

defined as that which can be explained by growth in per capita GDP.

The table presents the results from both the logit model and the OLS linear probability model. The
table shows that when the interaction between credit growth and the current account is not included in
the regression, credit growth has a positive and significant effect on the probability of a banking crisis.
The marginal effects estimates show that a one percentage point increase in credit growth increases
the probability of a banking crisis by about 0.13 percentage points. Furthermore, the output gap has a
negative and significant effect on the probability of a banking crisis. A one percentage point increase

in the output gap reduces the probability of a banking crisis by about 1.5 percentage points.

On its own, the current account has a negative impact on the probability of a crisis, although this is
not robust to the different regression specifications. The second and fifth columns of the table show
that the interaction between credit growth and the current account has a negative and significant
effect. This implies that credit growth has a greater effect on the probability of a crisis when a country
is running a current account deficit. The table reports the marginal effects of credit growth for a
country with a balanced current account, one with a current account deficit of 5%, and one with a
current account surplus of 5%. For a country with a balanced current account, the marginal effect of
credit growth on the probability of a crisis is around 0.16. For a country with a current account deficit
of 5%, a one percentage point increase in the credit-to-GDP ratio increases the probability of a
banking crisis by around 0.27 percentage points. For a country with a current account surplus of 5%,
the same increase in credit growth raises the probability of a crisis by 0.05 percentage points. Wald-

tests confirm that we can reject the hypothesis that the marginal effect of credit growth on the
8
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probability of a crisis is does not depend on whether a country is running a current account surplus or
deficit. This confirms the results in Reinhart and Reinhart (2008) who find that a capital flow "bonanza"

leads to a significant increase in the probability of a banking crisis.

When we include an interaction term between credit growth and the current account, but do not
distinguish between a current account surplus or deficit, the model shows that extreme values of the
current account can affect the marginal effect of credit growth, but for most countries with a small
current account deficit or surplus, the marginal effect of credit growth is around 0.15 in both models.
However this changes when we include an interaction term between the current account and credit
growth, but allow this interaction to distinguish between a current account deficit or surplus. These
results are found in the third and sixth columns of Table 3. Now the marginal effect for a country with
a balanced current account is only around 0.08. For a country with a current account surplus of 5% of
GDP, the marginal effect of credit growth is around 0.05. However, for a country with a current

account deficit of 5%, the marginal effect is 0.30.

Wald-tests confirm that there is a statistically significant difference between the marginal effect for a
country with a current account deficit and that with a balanced current account, but the difference
between the marginal effects for a country with a current account surplus and that with a balanced

current account is not significantly different than zero.

The marginal effect of an increase in credit growth on the probability of a banking crisis as a function
of the current account in each of the three model is presented in Figure 1. The figure plots the
estimated marginal effect of credit growth and 90% confidence bands as a function of the current
account in the three specifications of the linear probability model. In the first model, the one without an
interaction term between credit growth and the current account, the marginal effect is constant at
around 0.13. In the second version of the model, with an interaction but one that does not distinguish
between a current account deficit or surplus, the marginal effect is a downward sloping line with an
intercept of around 0.16. In the version of the model where the interaction depends on whether the
county has a positive or negative current account, the marginal effect is around 0.08 for a country with
a balanced current account and falls slightly as the current account increases, but when the current
account is negative, the marginal effect is quickly increasing in the size of the current account deficit.
For a country with a current account deficit of around 10% of GDP, a one percentage point increase in
credit growth leads to greater than a 0.5 percentage point increase in the probability of a banking

crisis.

The results from the regression where the current account term is not the level of the current account-
to-GDP ratio in year t — 1 but rather the difference in this ratio from years t — 2 to t — 1 is presented in
Table 4. The interaction between credit growth and the change in the current account is not significant.
This confirms the results in Jorda et al. (2011a) who also find that the interaction between credit
growth and the change in the current account has no added power as a predictor of a banking crisis.

The table also shows that the coefficient on the change in the current account is not significant. This

9



Hong Kong Institute for Monetary Research Working Paper No.29/2014

again confirms the results in Jorda et al. (2011a), who find that the coefficient of the change in the
current account is negative and significant in the pre-World War Il part of their time series, indicating
that the rapid deterioration in the current account was a harbinger of a crisis. However, they find that

the coefficient on the change in the current account is not significant in the post-World War Il data.

