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Abstract

This paper uses a Financial Stress Index (FSI) for 13 OECD countries to examine which
variables can help predicting financial stress. A stress index measures the current state
of stress in the financial system and summarizes it in a single statistic. We employ three
criteria for indicators to be used in constructing a multi-country FSI (the index covers
the entire financial system, indicators used are available at a high frequency for many
countries for a long period, and are comparable) to come up with our FSI. Our results
suggest that financial stress is hard to predict. Only credit growth has predictive power
for most countries. Several other variables have predictive power for some countries,
but not for others.
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1. Introduction

Financial crises often result from financial imbalances that at some point unwind,
potentially causing widespread financial strains (Borio and Drehmann, 2009). Several
papers suggest that credit and asset prices tend to grow at unusually high rates in
periods prior to financial crises (Borio and Lowe, 2002).1 In research on early warning
indicators, crises are generally measured by simple binary variables and are treated as
banking, debt, and/or currency phenomena, rather than system-wide events (Illing and
Liu, 2006). Furthermore, in industrial countries financial crises occur at a low frequency,
which makes it hard to examine regularities. Finally, the focus on crisis events does not
lend itself to a quantification of stress levels prevailing during different stages of a
particular crisis episode or during different financial crises in the same economy (Hollo
etal., 2010).

Alternatively, some recent studies have therefore come up with a Financial Stress
Index, be it for one country (Illing and Liu, 2006; Hakkio and Keeton, 2009) or for
several countries (Cardarelli et al., 2009; Holmfeldt et al., 2009, Hollo et al.,, 2010). A
stress index measures the current state of stress in the financial system and summarizes
it in a single statistic. Financial stress can be defined as an interruption of the normal
functioning of the financial system (ECB, 2009). It is difficult to provide a more exact
definition, because episodes of financial stress are often different. However, certain key
features are frequently associated with financial stress, like increased uncertainty about
the fundamental value of assets, increased uncertainty about behavior of other
investors, increased asymmetry of information, decreased willingness to hold risky
assets, and decreased willingness to hold illiquid assets (Hakkio and Keeton, 2009).
Financial stress is a continuum with financial crises at one extreme.

This paper uses a Financial Stress Index (FSI) for 13 OECD countries to examine
whether a long list of variables can help predicting financial stress. We employ three
criteria for indicators to be used in constructing a multi-country FSI: the index should
cover the entire financial system, indicators used should be available at a high frequency

for many countries for a long period, and they should be comparable. The novelty of our

1 While performing fairly well with the benefit of hindsight, leading indicators based on those variables
might work well in sample, but not out of sample. Borio and Drehmann (2009) assess the out-of-sample
performance of those indicators over the period 2004 to 2008 and find that equity prices fail to issue
warnings of the recent financial crisis.



paper is not that we develop yet another FSI. Our main contribution is that we examine
to what extent financial stress can be predicted. We examine whether several variables
that have been suggested in the literature - like credit growth and asset prices - have
leading indicator properties.

The paper that comes closest to ours is Misina and Tkacz (2009) who try to
identify leading indicators for the financial stress index of Illing and Liu (2006) for
Canada. We extend their analysis in three directions: (1) more variables will be tested
for their leading indicator properties both in sample and out of sample, (2) our analysis
refers to 13 countries, and (3) a new stress index will be used to make cross country
comparisons possible.

Our results suggest that financial stress is hard to predict. Only credit growth
turns out to have some predictive power for most countries. Several other variables
have predictive power for some countries, but not for others. In this respect our findings
echo the conclusions of Rose and Spiegel (2009; 2010), who were unable to find
consistent strong linkages between variables that are plausible causes of the Great
Recession and the actual intensity of the recession.

The paper is structured as follows. Section 2 describes our FSI and compares it
with alternative indicators. Section 3 outlines the variables used to test for their leading
indicator properties and our methodology, while section 4 presents our main findings.

Section 5 offers a sensitivity analysis. Section 6 concludes.

