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Abstract

This paper proposes an original and unified toolbox to evaluate financial crisis
early-warning systems (EWS). It presents four main advantages. First, it is a
model free method which can be used to assess the forecasts issued from different
EWS (probit, logit, Markov switching models, or combinations of models). Second,
this toolbox can be applied to any type of crisis EWS (currency, banking, sovereign
debt, and so on). Third, it does not only provide various criteria to evaluate the
(absolute) validity of EWS forecasts but also proposes some tests to compare the

relative performance of alternative EWS. Fourth, this toolbox can be used to
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evaluate both in-sample and out-of-sample forecasts. Applied to a logit model for
12 emerging countries we show that the yield spread is a key variable for
predicting currency crises exclusively for South-Asian countries. Besides, the
optimal cut-off correctly allows us to identify now on average more than 2/3 of the

crisis and calm periods.
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Notes

1. We do not tackle here the pertinence of the crisis dating. We assume that
economic experts are able (ex-post) to precisely date the crisis periods.
Nevertheless, a robustness analysis with respect to the potential inaccuracy of

the crisis dating will be performed in the last section.

2. It can also be assumed that y ; equals one if a crisis occurs in a certain time

horizon (6, 12, 24 months, and so on), so as to forecast the approximate timing

of a crisis in some periods before it actually occurs (see KLR, Berg and Pattillo,
1999). This approach presents the advantage of giving the authorities the time

necessary to implement appropriate policies to avoid an economic crash.
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. The Log Probability Score (LPS) corresponds to a loss function that penalizes
large errors more heavily than QPS, with LPS=—1/T> =1 T[(l —y)n(1-p¢)+y

¢+ In(p ¢+ )]. This score ranges from 0 to «, with LPS=0 being perfect accuracy.

. Theoretically, an alternative approach that jointly validates the optimal cut-off
and the crisis probabilities may exist. Nevertheless, this approach is not
feasible in our context. Indeed, the accuracy and misclassification measures
cannot be employed, as they have been used to identify the optimal cut-off and

no other adequate measures have been proposed so far.

. Also called Correct Classification Frontier, as in Jorda, Moritz, and Taylor
(2011).

. This nonparametric estimator of the AUC criterion has recently been

considered by Jorda, Moritz, and Taylor (2011) in the EWS literature, so as to

compare different specifications with the random model (AUC=0.5).

. Contrary to Jorda, Moritz, and Taylor (2011), who rely on a graphical

comparison of the AUC for different models, we develop a statistical

framework to evaluate EWS.

. Let us assume that model 1 is the parsimonious model and model 2 is the
larger one that reduces to model 1 if some of its parameters are set to 0. The
corrected statistic proposed by Clark and West (2007), denoted CW, is defined

as follows:

TJ‘F d
— N(0,1), 16
o 1 NO) (16)

CW =

where fi =V =P 1 ¢)*°=[Wi—=P1 ¢)°=[V:=P2 ¢)°—P 2 t =P 1, t)°] fis the

sample average of f yand o 7 ¢ 2 is the sample variance of f ; —f.



9. Note that, as a robustness check, we have also considered the pooled logit

model as well as the optimal clusters derived from the Kapetanios procedure.

10. Argentina, Brazil, Mexico, Peru, Uruguay, Venezuela, Indonesia, South Korea,

Malaysia, Philippines, Taiwan, and Thailand.

11. Berg and Cooke (2004) show that considering a forecast horizon larger than

1 leads to autocorrelation in the crisis variable. This stylized fact is

confirmed by Harding and Pagan (2006).