4.1 The Receiver Operating Characteristic Curve

A way to test the predictive ability of the probabilistic model specifications (1) is to calculate the
receiver operating characteristic curve (ROC). The ROC plots the true positive rate against the false
positive rate of either the logit or linear probability model for different values of the critical value c,
above which we predict a crisis and below which we do not. If we vary ¢ from zero to one and
calculate and plot the false and true positive rates for each value of ¢ then the resulting ROC curve is

plotted in Figure 2.

The figure plots the ROC curves for each of the tree versions of the model. When ¢ = 0, the models
predict a banking crisis in every observation, so both the false positive rate and the true positive rate
are 100%. As c increases, both rates fall. The model has no predictive ability if the ROC curve lies
along the 45-degree line; it's predictive ability is perfect if the ROC curve resembles an upside-down
"L" and passes through the point where the true positive rate is 100% and the false positive rate is 0%.
The figure shows that the ROC curve from the model with the interaction term (the red dashed line)
generally lies to the left of that from the model with no interaction term, implying that including this

term improves the predictive ability of the model.

The last row of Table 3 presents the area under the ROC curve for each model. If the area under the
ROC curve is 0.5 then the model has no predictive ability and it has perfect predictive ability when the
area is equal to one. The table shows that the both the logit and linear probability versions of the
model, the area under the ROC curve is around 0.74 — 0.76. This is close to the value found by
Schularick and Taylor (2012) in their estimation based on a sample of developed countries over a
nearly 140 year period. When the interaction term is not included in the model, the area under the

ROC curve is around 0.74.°

4.2 Back to the Nordics and the Periphery

This paper began by contrasting the experience of the Eurozone periphery in 2008 with that in
Norway, Finland, and Sweden. As mentioned earlier, both the Eurozone periphery as well as the
Nordic countries saw huge credit booms in the 5 years leading up to 2008, but unlike the Eurozone
periphery, which ran a large current account deficit, the Nordic countries ran current account

surpluses.

s The models used to calculate the ROC curves do not include country or time fixed effects. Given the tendency of financial

crises to occur in many countries at the same time, the inclusion of time fixed effect significantly raises the in-sample fit of
the model, and the area under the ROC curve rises to as much as 0.9 when time fixed effects are included.
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The excess credit growth in the 5 years leading up to 2008, the current account, and the probabilities
of a banking crisis predicted by the regression specifications in (1) are presented in Table 5. The table
shows that all of these countries, Portugal, Spain, Ireland, Greece, Hungary, Finland, Norway, and
Sweden, had a large increase in the private sector credit-to-GDP ratio between 2003 and 2008. Of
course the credit boom in Portugal, Spain, Ireland, Greece, and Hungary between 2003 and 2008 is
well known, but over this same period credit growth in Sweden was actually greater than that in
Portugal and Greece and was nearly identical to that in Spain and Hungary. The table also reports
that in 2008, the Nordic countries each had current account surpluses. Meanwhile Portugal, Spain,
Ireland, Greece, and Hungary were each running sizable current account deficits that ranged from -
6% of GDP (Ireland) to -15% of GDP (Greece).

The table reports the probability of a banking crisis implied by the different specifications of the model.
P, (Crisis) is the probability of a banking crisis implied by either the logit model without the interaction
term between credit growth and the current account, P,(Crisis) is the probability of a banking crisis in
the model that includes this interaction term, and P;(Crisis) is the probability of a banking crisis when
the interaction term can distinguish between a current account deficit and surplus. Based on its
sizable credit boom between 2003 and 2008, the model without the interaction term predicts that
Sweden had a one-in-six chance of experiencing a banking crisis in 2008. In Spain this probability
was about 50%. However, when the fact that this credit boom was financed domestically in the case
of the Nordic countries but financed by foreign borrowing in the case of Portugal, Spain, Ireland,
Greece, and Hungary, these probabilities change. In the model with the interaction term between
credit growth and the current account, the chance of a banking crisis in Sweden falls to one-in-twenty

but the probability of a crisis in Spain rises to 70%.
5.  Sensitivity Analysis

To confirm the robustness of this paper's key result, we will first examine the estimation results from
the same regressions using the alternative measures of excess credit growth. The estimation results
using the other three measures of excess credit growth are presented in Tables 6-8. As the tables
show, the fact that the interaction term between credit growth and the current account is significant
continues to hold, and thus the result that the marginal effect of credit growth on the probability of a

crisis is robust to a number of different measures of excess credit growth.