2. Constructing a Financial Stress Index

Table 1 shows the indicators used for constructing a stress index by Illing and Liu
(2006), Hakkio and Keeton (2009), Cardarelli et al. (2009) and Holmfeldt et al. (2009).2
To be included in a FSI that can be used for our purposes, an indicator should meet the
following criteria. First, it should be available for many countries for a long period at a
sufficiently high frequency. Second, it should be comparable across countries. Finally,

the FSI should cover the entire financial system, i.e.,, money, bond, and equity markets,

2 Other recent studies include Hollo et al. (2010), ECB (2009) and Yiu et al. (2010). Hollo et al. (2010)
constructed their so-called Composite Indicator of Systemic Stress (“CISS”) for the euro area as a whole
(see section 5 for more details). The ECB (2009) developed a parsimonious global index of financial
turbulence (GIFT) based on a limited set of indicators capturing stress in fixed income, equity and foreign
exchange markets. This index is calculated for 29 main economies. Yiu et al. (2010) constructed a monthly
financial stress index inspired by Illing and Liu (2006) for the Hong Kong financial system.



the banking sector, and the foreign exchange market (Hollo et al., 2010). On the basis of
these criteria, our FSI takes into account: stock prices volatility, the corporate bond
spread, the TED spread, the beta of the banking sector, and exchange rate volatility. We
will explain these indicators first and then explain how we have combined them into an

index.

[Insert Table 1 here]

Most financial stress indexes include stock price volatility assuming that large
swings in stock prices indicate financial imbalances in the equity market. Our index also
takes stock price volatility into account. Following Cardarelli et al. (2009), time-varying
stock return volatility has been derived from a GARCH(1,1) specification (Bollerslev et
al., 1992). Data come from the OECD.

FSIs also often include some indicator of interest rate differentials in the bond
market. Unfortunately data for the government bond market is not available for the full
sample period for all countries in our sample. However, data for the spread for the bond
market, defined as corporate bond yield minus long-term government bond yield, are
available for all the countries in the sample and this indicator is therefore included in
our index. A rise in the spread reflects a flight to quality and liquidity.

Most stress indexes include a measure for the money market, like the TED
spread, i.e., the yield difference between an unsecured inter-bank loan and a Treasury
bill. Hakkio and Keeton (2009) show that the correlation between the TED spread and
bond market spreads is often relatively low. The TED spread reflects credit risk and
liquidity risk. It also captures stress in the banking sector as the premium captures
counterparty risk.

Another indicator of stress in the banking sector that is included in our index is
the so-called 3 of the banking sector, which is calculated as follows:

cov(b,m)

p= 2N (1)

var(m)
where (3 is the total change of the banking sector equity index and m is the total change
of the market sector equity index. If beta exceeds 1, the returns for the banking sector

are more volatile than the returns for the overall market.



Finally, the volatility of monthly changes in the nominal effective exchange rate is
included in our index. Like stock price volatility, this indicator is derived using a
GARCH(1,1) specification for the monthly change of the real effective exchange rate. This
volatility reflects investors’ uncertainty about the fundamental value of the currency and
about the investment behavior of other agents (Cardarelli et al.,, 2009).

The FSI is calculated for 13 OECD countries: Australia, Belgium, Canada,
Denmark, France, Germany, Italy, the Netherlands, Spain, Sweden, the UK and the US.
Unless indicated otherwise, the data is obtained from the IMF. All variables are
standardized, i.e. we subtract the mean and divide by the standard deviation. Our index
is the un-weighted sum of the standardized variables. A justification for giving all the
variables the same weight is that this makes the index easy to interpret. Gadanecz and
Jayaram (2009) argue that using weighting factors may represent the financial system
better, but Illing and Liu (2006) show that weighting does not make much of a
difference.3

The interpretation of the FSI is very straightforward. If the index is above 0, it
indicates stress; if it is below 0, the financial system is stable. A crisis is defined as a
period where the index exceeds the threshold of one standard deviation.

Figure 1 shows the aggregate financial stress index for the countries in our
sample, using GDP as weights. It is clear that episodes of severe international financial
imbalances as identified by Cardarelli et al. (2009) coincide with strong increases of our
index. For instance, the LTCM crisis of 1998 and the ERM crisis in 1992 show up very
clearly. Also the banking crises in the Nordic countries in 1991 and the recent financial

crisis are picked up by the index.