12. The results for the other countries are available on request.

13. In the case of KLR the threshold equals three standard deviations; however,
in this case, Taiwan would never register any currency crises, which is
historically not accurate. For example, Taiwan was not exempted from the

Asian crisis in 1997.
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Appendix |

A.l. Comparison of ROC Curves Test

The nonparametric test of comparison of ROC curves has been proposed by

Delong, Delong, and Clarke-Pearson (1988). It is based on the comparison of the

areas under the ROC curves associated with the two EWS models, denoted AUC 1
and AUC ;. The null of the tests corresponds to the equality of areas under the
ROC curves, that is H o: AUC 1=AUC ,. The test statistic is defined as:

(AUC| — AUC,)

Wave = :
AUC V(AUC, — AUGC,)

(A.1)

Under the null, it has an asymptotic Xz(l) distribution. By definition the asymptotic
variance of the difference (AUC {—AUC ») is equal to:

V(AUC, — AUCs) = V(AUC,) + V(AUGC) — 2cov(AUC,, AUC). (A2)

Each of these three elements can be estimated using a nonparametric kernel
estimator. Let us consider %/ the variance-covariance matrix of the vector (AUC 1

AUC 7). A nonparametric kernel estimator of 1/, denoted 7/, can be derived from
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the theory developed for generalized U-statistics by Hoeffding (1948) and Mann-

Whitney statistics. Formally, we have:

Vo= (1) $i +HTo)" So, (A3)
(2,2) (2,2) (2,2)

where T 1 (respectively T o) is the number of crisis (respectively calm) periods in
the sample, and S | (respectively S () denotes the estimated variance for the crisis

(respectively calm) periods.

4

Z K(ﬁ_’;,ﬁ,‘} — ToaxA UC]]

fiy=0

. 1
S] T 1) K ﬂ'l ﬂr' — Tox AUC
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Similarly, we have:
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where K(.) denotes a kernel function of the estimated crisis probabilities in crisis

periods (y ; =1) and calm periods (y ; =0) defined by:

I if p;<p;

K(pp,p) =< 3 if pi=p; (A.6)
0 if p;>p;.
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B.l. Data Set

There is no official currency crisis dating method similar to the one NBER
proposes for recessions. Therefore, a crisis episode is generally detected when an
index of speculative pressure exceeds a certain threshold. Many alternative
indices have been developed and used for identifying currency crises. But they are
all nonparametric termination rules that take into consideration the size of the
movements in a combination of a number of series. Lestano and Jacobs (2004)
compare several currency crisis dating methods, aiming to identify the one that
recognizes most of the crises categorized by the IMF for the 1997 Asian flu. They
conclude that the KLR modified index, the Zhang original index (Zhang, 2001),

and extreme values applied to the KLR modified index perform best.



Following their results, we identify crisis periods using the KLR modified pressure

index (KLRm), which, unlike the KLR index, also includes interest rates:

ﬂf’ it O, ﬂ'r”

O .
o Ay, (A.7)
€y Gy Fi Gir

KLRm; =

where e ;; denotes the exchange rate (that is, units of country i's currency per U.S.
dollar in period t), r 5, t represents the foreign reserves, while ir ;; is the interest
rate. Meanwhile, the standard deviations o x are actually the standard deviations
of the relative changes in the variables, %ux./x), where X denotes each variable
separately, including the exchange rate and the foreign reserves, with AX j; =X j;
—X ; t—-6. For the interest rate, o ;-is the standard deviation of the absolute changes

in interest rate. For both subsamples, the threshold equals two standard

deviations above the mean:13

1 if KLRmM;:>20kram, + Rxrnm
Crisisy = { ! R (A8)

(0 otherwise.

To check the robustness of our results to the dating method, we also consider the

Zhang pressure index instead of the KLRm. It is defined as follows:

Ae F
;__a"u' = B]GE” o He, OT

Crisis;: =4 ﬁr'_rr <B, -:.'5:.” +u, (A9)

| 0 otherwise.

where 0 ¢ " is the standard deviation of (Ae j; /e i+ ) in the sample of (t—36, t—1),
and o . is the standard deviation of (Ar i /r i+ ) in the sample of (t—36, t—1). The
thresholds are set to B1=3 and B,=—3. Contrary to the KLRm index, the interest
rates are excluded from the ZCC and the thresholds used are time-varying for

each component.

