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Abstract: This paper represents an econometric attempt to deal with the issue of financial system
stability in the framework of duration models, using macroeconomic data. A salient result is that the
hazard for stability duration is time increasing. The results also reveal that factors such as real GDP
growth, high ratio of net foreign direct investment to GDP are in favor of the persistence of the
duration of financial system stability, while high inflation rates, high rate of growth of the share of
domestic credit in GDP, the experience of past crisis, and contagion phenomenon imperil it.
Moreover, evidence suggests that the existence of explicit deposit insurance system appeats to
endanger the financial system stability, while a stronger legal environment reinforces the stability
duration.
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1. Introduction

The last three decades were marked by waves of financial liberalization, following the
influential works of McKinnon (1973) and Shaw (1973). According to them, financial
repression, by forcing financial institutions to pay low and often negative real interest rates,
reduces private financial savings, and thereby decreasing the resources available to finance
capital accumulation. On the contrary, financial liberalization, by easing or lifting interest
rates control, lowering compulsory reserve requirements and dismantling entry barriers,
reducing government action in banking sector (allocation of credit, ownership of banks and
insurance companies, etc.), stimulates domestic savings and economic growth.

However, it is now widely recognized that financial liberalization process has also
generated financial and macroeconomic instabilities. Indeed, the recent financial crises as a

whole and banking crises, in particular, that have rattled most of the emerging market



economies from Asia, Europe, and South America were deeply related to the process of
financial liberalization, and broadly speaking, to financial globalization.

There is a growing body of research that attempts to evaluate econometrically
precursors and causes of banking weakness or crisis. Gonzalez-Hermosillo, Pazarbasioglu,
and Billings (1997) use an econometric model to predict bank failures using Mexican data for
1991-95. Kaminsky and Reinhart (1997) examine the behavior of various macroeconomic
variables during the episodes of crises in a sample of 20 countries.

Demirguc-Kunt and Detragiache (1998) analyze the factors associated with the
emergence of systemic banking crisis in a large sample of developed and developing
countries in 1980-94 using a multinomial logit model. They show that a crisis tends to erupt
when the macroeconomic environment is weak, particularly when growth is low and
inflation is high. On the other hand, Demirguc-Kunt and Detragiache (1998) have
investigated the connection between financial liberalization and financial fragility using a
multinomial model over 53 countries during 1980-95. Their results show that financial
liberalization increases the probability of a banking crisis, but less so where the institutional
environment is strong.

Hardy and Pazarbasioglu (1999) analyze the determinants and leading indicators of
banking crises, by differentiating by region or severity of banking crisis. Their analysis, based
on a multinomial model, show that full-blow banking crises are showed to be associated
more with external developments, whereas domestic variables are the main indicators of
severe but contained banking distress.

Komulainen and Lukkarila (2003) examine the reasons for financial crises in 31
emerging market countries during 1980-2001. They estimate a probit model using 23
macroeconomic and financial sector variables. They find that the probability of currency
crisis increases along with increases in private sector liabilities, public debt, foreign liabilities
of banks, unemployment, and inflation. Moreover, currency and banking crises are highly
linked, and U.S. interest rates influences the occurrence of currency crises in emerging
markets.

Notwithstanding the interesting results of previous studies, they do not account for
the influence of time on the probability of crises. The present paper is an attempt to fill this
gap. To tell things in other words, we investigate how the probability that a crisis occurs,

changes over time further to the financial liberalization process. In so doing, we apply the



duration models in analyzing the duration spells of financial system stability in a liberalized
environment.

The main results of the present paper are the following. On the one hand, the hazard
is time increasing owing to “‘financial stability fatigne”, that is maintaining financial stability gets
harder over time. On the other hand, macroeconomic fundamentals, contagion
phenomenon, structural characteristics, and “bad history” play an important role in the
eruption of banking crises.

The remaining of the paper is organized as follows: section 2 sets up the theoretical
framework. Section 3 depicts the estimation strategy. Section 4 describes the data set.

Section 5 is dedicated to the estimation results, while section 6 concludes the paper.