[Insert Figure 1 here]

Table 2 shows the correlation of our financial stress index and some other FSIs. The

correlation coefficients are generally above 0.8, which indicates that the various indexes

3 In contrast, Hollo et al. (2010) argue that if their index were calculated as a simple arithmetic average -
which implicitly assumes perfect correlation across all sub-indices all the times - it would not be able to
differentiate between the aggregate levels of stress prevailing, for example, in the aftermath of September
11, 2001 and during the first year of the current “subprime” crisis. That is why we apply one of their
weighting schemes in the sensitivity analysis as (section 5).



are fairly similar. Particularly interesting is the index of Hakkio and Keeton (2009) for
the United States. Even though we cannot use many of the variables suggested by these
authors (see Table 1) as they are not available for all countries in our sample, the

correlation between our index and the FSI of Hakkio and Keeton is 0.87.

[Insert Table 2 here]

3. Forecasting variables and methodology

Data

Early warning indicators of financial stress should satisfy 3 requirements: (1) the data
should be available on a quarterly basis, (2) there should be an economic mechanism
that relates the variable to economic stress, and (3) the data should be available for a
sufficient number of countries in our sample.

The variables used in this study are drawn from the literature. Several studies
suggest that a financial crisis is often preceded by a fierce credit expansion and asset
price increases (Kindleberger and Aliber, 2005). Furthermore, there are numerous
studies that empirically link asset prices and credit growth to the financial cycle (Borio
and Lowe, 2002; Adalid and Detken, 2007; Goodhart and Hoffman, 2008). This literature
suggests that developments in the credit and assets market can provide early warning
indicators of financial stress. Indeed, Misina and Tkacz (2009) report that within a linear
framework, domestic credit growth is the best predictor of the FSI for Canada at all
horizons, resulting in marginally lower prediction errors compared to the base model,
while asset prices tend to be better predictors of stress when they allow for
nonlinearities. However, many other variables have been analyzed as well. For instance,
Goldstein et al. (2000) have tested various variables for their forecasting power for
currency and banking crises. Other authors have extended this research in different
directions and tested a myriad of other variables. Lestano et al. (2003) summarize these
studies, classifying the variables used into 4 categories: external sector, financial sector,
real sector and foreign sector.

We follow the classification of Lestano et al. (2003). Table 3 shows the variables

that we have examined. Column 1 presents the names of the variables, while columns 2



and 3 indicate the expected sign and the notation of the variables, respectively. Column
4 gives the economic intuition for the relation between the variable concerned and

financial stress.

[Insert Table 3 here]

Methodology

The purpose of the present study is to find variables that are able to signal financial
stress in subsequent periods. We use two different approaches. First, we estimate
models for the entire sample period in which (lagged values of) the variables of interest
are added to the lagged values of the stress index, to examine whether the variables of

interest add explanatory power. That is, we estimate

ESli=a + (meSIt—m + AnXen + Ut (2)

Where X are the variables to be tested for their forecasting abilities as outlined in Table
3. The test is a t-test whether XA, is significantly different from zero. To determine the
number of lags for FSI (m) and X (n), Akaike’s Information Criterion is used. In this
approach, we test whether in sample the variables in X add explanatory power.
Alternatively, we follow Misina and Tkacz (2009) to examine whether the
variables in X enhance the out of sample forecasting properties of the model. In order to
evaluate the marginal contributions of the various explanatory variables, we compare
augmented models with a simple linear benchmark in which the current FSI is simply a

function of the k-quarter lagged FSI:

FSI = c + BFSIek + €1 3)

In the augmented models, additional explanatory variables X (potential leading
indicators of financial stress) will be added one by one. For X we use the same number of

lags (k) as for FSI:
FSI = c + B1FSIex + YXek + €21 (4)

In order to come up with a dynamic forecast, the data set for each country will be split.

The first half of the dataset will be used to estimate the parameters. The estimated
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parameters of the benchmark and the augmented model will be used to forecast the FSI
in the subsequent quarter. This means that the forecast is made for time ¢t+1 with all the
information that is available at time t. Next, one quarter is added to the sample and the
parameter estimates are updated using all information that is available at time t+1. The
FSI forecast for the subsequent quarter t+2 is based on these updated models. This
procedure is repeated until the end of the sample for different lag lengths (k=1, 2, 4 and
8).