Next we consider the results using an alternative banking crisis indicator in Laeven and Valencia
(2013). This banking crisis indicator is more conservative, and the unconditional probability of a
banking crisis in a given country-year is only 2.8% using the Laeven and Valencia indicator, as
opposed to 4.5% using the Reinhart and Rogoff indicator. The results using this alternative banking
crisis indicator as the dependent variable are presented in Table 9. The fact that the marginal effect of
credit growth on the probability of a crisis is a function of the current account continues to hold in the
linear probability specification, although this result is no longer statistically significant under the logit
specification.

11
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We then split the sample of 35 countries into 2 subsets of 20 developed or 15 emerging market
countries. The results from the benchmark specification using only a subset of 20 developed countries
is presented in Table 10, and the results from the subsample of 15 emerging markets are presented
in Table 11. The tables show that this result that the marginal effect of credit growth is a function of
the current account continues to hold across the two country subgroups, so this finding is not simply a

function of certain developed economies or certain emerging market economies.

Finally we examine the results when the current account variable used in the regression is not the

current account from one year, CA,_,, but is the average current account over the past five years, CA.
These results are presented in Table 12. The table shows that the key results continue to hold when

the current account variable is the average current account over the past five years.

0. Conclusion

This paper sets out to ask: is credit growth itself the cause of a banking crisis, or is it the combination

of credit growth and external deficits? Does the source of credit matter?

To answer this question we estimate the marginal effect of an increase in the private sector debt-to-
GDRP ratio on the probability of a banking crisis. There is a long literature suggesting that an increase
in debt increases the probability of a crisis. Similarly there is a long literature suggesting that an
increasing current account deficit increases the probability of a crisis. This paper shows that the
marginal effect of increasing debt on the probability of a crisis is highly dependent on an economy's
external position. When the current account is in surplus or in balance, and thus these rising debt
levels are financed at home, the marginal effect of an increase in debt is rather small; a 10
percentage point increase in the debt-to-GDP ratio increases the probability of a crisis by less than 1
percentage point. However, when the economy is running a sizable current account deficit, implying
that any increase in the debt ratio is financed through foreign borrowing, this marginal effect can be
large. When a country has a current account deficit of 10% of GDP (which is similar to the value in the
Eurozone periphery on the eve of the recent crisis) a 10 percentage point increase in the debt ratio

leads to a 5 percentage point increase in the probability of a crisis.
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Appendix

Country and Time Coverage
The full list of countries that are used in the estimation as well as the year that the data sample begins
in each country is presented in Table 13. In addition, the countries listed with bold lettering are

included in the subset of developed countries used in the estimation in Table 10.

Table 1. Means and Standard Deviations of the Variables in the Model

Mean S.D. across countries S.D. across time
Dir 445 20.35 13.87
AC;, (1) 3.27 18.58 19.48
AC; (2) 0.14 5.37 5.22
AC; (3) 0.83 17.10 17.43
AC;, (4) 12.84 17.10 18.27
CA;, 0.14 3.47 4.39
0G;, 0.00 2.79 2.38
Tt 24.25 54.44 74.37
XR;; 0.49 0.29 0.48

Notes: All values are in percentage terms. (1) represents the measure of excess credit growth where excess growth is defined
as the growth in the credit-to-GDP ratio in excess of what can be explained by growth in per capita GDP. (2) represents the
measure of excess credit growth where excess growth is defined as the growth in the credit-to-GDP ratio in excess of the HP
trend of credit growth. (3) represents the measure of excess credit growth where excess growth is defined as the growth in the
credit-to-GDP ratio in excess of its linear trend. (4) represents the measure of excess credit growth that is simply actual credit
growth and ignores any trend.

Table 2. Unconditional Correlations between the Variables in the Model

Die AC, (1)  AC, (2) AC, (3) AC,(4)  CAy 0G;, me  XRi
Pie 1.00
AC, (1)  0.16 1.00
ACy (2)  0.08 0.37 1.00
AC, (3)  0.17 0.89 0.45 1.00
AC, (4) 017 0.93 0.40 0.95 1.00
CAy -011  —0.18 —0.03 -0.25 —0.24 1.00
0G;, 0.17 0.05 0.06 0.26 0.25 -0.15  1.00
it 0.06 ~0.10 0.03 —0.07 -013  —0.09 —0.05  1.00
XR; 0.04 0.20 —0.06 0.13 0.22 -012 009 —0.15 1.00