2. Theory

The twentieth century was characterized by an intensive financial repression. Governments
attempted to fix interest rates well below markets levels and to control the allocation of
credit through directive or ownership of the banks. Such decisions were not without
drawbacks. Indeed, the economic performance of many countries deteriorated progressively
under financial repression, financial systems contracted or remained small and, the efficiency
of lending and collection and their operations were low. Moreover, financially repressed
systems misallocated much of their fund, with credit often flowing to inefficient public
enterprises and to favored private borrowers. At the same time, projects with higher returns
are squeezed out, use self-finance, or forgo efficient technology. This policy led to a
widespread bank insolvency and capital flight. Growth and macroeconomic stability were
also impaired.

The work of McKinnon (1973) and Shaw (1973) gave the theoretical foundations for
the widespread adoption of financial liberalization and reform measures, in particular in
developing countries in the 1980s. The main potential benefit of liberalization for developing
countries is the development of their financial system. Indeed, financial liberalization implies
financial globalization, which in turn implies more sources of capital and more capital
become available to countries to better smooth consumption, funding innovative activities,
and increasing the degree of market discipline. In other words, the deregulation of interest

rates was intended to increase volatility of interest rates and asset prices, increased



competition in financial services (mobilizing savings, allocating capital funds, monitoring the
uses of funds, managing risk), thanks to the entry of foreign banks to local markets, and
thereby supporting economic growth.'

However, the new freedom often led to an initial scramble to retain or gain market
share, with banks seeking new business in unfamiliar territory whose risks they often
underestimated. The moral hazard of their behavior was either unconscious or motivated by
the presence of implicit or explicit government guarantees to depositors (Caprio, G.,
Hanson, J.A., and honohan, P., 2001).

As emphasized by Caprio and Summers (1993) and Hellmann, Murdock and Stiglitz
(1998), another factor that contribute to moral hazard is the erosion of bank franchise value
in a liberalized environment: as monopolistic profits disappear due to increased bank
competition, the cost of losing a banking license when the bank becomes insolvent is
reduced, and incentives to choose a riskier loan portfolio increase.

Yet financial liberalization by speeds up financial globalization, which can also lead to
crises due to imperfections in international financial markets. The imperfections in world
financial markets can generate, among other things, credit rationing , bubbles, irrational
behavior, herding behavior, speculative attacks, and crashes. Thus a crisis can occur even in
country with sound fundamentals, because another country, elsewhere, is experiencing a
crisis. This phenomenon is called contagion in the literature. The crises in Latin America
(1994), Asia (1997), and Russia (1998) are typical examples of contagion: shocks spread from
one country to another. The reasons underlying contagion are manifold. First, given
imperfect information, investors who see problems in one country may anticipate the
realization of similar events in other countries, and consequently reduce their exposure to
these countries. Second, real linkages play an important role through import substitution or
upstream effects on suppliers on inputs. Third, financial linkages also play an important role
through bank lending and bank and corporate ownership. Fourth, the “wake-up call”
hypothesis according to which market participants would seek to reduce their exposure to
countries that are seen as having similar vulnerabilities, even in the absence of direct

spillovers (Collyns, C. and Kincaid, G.R., 2003). Contagion may also be risen from policies

" See also among others, Beck and Levine (2002), King and Levine (1993), Levine (1997),Levine (2000), Levine,
Loayza, and Beck (2000), Levine and Zervos (1998).



aimed to stem a crisis — such as competitive devaluations, trade protection, and fiscal
tightening.

The empirical literature of contagion was limited and it has been growing since the
financial crisis hit the Asian region. Individual papers dealing with the issue have suggested
that strong trade linkages, common macroeconomic weakness, important macroeconomic
similarities, and financial markets linkages were very much at play in the propagation of crisis
from one country to the entire region in Latin America, during the Tequila crisis sparked by
the collapse of the Mexican peso in 1994% or Asia, during the Asian flu triggered by the
collapse of the Thai bath in July 1997

We sum up by emphasizing that interest rates liberalization, like other liberalization
goes hand in hand with a greater risk of financial crises, and particularly banking crises. The
following section is attributed to the theoretical framework for analyzing the duration spells

of financial systems stability.

3. Duration models

3.1 The hazard function

The theoretical framework of the duration models is based on two main functions which are

the survivor function and the hazard function. The survivor function is the probability that

the random variable 7 (the spell length for the individual under observation) will equal or

exceed t:
S(f) = Prob(T>£)=1- F(z) 1)
F(£) = Prob(T<t) = jo f(s)ds, ©

where f () is the density function.