In line with Misina and Tkacz (2009) and Lam et al. (2008) the root mean
squared error (RMSE) will be calculated to evaluate the performance of the forecasting

power of the benchmark and the augmented models:

2

1 A
RMSE = \/E,,(FS]—FSI) 5)

where (FAS]‘ F'SD) is the difference between the forecasted financial stress index and the
actual financial stress index. We will evaluate the forecasting abilities of the augmented
and the benchmark models using the ratio of the RMSE of model (4) relative to that of
model (3). When this ratio is below 1.0, the additional explanatory variable improves
the forecast relative to the benchmark model. To determine whether the ratio differs
significantly from 1, we again follow Misina and Tkacz (2009) and employ a test
proposed by McCracken (2007).

Following Lam et al. (2008), we also test whether the augmented model forecasts
the direction of change of the stress index correctly, using a direction of change (DoC)
statistic. If a model predicts the direction of change of financial stress for a specific
quarter correctly, the DoC statistic is one, while a zero will be assigned if the model does
not predict the direction of change correctly. We then sum these statistics for the
benchmark and the augmented model and use the ratio of these sums to calculate our
DoC statistic. Again, a value of 1 of this statistic indicates that the models perform
equally well, a value smaller than one indicates that the augmented model performs

better and a value larger than one indicates that it performs worse.



4. Empirical results

We have tested 30 variables for their leading indicator properties.* Table 4 shows the
results for equation (2). The results are rather disappointing. Only two variables (the
MSCI stock index and the local stock index) come out significant in 7 out of the 13
models estimated. Interestingly, the coefficient of the stock indexes is negative,
suggesting that higher stock prices reduce financial stress. Other variables that often
have been suggested being related to financial stress, like credit and real estate prices,

turn out to be insignificant in most regressions.

[Insert Table 4 here]

Next we focus on the forecasting properties of the variables identified in Table 3.
Table 5 shows the results for the RMSE test, while Table A2 in the Appendix shows the
results for the DOC test.

[Insert Table 5 here]

Various conclusions can be drawn from Table 5. First, the results differ substantially
across countries. The number of variables with leading indicator properties ranges from
1 (Sweden at k=1) to 13 (Spain at k=2). Second, the variable that comes out most
significant is credit growth. Especially business credit is able to improve the forecast in
ten out of the thirteen countries for lag four. Misina and Tkacz (2009) also find that
business credit is a good variable that performs well in Canada, but Rose and Spiegel
(2009, 2010) do not find that credit growth is a leading indicator for the recent financial
crisis in their cross country study. Interestingly, we also find that for k=2 oil prices and
inflation turn out to be significant quite often.

Our results suggest that residential real estate and stock prices are not improving
the forecast for most countries. This is in contrast to Borio and Lowe (2002), Adalid and

Detken (2007), Goodhart and Hoffman (2008) and Hanschel and Monnin (2005). The

4 Not all the time series for all the countries are available; Table A1 in the Appendix shows which variables
are used for each country.



weak performance of the residential real estate variable may be caused by the way in
which the index is constructed. Especially for the Euro zone countries data about real
estate is very sparse and to construct this index a lot of interpolation and estimation is
used. It is, of course, also possible that increasing housing prices take longer to lead to
financial stress (recall that our maximum forecast horizon is eight quarters).

The results for the DoC statistic as reported in Table A2 are again rather
disappointing. The differences between the benchmark model and the augmented model
are generally very small, suggesting that the variables tested for their leading indicator

properties do not provide much information as to the direction of change of the FSI.

5. Sensitivity analysis
In this section we examine the robustness of our findings addressing the aggregation of
indicators into our FSI and examining a non-linear relationship between potential
leading indicators and our FSI.

First, we check whether our index depends heavily on the aggregation method
chosen. As explained in section 2, our stress index is the un-weighted sum of the
standardized indicators. As an alternative, we follow Hollo et al. (2010) and calculate the

FSI as follows:

FSI=4[y,C,y, (6)
where y = (w*s) where w= (w1,w2,w3w4,ws) is the vector of (constant) sub-index
weights, s is the vector of sub-indices; w*s is he Hadamard-product (i.e. element by
element multiplication of the vector of sub-index weights and the vector of sub-index
values in time t) and C; is the matrix of time-varying cross-correlation coefficients pj
between the sub-indices i and j. So in this alternative stress index, the indicators are
aggregated on the basis of weights, which reflect their time-varying cross-correlation
structure. Figure A1l in the appendix shows for each country our FSI and the index
calculated following Hollo et al. (2010). The graphs suggest that the use of this
alternative aggregation method does not give qualitatively different results.