Notes: All values are in percentage terms. (1) represents the measure of excess credit growth where excess growth is defined
as the growth in the credit-to-GDP ratio in excess of what can be explained by growth in per capita GDP. (2) represents the
measure of excess credit growth where excess growth is defined as the growth in the credit-to-GDP ratio in excess of the HP
trend of credit growth. (3) represents the measure of excess credit growth where excess growth is defined as the growth in the
credit-to-GDP ratio in excess of its linear trend. (4) represents the measure of excess credit growth that is simply actual credit
growth and ignores any trend.
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Table 3. Banking Crisis Predictor - OLS and Logit Estimates - Using the Primary Measure of
Excress Credit Growth

Dependent variable: Banking Crisis

oLS oLs oLs Logit Logit Logit
Credit 0.132* 0.161* 0.090 2.709* 2.575™* 2.814™*
(0.033) (0.034) (0.049) (0.724) (0.772) (1.039)
oG 1.442* 1.353" 1.316™ 23.673" 22497 22.574*
(0.264) (0.263) (0.264) (5.128) (5.155) (5.163)
CPI 0.124* 0.137* 0.140*" 1.976* 1.996™ 2.005™
(0.065) (0.064) (0.064) (0.997) (0.982) (0.982)
XR —-0.015 —0.020 —0.019 —0.481 —0.583 —0.579
(0.014) (0.014) (0.014) (0.346) (0.358) (0.358)
CA —0.270* —0.146 —0.072 —6.029" —2.908 —-3.476
(0.135) (0.138) (0.142) (3.295) (3.295) (3.725)
Credit*CA —-2.157" —0.854 —21.265" —26.824
(0.548) (0.843) (10.594) (19.383)
1¢4<0*Credit*CA —3.438" 10.927
(1.692) (32.576)
Marginal Effect
(1) Credit for CA=0% 0.132 0.158 0.089 0.083 0.081 0.087
(2) Credit for CA=+5% 0.050 0.047 0.033 0.027
(3) Credit for CA=-5% 0.266 0.304 0.128 0.129
Wald p-value (1=3) 0.000 0.000 0.009 0.088
Wald p-value (1=2) 0.000 0.311 0.009 0.173
Obs. 943 943 943 943 943 943
R? 0.053 0.067 0.070 0.130 0.139 0.139
AUROC 0.740 0.751 0.748 0.741 0.747 0.748

Notes: The R? is the adjusted R? in the case of OLS, the McFadden R? in the case of Logit. AUROC stands for area under
receiver operating characteristic curve. Standard errors in parenthesis. * denotes significance at the 10% level, ** denotes
significance at the 5% level, *** denotes significance at the 1% level.
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Table 4. Banking Crisis Predictor - OLS and Logit Estimates - Using the Primary Measure of
Excress Credit Growth. Results when the Current Account Variable is the Change in
the Current Account-to-GDP Ratio.

Dependent variable: Banking Crisis

oLS oLs oLS Logit Logit Logit
Credit 0.143*™* 0.143* 0.110* 2.838™* 2.840™* 2.475™*
(0.033) (0.033) (0.046) (0.692) (0.694) (0.940)
oG 1.501" 1.493" 1.506" 25.628" 25.603* 25.573"
(0.268) (0.270) (0.270) (5.034) (5.060) (5.053)
CPI 0.148™ 0.148* 0.148™ 2.135" 2.136™ 2.132*
(0.065) (0.065) (0.065) (0.973) (0.973) (0.974)
XR —-0.012 —0.012 —0.012 —0.403 —0.405 —0.396
(0.014) (0.014) (0.014) (0.340) (0.342) (0.342)
ACA —0.120 —0.113 —0.085 —3.363 —3.188 —2.229
(0.321) (0.322) (0.323) (7.270) (8.088) (8.272)
Credit*ACA —0.340 1.418 —1.537 17.627
(1.480) (2.257) (31.261) (44.355)
[ACA<0*Credit*ACA —4.368 —47.049
(4.233) (79.056)
Marginal Effect
(1) Credit for ACA=0% 0.143 0.143 0.112 0.090 0.090 0.079
(2) Credit for ACA=+5% 0.126 0.181 0.074 0.101
(3) Credit for ACA=-5% 0.160 0.258 0.107 0.139
Wald p-value (1=3) 0.818 0.314 0.741 0.487
Wald p-value (1=2) 0.818 0.530 0.741 0.781
Obs. 954 954 954 954 954 954
R? 0.049 0.048 0.048 0.120 0.120 0.121
AUROC 0.732 0.730 0.732 0.732 0.732 0.735