2 Sachs, Tornell and Velasco (1996).
3 Edwards (2000), Glick and Rose (1999), Rijckeghem and Weder (1999), Forbes and Rigobon (1999),
Fratzcher (1998).



The hazard rate is rate at which spells will be completed at duration £, given that
they last until 7. In other words, the hazard function is the probability that the spell will end

in the next short interval time A, given it has lasted until time 7. The hazard function is*

o= Q)

o At) = w )

Another useful function in practice is the integrated hazard function, A(?):

Af) = jo A(s)ds )

S(t)=exp[—A(?)] or A(t)=—-InS(?) 5)
Two main methods allow to estimate the hazard rate and the survivor function. There are

the nonparametric and parametric methods which are surveyed in the following subsections.
3.2 Nonparametric method

To estimate the hazard rate and the survivor function, the commonly used nonparametric

approach is the Kaplan-Meier product limit estimator. Suppose the completed durations in
the sample of size n are sorted in ascending order so that #1<f2<...<fx. The number of
completed durations K is less than n because some observations are censored and because

of ties (ties occur when two or more observations have the same duration). Let /& _denote

the number of spells completed at time t, for k=1,---,K; m the number of observations
censored between ! and Lo and n the number of completed spells of duration of at
least t
K
n :;(m[ +h). ©)

4 A precise definition in terms of probabilities is 4(f) = lin% Prob(t <T<t+A)|T>t)/A
-

S A=f/S=(dF/di)/S=(-dS/dr)/S.



A natural estimator for the hazard function is

a h
At)= n—" , ()

the number of “failures” (number of countries that slip into crisis) at duration #, divided by

the number “at risk” at duration tk .

The estimator of the cumulated hazard function is then

A)=>"A(t)

i<k

The estimator of the survivor function is

N ken —h Lk A

Su)=T1",=I10-4). ®)

The application of this method to our analysis allows to determine for each period
the probability that the financial system be disrupted by the occurrence of a crisis, given that
the system has been stable (absence of a crisis) until the preceding period. Estimations may
also be performed by stratification and, one can test for the equality of the survivor
functions.

However, the Kaplan-Meier approach ignores exogenous variables on which

survivor functions may depend. To deal with such an issue, we rescue to the parametric

specification analysis that impose a structure (distribution function) on the data.
3.3 Parametric method

The literature offers a wide range of duration models: Exponential, Weibull, Normal, Inverse
normal (inverse Gaussian), Gamma and many others’. The simpler ones are Exponential,
Weibull, Lognormal and Loglogistic, which are presented in appendix 1. The hazard
function for the exponential distribution is constant, that for the Weibull is monotonically
increasing or decreasing depending on the parameter p, and the hazards for lognormal and

loglogistic distributions first increase and then decrease.

¢ See Kalbfleisch and Prentice (1980); Cox and Oakes (1985), and Lancaster (1990).



For the purpose of the present analysis, we focus attention on only the Weibull distribution
which, we think, is best suited to our hypothesis. Indeed, intuition might suggest that the
longer the duration of financial system stability persists, the less likely a crisis occurs, other
things being equal. The same intuition might suggest that the longer the stability duration of
financial system persists, the more likely it is that it will end within the next period, by the
eruption of a crisis. Thus less financial systems are likely immune to crises. In other words,
the hazard for stability duration is either upward or downward slopping.

The Weibull distribution is a two parameter (>0 and p>0) family with hazard,

survivor, distribution and density functions as follows

AMt)=yp(yro’ ©)
S(1) =exp[-(y1)’] (10)
F(t)=1-exp(-yt") 1)
SO =ypt" exp(-yt") (12)

The hazard function is increasing in duration if p>1, decreasing if p<I, and
constant if p=1".

To account for the effects of explanatory variables on the hazard function, for a
practical matter, we specify

y =exp(X'f), (13)
where X is a vector of explanatory variables with unknown parameter f to be estimated.
The effect of explanatory variables is to rescale time directly. For this reason, these models
are sometimes called “accelerated failure time” or “accelerated lifetime” models.