Next, we check for the existence of a non-linear relationship between the
indicators and our FS], following a similar method as van den End (2006). Extreme

changes in the forecasting variables were included exponentially to allow for non-linear
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effects of the forecasting variable on the stress index. Changes of more than two
standard deviations were squared and added to the change in the growth rate. With the
newly created forecasting variables the forecasting exercise was repeated. We did not
find substantive differences in the number of improving variables compared with the

linear model. The results for the non-linear effects models are available on request.

6. Conclusion

The aim of this paper was to identify variables that have leading indicators properties
for financial stress. For that purpose, we first constructed a financial stress index (FSI)
for 13 OECD countries (Australia, Belgium, Canada, Denmark, France, Germany, Italy, the
Netherlands, Spain, Sweden, the UK and the US). We have used three criteria for
indicators to be used in constructing our FSI (the index should cover the entire financial
system, indicators used should be available at a high frequency for many countries for a
long period, and they should be comparable) to come up with our FSI. Our stress index is
very similar to other stress indexes that were previously developed. Episodes of severe
international financial imbalances as identified by Cardarelli et al. (2009) coincide with
strong increases of our index.

In order to test the leading indicator properties of some 30 variables that have
been suggested in the literature, we used two different approaches. First, we estimated
models for the entire sample period for which we have data in which (lagged values of)
the variables of interest are added to the lagged values of the stress index, to examine
whether the variables of interest add explanatory power. Second, we followed Misina
and Tkacz (2009) to examine whether variables enhance the out of sample forecasting
properties of the model.

The results that are found in this study are somewhat bleach. There are only a
few variables that are able to improve the forecast for a high number of countries and
when there are improvements in the forecast they are all rather marginal. Our results
suggest that financial stress is hard to predict. Only credit growth turns out to have
some predictive power for most countries. Several other variables have predictive
power for some countries, but not for others. Notably, residential real estate and share

prices are not performing as expected on the basis of the literature.
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For policymakers it would be interesting to monitor the credit aggregates very
closely. These variables seem to be the best leading indicators of financial stress. That
does not mean, however, that this study makes it a straightforward exercise for policy
makers. Most importantly, this is due to the fact that even for credit growth the results

differ across countries.
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Table 1. Financial stress indexes: a comparison

Variable:

Hakkio and Keeton

(2009)

Illing
(2006)

and

Liu

Cardarelli et

(2009)

al.

Holmfeldt

(2009)

et al

TED spread

Ni

N

2 year swap spread

Off-the-run/on-the-
run Treasury spread

AAA/10 year Treasury
spread

Baa/AAA spread

High yield bond/Baa
spread

Consumer ABS/5 year
Treasury spread

e s T N R

Slope of the yield
curve

Corporate bond spread

Commercial paper/T-
bill spread

Bid-ask spread on 90-
day Government of
Canada Treasury bills

Covered interest
differential with US

U U U U N

Stock market returns

<

Volatility stock
prices/return

Correlation between
stock and Treasury
returns

Volatility of bank
stock prices

Dispersion bank stock
returns

Rolling beta banking Ni v
sector

Exchange rate N Vi
volatility

Indicators in italics are included in our FSI.
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Table 2. Correlation of different stress indexes and our FSI

Country: Cardarelli et al. Holmfeldt et al. Hakkio and Keaton
(2009) (2009) (2009)
Australia 0.897 0.833 --
Austria 0.883 0.842 --
Belgium 0.899 0.881 --
Canada 0.906 0.824 --
Denmark 0.894 0.861 --
Finland 0.829 0.808 --
France 0.905 0.898 --
Germany 0.902 0.870 --
Italy 0.889 0.793 --
Japan 0.839 0.792 --
Netherlands 0.912 0.874 --
Norway 0.867 0.807 --
Spain 0.836 0.773 --
Sweden 0.876 0.848 --
Switzerland 0.906 0.824 --
United Kingdom 0.895 0.872 --
United States 0.911 0.891 0.871
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Table 3. Variables tested for leading indicator properties