Notes: ACA is the change in the current account-to-GDP ratio from yearst —2 tot—1. The R? is the adjusted R? in the
case of OLS, the McFadden R? in the case of Logit. AUROC stands for area under receiver operating characteristic curve.
Standard errors in parenthesis. * denotes significance at the 10% level, ** denotes significance at the 5% level, *** denotes
significance at the 1% level.
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Table 5. The Probabilities of a Banking Crisis in 2008 for some Selected European Countries

Country AC;; CA P, (Crisis) P,(Crisis) P;(Crisis) Crisis?
ES 74.40 —9.62 48.72 72.88 70.94 Yes
PT 48.54 —-12.64 18.66 28.30 27.31 Yes
GR 40.26 —14.92 53.20 66.97 65.28 Yes
IE 143.04 —5.64 80.66 92.81 92.61 Yes
HU 68.43 -7.32 38.94 54.02 53.09 Yes
FI 27.74 2.61 12.49 9.62 9.55 No
NO 33.98 15.95 5.57 3.23 2.85 No
SE 68.24 9.04 16.81 6.21 5.50 No

Notes: Probabilities are calculated with a logit model, excess credit growth is measured as actual credit growth minus a fitted
value of credit growth based on growth in per capita income. P, (Crisis) is the estimated probabilities of a banking crisis in the
model without the interaction between credit growth and the current account, P,(Crisis) is the probability of a banking crisis in
the model with the interaction term, P;(Crisis) is the probability of a banking crisis in the model with the interaction term that
distinguishes between a current account deficit and surplus.
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Table 6. Banking Crisis Predictor - OLS and Logit Estimates - Using the Measure of Credit

Growth where the Trend is Defined with an HP Filter

Dependent variable: Banking Crisis

oLS oLS oLS Logit Logit Logit
Credit 0.298* 0.420™* —0.049 7.047* 6.052*" 2.559
(0.119) (0.124) (0.181) (2.792) (2.827) (4.433)
oG 1.412* 1.402™ 1.435" 24.123* 24.276" 24.757*
(0.263) (0.262) (0.260) (5.232) (5.263) (5.293)
CPI 0.093 0.091 0.087 1.569 1.543 1.501
(0.064) (0.064) (0.064) (1.085) (1.097) (1.107)
XR —0.005 —0.005 —0.002 —-0.122 —-0.121 —-0.129
(0.014) (0.014) (0.014) (0.322) (0.325) (0.326)
CA —0.335"" —0.290*" —0.257* —7.908"" —6.301" —4.631
(0.132) (0.132) (0.132) (3.364) (3.274) (3.588)
Credit*CA —-6.141™ 0.718 —94.151* —30.673
(1.918) (2.717) (38.735) (78.284)
1¢4<0*Credit*CA —23.630" —147.315
(6.669) (144.339)
Marginal Effect
(1) Credit for CA=0% 0.298 0.411 —0.047 0.225 0.190 0.082
(2) Credit for CA=+5% 0.104 —0.013 —0.021 0.013
(3) Credit for CA=-5% 0.718 1.097 0.401 0.393
Wald p-value (1=3) 0.001 0.000 0.002 0.011
Wald p-value (1=2) 0.001 0.792 0.002 0.653
Obs. 954 954 954 954 954 954
R? 0.043 0.052 0.063 0.112 0.124 0.127
AUROC 0.726 0.737 0.742 0.725 0.740 0.743

Notes: The R? is the adjusted R? in the case of OLS, the McFadden R? in the case of Logit. AUROC stands for area under
receiver operating characteristic curve. Standard errors in parenthesis. * denotes significance at the 10% level, ** denotes
significance at the 5% level, *** denotes significance at the 1% level.
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Table 7. Banking Crisis Predictor - OLS and Logit Estimates - Using the Measure of Excess
Credit Growth where Excess Credit Growth is Equal to Actual Credit Growth Minus a