After a bit of manipulation, (9) and (13) allow us to rewrite the accelerated lifetime
models as

Int)=a+X'f+ocW, (14)
where o is a parameter and /' a random variable that follows a Weibull distribution.

In practice it is usual to estimate the parameters by the maximum likelihood. The log-

likelihood is

InL(6) :Z":(si Inf(t,0)+3 (1-5)nS(,0), (15)

7'This case corresponds to the exponential distribution. See appendix 1.



with @=(y, p); 6. =1 if the i th spell is uncensored and J, =0 if censored.

3.4 Estimation with unobservable heterogeneity®

The parametric estimation takes for granted the absence of heterogeneity. Heterogeneity
refers to difference remaining in the distributions after controlling for observed effects. The
problem of heterogeneity in duration models stems from misspecification, and leads to
misinterpretation of the effects of included explanatory variables. Indeed, there exist many

unobservable variables that may affect the results. Thus, to handle the problem caused by

heterogeneity, we pose a survival function conditioned on the individual specific effect v,

thatis S(¢|v), and add to that a model for the unobserved heterogeneity f(v.). Then, the

unconditional distribution is
S(O=E[S(v]= _[ S v f(vdv (16)

Typically, v is assumed to have a gamma distribution with mean 1 and variance 6=1/k .

Formally
f(v)= %ll;)exp(—kv)vk‘1 17
and  S(f v) =exp[—(vy1)’]. (18)

Then, we can rewrite the unconditional distribution as follows

S@= [ s smdv=[1+o00 ] (19)
To incorporate heterogeneity into the Weibull model, the following hazard function is
specified

AW =y p(y)" ISOY (19)

In case where no heterogeneity exists, 8=0 an Var[v]=0. This corresponds to the Weibull

hazard.



4, Data

We are interested in examining the duration of the financial system stability under
liberalization, that is the liberalization of interest rates. The data set covers 68 countries listed
in appendix 2. A country is selected on the basis of the availability of interest rates
liberalization dates. The beginning of data collection, which is assumed to be the origin of
the financial system stability, is the starting year of interest rate liberalization. The end of
data collection is year 2001 so that some spells are right-censored. The banking crises
reported in annex 2 are severe banking crises’. Countries like Australia, Belgium, Morocco,
and Tunisia have experienced any severe banking crises since the liberalization of their
interest rates. While countries like Argentina, Brazil, Chile, Indonesia, and Malaysia have

experienced, at least, one severe banking crisis.

4.1 Dependent variable

The dependent variable, which we denote DURATION , is the duration of the stability spell
before a country slipping into a banking crisis. The spells (in years) of stability are recorded
in appendix 2. By construction, the shortest spell is one and the longest spell is 21 (

censored).

4.2 Exogenous variables

Most of the exogenous variables are collected from the existing literature on banking crises,
and are classified as follows:

® Traditional macroeconomic variables: these are the growth rate of GDP (GROWTH),
the consumer price index (INFLATION), the real interest rate INTEREST), the share of
current account balance in GDP (CAB), and the ratio of export of goods and services to
GDP (EXPORT). A higher GROWTH is likely to be in favor of financial system stability

through the level of non performing loans. The higher the growth rate, the better the

8 See Greene, W. (2000)
° Countries that experienced bank runs or other substantial portfolio shifts, collapses of financial firms, or
other massive government recapitalization are recorded as severe crisis countries (as classified in Lindgren,
Garcia, and Saal, 19906).
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performance of banks via the reduction of the level of non performing loans. On the other
hand, an increase in the interest rate causes a rise in the costs to bank and a decrease in
investment, thereby reduces the growth rate. Thus, an excessive jump in the interest rate has
a negative effect on banking stability and financial stability as a whole. Indeed, an
improvement in CAB and EXPORT, independently, are a priori, favorable to financial
system stability (see appendix 5).

® Banking variables: the ratio of bank cash and reserves to bank assets (LIQUIDITY),
and the growth rate of the share of domestic credit in GDP (CREDIT). An increase in
LIQUIDITY reinforces the financial system stability since it allows banks to meet depositors
withdrawals and prevent bank runs, whereas a higher CREDIT hurts banking system
stability because an over expansion of credit creates bubbles whose burst triggers a crisis (see
appendix 5).

o Capital flows variables: the ratio of M2 to foreign exchanges reserves captures the
vulnerability to sudden capital outflows (M2/RESERVES), and the ratio of net foreign
direct investment to GDP (NFDI) captures the inflows of capital favorable to growth and
banking stability (see appendix 5).