From a macroeconomic point of view, it is more important to know if there will be
a crisis in a certain horizon than in a certain month, because this time period
allows the state to take steps to prevent the crisis. Consequently, we define for

each country C24 ;, which corresponds to y ; from our general framework and thus



serves as the crisis dummy variable taking the value of 1 if there will be a crisis in

the following 24 months and 0 otherwise:

24
1 of 3 Crisisy,; >0
C24;, = = e (A.10)

0 otherwise.

At the same time, several explanatory variables from three economic sectors are

considered (Lestano and Kuper, 2003) on a monthly frequency and denoted in U.S.

dollars:

1 External sector: the one-year growth rate of international reserves, the one-
year growth rate of imports, the one-year growth rate of exports, the ratio of
M2 to foreign reserves, and the one-year growth rate of M2 to foreign

reserves.

2 Financial sector: the one-year growth rate of M2 multiplier, the one-year
growth rate of domestic credit over GDP, the one-year growth rate of real
bank deposits, the real interest rate, the lending rate over deposit rate, and

the real interest rate differential.

3 Domestic real and public sector: the industrial production index.

As in Kumar, Moorthy, and Perraudin (2003), we reduce the impact of extreme

values by using the formula: f(x ; )=sign(x ) X In(1+Ix ¢|). Traditional first-

generation (Im, Pesaran, and Shin, 1997 and Maddala and Wu, 1999) and second-

generation (Bai and Ng, 2001 and Pesaran, 2003) panel unit root tests are
performed, leading to the rejection of the null hypothesis of stochastic trend
except for the lending rate over deposit rate and industrial production index

indicators. Hence, these series are substituted by their first differences.

Finally, we identify the most correlated leading indicators for each country. Two
indicators are considered as being correlated for a certain country if Pearson's
correlation coefficient is higher than a 30 percent threshold. It seems that growth
of real exchange rate and real interest rate are highly correlated with most

indicators for all countries, whereas the first difference of lending rate over



deposit rate, the first difference of the industrial production index, and yield
spread are the least correlated ones with all the other indicators for all the 12
countries. The competing models are defined such that no couple of indicators is
correlated in more than four countries. We hence identify the leading indicators by
minimizing the AIC and BIC information criteria of the pooled panel data models,
that is, growth of international reserves, growth of exports, growth of domestic
credit over GDP, first difference of lending over deposit rate, first difference of
industrial production index, and yield spread. The missing values through the
series are replaced using cubic splines interpolation, but when the series revealed
missing values at the beginning of the sample, such as “the one-year growth of
terms of trade” or “yield spread,” the corresponding observations are dropped

from the analysis, leading to an unbalanced panel framework. Table 8 shows the

period covered by the leading indicators for each of the 12 countries.

Table 8 Database

Appendix Il

C.l. A Robust Estimator of the Variance of the Parameters

To compute robust estimators of the variance for logit models we use a sandwich
estimator. Technically, the variance-covariance matrix of the estimators is
asymptotically equal to the inverse of the hessian matrix: W[ﬁ} =—-H [G)_]
However, this is appropriate only if we employ the real Data Generating Process
(DGP). For a more permissive method from this point of view, we define the

variance vector as follows:

-

V(B) = (—H(B) V(B (-HB)™), (A.11)

where H ([3)_1 is the inverse of the hessian matrix, and WfE(B}} is the variance of

the gradient. Using the empirical variance estimator of the gradient we find that:

-~ - r - ~ -~
V() =-T/(T-1)H(B)" {Z g:(B)g:(B) }(—H{BJ_]}-. (A.12)
=1



which is a robust variance estimator for the time-series model.

The main advantage of this sandwich method is that it can also be applied in the
case of grouped data, as in our case. It is important to note that in the current
situation, each country from a cluster is a group of time-series observations that
are correlated. Thus, the observations corresponding to a country are not treated
as independent, but rather the countries themselves which form the clusters, are
considered independent. Therefore, instead of using g ; (B), we use the sum of g ;
(B) for each country, while T is replaced by the number of countries in a cluster.
These changes ensure the independence of so-called superobservations entering
the formula (Gould and others, 2005).
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