Linear Trend

Dependent variable: Banking Crisis

oLS oLs oLs Logit Logit Logit
Credit 0.149** 0.177* 0.087 3.297" 3.087"* 3.645™
(0.039) (0.039) (0.056) (0.916) (0.984) (1.328)
oG 1.234" 1.058™ 1.007** 18.986"" 16.862*" 17.047*
(0.266) (0.267) (0.267) (5.186) (5.347) (5.345)
CPI 0.122* 0.143* 0.145* 2.071* 2.113* 2.147*
(0.064) (0.064) (0.064) (0.992) (0.965) (0.969)
XR —0.009 —-0.014 —0.013 —0.346 —0.457 —0.438
(0.014) (0.014) (0.014) (0.336) (0.348) (0.348)
CA —0.252* —0.125 —0.052 —5.364 —1.794 —2.809
(0.134) (0.136) (0.140) (3.309) (3.430) (3.874)
Credit*CA —=2.770™" —1.058 —27.660"" —41.533
(0.652) (1.014) (13.448) (26.095)
[¢4<0*Credit*CA —4.394*" 25.534
(1.997) (42.098)
Marginal Effect
(1) Credit for CA=0% 0.149 0.173 0.085 0.101 0.097 0.112
(2) Credit for CA=+5% 0.034 0.034 0.043 0.030
(3) Credit for CA=-5% 0.311 0.360 0.150 0.152
Wald p-value (1=3) 0.000 0.000 0.013 0.149
Wald p-value (1=2) 0.000 0.297 0.013 0.143
Obs. 954 954 954 954 954 954
R? 0.051 0.068 0.071 0.128 0.137 0.138
AUROC 0.741 0.759 0.752 0.741 0.754 0.756

Notes: The R? is the adjusted R? in the case of OLS, the McFadden R? in the case of Logit. AUROC stands for area under
receiver operating characteristic curve. Standard errors in parenthesis. * denotes significance at the 10% level, ** denotes
significance at the 5% level, *** denotes significance at the 1% level.
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Table 8. Banking Crisis Predictor - OLS and Logit Estimates - Using the Measure of Excess

Credit Growth where Excess Credit Growth is Equal to Actual Credit Growth

Dependent variable: Banking Crisis

oLS oLs oLS Logit Logit Logit
Credit 0.142** 0.168" 0.129 2.893* 2.710* 3.370™*
(0.037) (0.037) (0.052) (0.818) (0.874) (1.089)
oG 1.245" 1.063"* 1.038"* 19.619" 17.577* 17.927**
(0.265) (0.267) (0.268) (5.176) (5.339) (5.353)
CPI 0.131* 0.152* 0.152* 2.173* 2.209* 2.230™
(0.065) (0.064) (0.064) (1.005) (0.978) (0.981)
XR —-0.014 —0.018 —0.016 —0.439 —0.544 —0.536
(0.014) (0.014) (0.014) (0.342) (0.355) (0.354)
CA —0.254" 0.163 0.168 —5.637* 0.550 —0.360
(0.134) (0.166) (0.166) (3.300) (3.992) (4.036)
Credit*CA -2.611" —1.825" —24.735™ —44.898"
(0.619) (0.969) (12.134) (24.438)
[€4<0*Credit*CA —1.653 32.102
(1.566) (34.468)
Marginal Effect
(1) Credit for CA=0% 0.142 0.164 0.127 0.089 0.085 0.103
(2) Credit for CA=+5% 0.034 0.038 0.035 0.002
(3) Credit for CA=-5% 0.295 0.303 0.136 0.133
Wald p-value (1=3) 0.000 0.001 0.010 0.306
Wald p-value (1=2) 0.000 0.060 0.010 0.115
Obs. 954 954 954 954 954 954
R? 0.051 0.067 0.068 0.126 0.135 0.138
AUROC 0.738 0.756 0.753 0.738 0.753 0.759

Notes: The R? is the adjusted R? in the case of OLS, the McFadden R? in the case of Logit. AUROC stands for area under
receiver operating characteristic curve. Standard errors in parenthesis. * denotes significance at the 10% level, ** denotes
significance at the 5% level, *** denotes significance at the 1% level.
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Table 9. Banking Crisis Predictor - OLS and Logit Estimates - Using the Primary Measure of
Excress Credit Growth. Results using the Laeven and Valencia Banking Crisis

Indicator.
Dependent variable: Banking Crisis
oLS oLS oLs Logit Logit Logit
Credit 0.152*** 0.167** 0.066" 3.831" 3.818™* 3.234™
(0.025) (0.025) (0.037) (0.804) (0.848) (1.211)
oG 1.430"* 1.356™* 1.282* 37.170" 35.620"" 35.147*
(0.198) (0.197) (0.197) (6.341) (6.418) (6.451)
CPI 0.042 0.055 0.057 1.079 1.178 1.189
(0.051) (0.051) (0.051) (1.750) (1.728) (1.726)
XR —0.006 —0.010 —0.008 —0.402 —0.482 —0.459
(0.011) (0.011) (0.010) (0.442) (0.455) (0.459)
CA 0.005 0.103 0.205* 1.431 3.976 4.749
(0.104) (0.105) (0.108) (3.560) (3.576) (3.779)
Credit*CA —-1.887"" 0.045 —16.402 —5.426
(0.417) (0.659) (10.876) (19.381)
[¢4<0*Credit*CA —4.882™ —22.985
(1.296) (32.009)
Marginal Effect
(1) Credit for CA=0% 0.152 0.165 0.066 0.051 0.051 0.044
(2) Credit for CA=+5% 0.070 0.068 0.049 0.051
(3) Credit for CA=-5% 0.259 0.308 0.054 0.056
Wald p-value (1=3) 0.000 0.000 0.821 0.486
Wald p-value (1=2) 0.000 0.945 0.821 0.669
Obs. 1005 1005 1005 1005 1005 1005
R? 0.077 0.094 0.106 0.232 0.239 0.241
AUROC 0.762 0.790 0.788 0.763 0.788 0.801