® [xchange rate regime variables: to size the impact of the exchange rate regime (ERR)
on financial system stability, we include in the regressions the dummies variables
FLEXIBLE, FIXE, and INTERM which stand for flexible, fixed and intermediate exchange
rate system, respectively (see appendix 5).

o [nstitutional quality variables: due to the lack of data on banking supervision, we use
indexes of institutional quality to capture the effect of banking supervision on financial
stability. Indeed, we assume that the stronger the legal environment, the more effective the
banking supervision, and the lower the likelihood of banking crises. Hence, BUR, DEM,
LAW, and CORRUP stand for the quality of the bureaucracy, the level of democracy, the
quality of contract enforcement, and the degree of corruption, respectively (see appendix 5).

® Other variables of interest: the neighborhood contagion index, CONTAGION, equals

one divided by n - the number of countries belonging to the region i-, if a neighboring

country has experienced a crisis within the last three years or zero otherwise. This variable
captures the extension of a crisis from an initial country to others countries which do not

have initially macroeconomic imbalances ( high deficit, for instance). The dummy variable
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PASTCRISIS equals one if the country has a past experience of crises or zero otherwise.
Lastly, the dummy variable DIS takes the value one if the country has an explicit deposit
insurance system or zero, in the contrary case (see appendix 5). Lastly, each of the dummy

variable DEVELOPED, EMERGING, and DEVELOPING takes the value one or zero if

the country in question is developed, emerging or developing.

5. Estimation results

5.1 Nonparametric method

The estimated hazard and survivor functions for the sample of duration (in years) of
financial system stability are shown in figure 1 and 2. A quick look at the figures reveals that
the hazard- the probability that a country slips into a crisis at time ¢, given that it has been
stable until the preceding period- first, appears to have an upward slope, and then remains
constant. In line with an increasing hazard, the survivor function is time decreasing.

The estimates of the hazard and survivor are reported in table 1. For instance, in a
financially liberalized environment, the probabilities that any country faces a banking crisis at
the end of one year and six years of stability are 10.29 and 39.59 percent, respectively. The
same probability is 63.37 percent at the end of thirteen years of stability, and then remains

constant.

Figure 1 : Hazard (Kaplan-Meier) Figure 2 : Survivor (Kaplan-Meier)
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Table 1 : Nonparametric Hazard and Survivor Estimates

Duration l’lk hk Hazard l(tk) A(tk) Survivor S(tk)
inyears , [ ‘ (in percent) (in percent) (in percent)
1 68 7 10.29 10.29 89.71
2 61 6 9.84 20.13 80.88
3 55 4 7.27 27.40 75.00
4 51 1 1.96 29.36 73.53
5 50 4 8.00 37.36 67.65
6 45 1 2.22 39.59 66.14
7 42 1 2.38 41.97 64.57
8 41 1 2.44 44.41 62.99
9 39 3 7.69 52.10 58.15
10 35 2 5.71 57.81 54.83
11 26 0 0.00 57.81 54.83
12 20 0 0.00 57.81 54.83
13 18 1 5.55 63.37 51.78
14 17 0 0.00 63.37 51.78
15 16 0 0.00 63.37 51.78
16 13 0 0.00 63.37 51.78
17 12 0 0.00 63.37 51.78
19 11 0 0.00 63.37 51.78
20 10 0 0.00 63.37 51.78
21 8 0 0.00 63.37 51.78

Note: n, is the number of countries “at risk”, and hk is the number of failure at time tk

The results of Kaplan-Meier analysis sheds light on the evolution of the sample that
might contain some differences. To capture these differences that might exist in the sample,
we perform the same analysis by subgroups of the durations of financial stability according
to some threshold values (arbitrary determined) of a number of abovementioned exogenous
variables. Thus we have split the sample into subgroups according to whether GROWTH is
greater than 3 percent or not, whether INFLATION is below 15 percent, between 15 and 35
percent, or higher than 35 percent; whether CAB is positive or not, whether EXPORT is
higher or lower than 3 percent, whether CREDIT is below or above 4 percent, whether the
exchange rate regime is FLEXILE, FIXE or INTERM, whether CORRUP is below or
above 3; Indeed, whether each of the dummies CONTAGION, PASTCRISIS, and DIS
takes the value one or zero.