Variable | Sign | Notation | Intuition
Current account
Real exchange rate + RER Low exports, high imports and overvaluation of the currency lead to
Import growth IMP external weaknesses and deteriorations in the current account. If the
Export growth - EXP deterioration is big enough to raise the ratio of current account to GDP,
Terms of trade + TOT capital inflows could facilitate asset price booms and credit booms and
Current account/GDP | + CUA subsequent stress on the capital market and banking sector when the
bubbles burst.
The external weaknesses can alter the competitiveness and subsequently
lead to recession which provokes stress in the banking sector and on the
capital markets because businesses and consumers going bankrupt and
cut spending so that loans become non-performing.
Capital account
Foreign exchange - FEX Declining reserves could indicate currency problems and thereby lead to
reserves growth. stress as described above. If the capital inflow surpassing underlying
Foreign direct + FDI current account deficits, domestic credit expansion can lead to a boom
investments/Portfolio and current account deficits widens. The bubble can burst followed by a
investments sudden reversal of the capital flow that drains reserves and leads to
credit contraction. The composition of the capital inflow is another
important factor. If it is dominated by short term loans there is a maturity
and currency mismatch that can lead to banking and currency stress. And
there is less risk of sudden withdrawals when the money is invested by
FDI over portfolio investment.
Financial sector
M1 and M2 growth + M1 and M2 Rapid growth in credit caused by monetary expansion could be associated
M2 money multiplier | + M2M with higher risk taking by lenders. If borrowers find it more difficult to
Domestic total credit + TCR service the debt the stress in the banking sector will increase due to an
Domestic business + BCR increase in non-performing loans. Contractions in bank deposits and
credit sudden changes in the domestic interest rates could lead to problems in
Domestic household ¥ HCR the banking sector and the capital market by affecting profits and the
credit trust in the financial system. Big lending deposit rate spreads can signal
Domestic housing + MCR loosing willingness that banks lend to each other or a decline in the loan
credit quality.
Domestic interest rate | + DIR Loose monetary policy could lead to currency crises as well, see above for
Lending and deposit | + L/DR more information.
rate spread
Commercial bank - CDP
deposits
Ratio bank reserves - BR/BA
to bank assets
Real and public sector
GDP growth - GDP GDP reflects the general condition of an economy. If GDP goes down this
Inflation core + INFcor signals weak economic performance and borrowers find it more difficult
Inflation total + INFtot to service the loans, which leads to pressure on banks. Deteriorating
Investment/GDP - INV performance of the bank can lead to a decline in the trust in the financial
Savings/GDP - SAV system. The inflation rate can affect the real interest rate, which affects
the interest risk of banks, and can be important for the allocation
between borrowers and lenders. Overinvestment can lead to losses that
can affect banks, while savings can make the financial system more
robust.
Asset prices
Residential real estate | + RRE A rise in asset prices can increase consumption due to the wealth effect.
prices This increases economic growth. If asset prices suddenly drop the balance
Commercial real + CRE sheets of households and firms will shrink which leads to more non-
estate performing loans and a weaker economic growth with accompanying
Stock prices + SPR consequences described above.
If the loans are collateralised a decline in asset prices leaves lenders with
more risk. The fall in stock prices increases stress in the system by a fall
in profits from assets that investors hold and by a reduction in
commission and fees.
Foreign sector
0il prices + OPR The financial system and economy is internationally very connected. The
World gold price + GPR domestic stress will be influenced by international events. The business
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MSCI

MSCI

cycle will be influenced by the business cycles of other countries. The
stress will be influenced by asset, credit and interest developments in
foreign countries by affecting the capital flows.

The table indicates the sign of the relation between the explanatory variables and financial stress and

gives the intuition about the relation.
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Figure 1. Aggregate financial stress index and financial crises

In this graph the y-axis represents the value of the financial stress index, while the x-axis represents time.

Vertical lines indicate crises dates as identified by Cardarelli et al. (2009).
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