Notes: The R? is the adjusted R? in the case of OLS, the McFadden R? in the case of Logit. AUROC stands for area under
receiver operating characteristic curve. Standard errors in parenthesis. * denotes significance at the 10% level, ** denotes
significance at the 5% level, *** denotes significance at the 1% level.
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Table 10. Banking Crisis Predictor - OLS and Logit Estimates - Using The Primary Measure of

Excress Credit Growth. Results for only the Subset of Developed Countries.

Dependent variable: Banking Crisis

oLS oLS oLs Logit Logit Logit
Credit 0.126™* 0.161™* 0.145* 2.556™* 2.470 4.343*
(0.039) (0.039) (0.059) (0.898) (0.986) (1.353)
oG 1.643"* 1.482* 1.474* 32.023" 29.630" 30.774*
(0.353) (0.352) (0.352) (8.240) (8.371) (8.466)
CPI 0.151 0.349" 0.344* 4.621 6.885 7.264"
(0.186) (0.190) (0.191) (4.200) (4.304) (4.276)
XR —-0.011 —-0.017 —-0.016 —0.386 —-0.474 —0.503
(0.016) (0.016) (0.016) (0.428) (0.440) (0.440)
CA —0.302 0.288 0.284 —4.122 5.066 4.117
(0.187) (0.237) (0.237) (4.372) (5.937) (5.995)
Credit*CA —-3.315™ —2.940™ —37.054™ —123.514*"
(0.828) (1.352) (17.905) (54.494)
1¢4<0*Credit*CA —0.724 115.265"
(2.067) (67.482)
Marginal Effect
(1) Credit for CA=0% 0.126 0.158 0.143 0.071 0.070 0.108
(2) Credit for CA=+5% —0.008 —0.002 0.025 —0.073
(3) Credit for CA=-5% 0.324 0.328 0.114 0.100
Wald p-value (1=3) 0.000 0.005 0.055 0.827
Wald p-value (1=2) 0.000 0.030 0.055 0.074
Obs. 632 632 632 632 632 632
R? 0.051 0.073 0.072 0.137 0.155 0.170
AUROC 0.762 0.790 0.788 0.763 0.788 0.801

Notes: The R? is the adjusted R? in the case of OLS, the McFadden R? in the case of Logit. AUROC stands for area under
receiver operating characteristic curve. Standard errors in parenthesis. * denotes significance at the 10% level, ** denotes
significance at the 5% level, *** denotes significance at the 1% level.
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Table 11. Banking Crisis Predictor - OLS and Logit Estimates - Using the Primary Measure of
Excress Credit Growth. Results for only the Subset of Emerging Market Countries.

Dependent variable: Banking Crisis

oLS oLS oLS Logit Logit Logit
Credit 0.184* 0.218"* 0.040 3.935* 3.556™ 1.203
0.074 0.076 0.107 1.675 1.760 2.877

oG 1.208"* 1.130"* 1.048™ 17.515" 16.666™ 15.804*
0.419 0.418 0.417 6.935 7.040 7.076
CPI 0.100 0.109 0.111 1.643 1.670 1.609
0.077 0.077 0.076 1.077 1.075 1.077