Then, we perform log-rank and wilcoxon tests. These tests are appropriate for

testing the equality of survivor functions across the subgroups defined above. The null
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hypothesis is that the survivor functions of the subgroups are the same. The results are
reported in table 3.

The log-rank test statistics show that we reject the null hypothesis that the survivor
functions are the same, at 5 percent confidence level, for the stratification based on
CREDIT, and at 1 percent significance level, for stratifications based on CONTAGION and
PASTCRISIS. On the other hand, the wilcoxon test statistics show that we reject the null
hypothesis that the survivor functions are the same for stratifications based on CREDIT,
CONTAGION, and PASTCRISIS (at 1 percent confidence level), and CORRUP (at 5

percent confidence level).

Table 2 : Tests for equality for sutvivor functions across the groups

Stratification Rank tests Wilcoxon tests
Variables Events Events statistics Events Events statistics
observed expected observed expected
GROWTH < 3% 15 17,61 72(1)=0,95 15 17,61 x2(1) =0,78
GROWTH > 3% 16 13,39 Pr> y2(1)=0,329 16 13,39 Pr> y2(1) =0,378
INFLATION < 15% 22 21,99 x2(1) =286 18 21,99 22(1)=373
INFL. Between 15-35% 6 4,58 Pr> y2(1)=0,239 6 4,58 Pr> y2(1) = 0,155
INFLATION > 35% 11 4,43 7 443
CAB <0 24 21,01 z2(1) =141 24 21,01 22(1) =1,63
CAB >0 7 9,99 Pr> y2(1) =0,235 7 9,99 Pr> y2(1) = 0,202
EXPORT < 3% 6 6,21 22(1)=0,01 6 6,21 22(1) =0,02
EXPORT > 3% 25 2479 Pr> y2(1) =0,922 25 2479 Pr> y2(1)= 0,899
CREDIT < 4% 14 22,98 22(1) = 6,42%* 14 22,98 x2(1) = 7,57%%*
CREDIT >4 % 17 8,02 Pr> y2(1) = 0,011 17 8,02 Pr> y2(1) = 0,006
ERR = FLEXIBLE 20 17,83 x2(1) =0,78 20 17,83 x2(1) =0,64
ERR = FIXED 4 4,12 Pr> y2(1) = 0,676 4 412 Pr> y2(1)=10,724
ERR = INTERM 7 9,05 7 9,05
CORRUP < 3 15 11,26 x2(1) =215 15 11,26 x2(1) =294*
CORRUP > 3 15 18,74 Pr> y2(1) =0,143 15 18,74 Pr> y2(1) = 0,087
CONTAGION =0 8 24,68 22(1) = 60,27+ 8 24,68 J2(1) = 4577%%x
CONTAGION =1 23 6,32 Pr> y2(1) = 0,000 23 6,32 Pr> y2(1) = 0,000
PASTCRISIS =0 4 16,47 x2(1) =22 25%+* 4 16,47 x2(1) = 18,74%%*
PASTCRISIS = 1 27 14,53 Pr> y2(1) = 0,000 27 14,53 Pr> y2(1) = 0,000
DIS=0 11 14,13 x2(1) = 1,36 11 14,13 x2(1) =1,77
DIS=1 23 16,87 Pr> y2(1) =0,243 23 16,87 Pr> y2(1) =0,183

Note: **#*** means 10, 5, and 1 percent confidence level, respectively.
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Figures 3 through 12 depict the hazard of the subgroups according to the
stratification variables. The figures 7, 9, 10, and 11 are those associated with the wilcoxon
tests that are judged significant.

Figure 7 shows that the hazard line associated with “CREDIT > 4 percent” is above

that of “CREDIT < 4 percent”. In other words, countries where the rate of growth in
domestic credit exceeds 4 percent are likely to slip into crisis. In addition, the hazard is time
increasing. For example, countries where “CREDIT > 4 percent” have a probability of 20
percent to plunge into a crisis at the end of one year of stability, which shift to 77.01 percent
at the end of five years of stability'’. While the corresponding probabilities, for countries
where “CREDIT < 4 percent”, are 6.25 percent and 22.95 percent for one and five years of
completed stability duration, respectively. Thus, there is evidence that the explosion of credit
in a liberalized environment is harmful to financial system stability.

Figure 9 reveals that stronger institutions-measured by the level of corruption
(CORRUP > 3)- fosters financial stability. For instance, countries with low corruption level

(CORRUP > 3) have 17 percent of probability to face a banking crisis at the end of three
years of stability. Yet countries with high level of corruption (CORRUP < 3) have 38.19
percent of probability to be hit by a crisis at the end of three years of stability.

Figure 10 reveals that the hazard line for “CONTAGION = 1/ n ” lies above that of

“CONTAGION = 07, which means that countries which have, at least, one neighboring
country that has faced a crisis within the last three years are likely to experience a crisis. For a
matter of illustration, countries have about 73 percent of probability to experience a crisis at
the end of three years of stability if, at least, one neighboring country has slipped into a crisis
in the last three years. However, the probability that a country plunges into a crisis at the end
of three years of stability is about 13 percent, if any neighboring country has faced a crisis
within the last three years.

Figure 11 shows that countries that have experienced a crisis (PASTCRISIS = 1) in
the past have a time increasing hazard to slip back into a crisis. For purposes of illustration,
the hazard that a crisis erupts in countries which have experienced crises in the past is 62
percent at the end of five years of stability. Yet the same hazard is 11 percent if the country

had not experienced a crisis in the past.
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On the other hand, let note that the estimated hazards using the stratification based

on GROWTH, INFLATION, CAB, EXPORT, ERR, and DIS are not significantly

different.

Figure 3 : Hazard (Kaplan-Meier)
Stratification : GROWTH

Figure 4 : Hazard (Kaplan-Meier)
Stratification : INFLATION
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Figure 9 : Hazard (Kaplan-Meier) Figure 10 : Hazard (Kaplan-Meier)
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To sum up, the present subsection using nonparametric analysis have dealt with the
duration of financial system stability. More precisely the analysis shows that the explosion of
domestic credit, regional contagion, and the past experience of a crisis are the factors that
hurt the stability of financial system, while a stronger legal environment captured by a lower
level of corruption contributes to the persistence of the stability. More interestingly, the
results also suggest that about every ten years, the world financial system is likely to
experience a banking crisis, given that it has been stable during the preceding years.

Although the results seem interesting, the nonparametric method has a limit. Indeed,

it does not take into account the interaction effects of the exogenous variables on the
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duration of the stability of the financial system or equivalently on the hazard. To tackle this

issue, we extend the analysis to the parametric method.

5.2 Parametric method

The present method contrary to the previous poses that the duration of survival (measured
in years) depends on fundamentals, which are also measured in years. The survival duration
of banks are regressed on all the exogenous variables mentioned above in order to compute
the predicted survival hazard function (i.e., the coefficients for the model). The results are
reported in table 3. To determine the model that best fits the data, we apply Akaike

Information Criterion (AIC) computed as follows

AIC = -2(log- likelihood) + 2(c + m +1), 20)

where ¢ is the number of model covariates and m the number of model-specific ancillary
parameters which equals one for the Weibull distribution. The appropriate model is the one
that has the minimum value of AIC , that is the model 2.

The results, in accordance with the nonparametric predictions, suggest that the
hazard is upward slopping (p = 1.536 > 1). The results are also in favor of our hypothesis
according to which in a financially liberalized environment the probability that a country be
hit by a banking crisis increases as time elapses, since it becomes more integrated with the
international financial markets. Indeed, in an increasingly financially integrated world,
countries are more prone to crises regardless of their fundamentals. A country with sound
fundamentals can experience a crisis due to the contagion phenomenon. Thus, the longer an
economy remains stable by devoting much effort to resist to external shocks, the more likely
it tumbles in crisis due to “financial stability fatigue” (that is maintaining financial stability
gets harder over time). The relevant probability is influenced by exogenous variables which
are highlighted in the following paragraphs.

The coefficient of GROWTH is positive and significant at 1 percent confidence
level, suggesting that an increase in the rate of real GDP fosters financial system stability.