XR —0.004 —-0.015 —0.026 —0.653 —0.848 —-1.060
0.032 0.033 0.033 0.741 0.792 0.869

CA —0.182 —0.294 —0.140 —6.030 —5.929 —3.595
0.223 0.229 0.236 5.762 5.704 5.546

Credit*CA —-2.037* 0.188 —23.521 14.203

1.019 1.382 23.860 44.988

[€4<0*Credit*CA —8.855" —-96.446

3.747 88.630

Marginal Effect

(1) Credit for CA=0% 0.184 0.212 0.040 0.126 0.116 0.042
(2) Credit for CA=+5% 0.110 0.049 0.049 0.058
(3) Credit for CA=-5% 0.314 0.473 0.183 0.182
Wald p-value (1=3) 0.046 0.004 0.160 0.153
Wald p-value (1=2) 0.046 0.892 0.160 0.853
Obs. 311 311 311 311 311 311
R? 0.045 0.054 0.068 0.134 0.140 0.149
AUROC 0.722 0.724 0.724 0.735 0.733 0.745

Notes: The R? is the adjusted R? in the case of OLS, the McFadden R? in the case of Logit. AUROC stands for area under
receiver operating characteristic curve. Standard errors in parenthesis. * denotes significance at the 10% level, ** denotes
significance at the 5% level, *** denotes significance at the 1% level.
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Table 12. Banking Crisis Predictor - OLS and Logit Estimates - Using the Primary Measure of
Excress Credit Growth. Results when the Current Account Variable is the Average
Current Account over the Past 5 Years.

Dependent variable: Banking Crisis

oLs oLS oLs Logit Logit Logit
Credit 0.128* 0.150™* 0.108* 2.556" 2.398* 2.643™
(0.034) (0.035) (0.051) (0.731) (0.753) (1.082)
oG 1.507* 1.464" 1.458" 23.879" 23.675" 23.689"
(0.272) (0.272) (0.272) (5.032) (5.005) (5.013)
CPI 0.125* 0.133* 0.134*" 1.932* 1.927* 1.933"
(0.066) (0.066) (0.066) (1.008) (1.003) (1.003)
XR —0.012 —0.016 —-0.016 —0.388 —0.451 —0.449
(0.015) (0.015) (0.015) (0.351) (0.359) (0.359)
CcA —0.335" —0.203 —0.160 —6.983" —4.157 —4.608
(0.154) (0.160) (0.165) (3.825) (4.175) (4.401)
Credit*CA —-1.733" —0.954 —16.005 —22.404
(0.602) (0.928) (13.263) (24.040)
[€A<0xCredit*CA —2.089 12.342
(1.894) (39.403)
Marginal Effect
(1) Credit for CA=0% 0.128 0.146 0.106 0.083 0.078 0.085
(2) Credit for CA=+5% 0.059 0.060 0.034 0.027
(3) Credit for CA=-5% 0.232 0.260 0.123 0.122
Wald p-value (1=3) 0.004 0.022 0.029 0.226
Wald p-value (1=2) 0.004 0.304 0.029 0.267
Obs. 890 890 890 890 890 890
R? 0.053 0.060 0.060 0.126 0.130 0.130
AUROC 0.722 0.724 0.724 0.735 0.733 0.745

Notes: CA is the average value of the current account-to-GDP ratio from years t — 5 to t — 1. The R? is the adjusted R? in the
case of OLS, the McFadden R? in the case of Logit. AUROC stands for area under receiver operating characteristic curve.
Standard errors in parenthesis. * denotes significance at the 10% level, ** denotes significance at the 5% level, *** denotes
significance at the 1% level.
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Table 13. The Countries Used in the Estimations and the Year that the Sample Begins in Each

Country
Country Year sample begins
Argentina 2002
Austria 1975
Australia 1975
Belgium 1979
Brazil 1999
Canada 1975
Switzerland 1980
China 1990
Germany 1975
Denmark 1984
Spain 1979
Finland 1979
France 1977
Greece 1984
Hungary 2000
Indonesia 1988
Ireland 1990
India 1975
ltaly 1975
Japan 1975
South Korea 1979
Mexico 1985
Malaysia 1984
The Netherlands 1975
Norway 1979
Poland 1998
Portugal 1979
Russia 2000
Sweden 1979
Singapore 2002
Thailand 1985
Turkey 1992
United Kingdom 1975
United States 1975
South Africa 1975
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Figure 1. The marginal effect of credit growth on the probability of a banking crisis. Blue solid
line is the marginal effect from the model with no interaction term. The red dashed line is from
the model with an interaction term, the green dash-dot line is from the model with an
interaction term that distinguishes between a current account surplus or deficit. The faint
dotted lines represent 90% confidence bands.
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Figure 2. Receiver operating characteristic curves for each of our three logit models. Blue
solid line is from the model with no interaction term. The red dashed line is from the model
with an interaction term, the green dotted line is from the model with an interaction term that

distinguishes between a current account surplus or deficit.
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