Indeed, the higher the growth rate the lower the level of non performing loans, a factor of

vulnerability.
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INFLATION has a negative coefficient that is statistically significant at 5 percent
confidence level. This result shows that inflation is harmful to financial system stability,
owing to the fact that it distorts prices, erodes savings, discourages investment, stimulates
capital flight and paralyzes economic growth. Thus, a higher rate of inflation is associated
with a lower survival duration of financial system.

We can also notice that the coefficient of CREDIT is significantly negative at 1
percent confidence level, reflecting the detrimental effect of an over-expansion of domestic
credit on the stability of the banking system, and the financial system as a whole. Indeed,
because of the lack of perfect information, each agent observes the actions of others agents
judged well-informed and uses Bayesian updating to derives her own subjective probabilities
of future returns for her investment decisions. When the resulting gregarious behavior picks
up, it amplifies movements in prices and feeds a bubble that triggers a financial crisis when it
bursts.

The coefficient of NFDI is positive and statistically significant at 10 percent
confidence level. Thus, the results emphasis that an increase in NFDI helps prolong the
duration of financial system stability. This results may be explained by the fact that foreign
direct investment, intended to long term investment, are less volatile or speculative than
short term capital flows which are prone to sudden outflow. This result highlight the extent
to which the kind of capital flow is determinant for the recipient country.

As far as DEM and LAW are concerned, their coefficients are positive and
significant at 1 and 10 percent confidence level, respectively. These results are supportive to
the significant role that plays a stronger legal environment in sustaining financial system
stability. That is, the stronger the legal environment, the longer the survival duration.

More interesting is the statistically significant at 1 percent confidence level and high
negative coefficient of CONTAGION, testifying that the phenomenon of contagion plays
an important role for the eruption of banking crises. As emphasized above crises can
spillover to other countries through real links, financial links, or capital markets
imperfections such as herding behavior or panics.

For the purpose of contagion phenomenon illustration, let remind that the Mexican
crisis (1994-95) had a significant impact on other Latin American countries (notably
Argentina) plus Turkey; the 1997 Thai crisis spread to a number of other countries, notably

Indonesia, Korea, Malaysia, and the Philippines; the 1998 Russian crisis led to wave of
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market unrest that within a few months threatened a generalized collapse of emerging
markets- triggering pressures on Brazil and exacerbate Ukraine’s liquidity problems, which
were triggered in the wake of Asian crisis (Collyns, C. and Kincaid, G.R., 2003)"",

Moreover, a “bad history”, that is the experience of past crisis, jeopardizes the
stability of financial system by increasing the likelihood of crisis or equivalently by reducing
the survival duration. This striking result is shown by the negative and significant coefficient
of PASTCRISIS. In other words, countries that have experienced a crisis in the past are
more likely to face a banking crisis again.

Another salient result is that the coefficient of DIS is negative and significant at 1
percent confidence level. Thus, in contrast to the economic theory according to which
deposit insurance system may increase the banking stability by reducing self-fulfilling or
information-driven deposit runs, evidence here shows that the existence of explicit deposit
insurance system has a damaging effect on the duration of financial system stability. Indeed,
deposit insurance system encourages banks to finance high-risk, high-return projects, and
consequently leads to more bank failures and thereby to systemic banking crises if risks

taken by banks are correlated.

On the other hand, INTEREST and M2/RESERVES have, independently, a
negative, but not significant effect on the survival duration. Surprisingly, an improvement in
CAB has a negative effect on the survival duration; but this coefficient is not significant.
Moreover, fixed exchange rate regime (FIXED) increases the survival duration, while
intermediate exchange rate regime (INTERM) appears to increase the failure risk. But these
results are not significant. In addition, neither the negative coefficient of EMERGING nor

the positive coefficient of DEVELOPING is significant.

1 It is important to note that due to the geographical situation of Russia and Brazil, in this case, contagion
operated via financial markets.
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Table 3: Accelerated lifetime model estimations: weibull distribution

Dependent variable: lIl(D URATI ON)

Exogenous vatiables Model 1 Model 2
coefficients t student coefficients t student

GROWTH 0.127+* 2.43 0.130%#** 2.86

INFLATION*10-3 -0.8374 -1.51 -0.7355%* -2.20

INTEREST -0.009 -0.70 -0.008 -1.13

CAB 0.016 0.52 -0.010 -0.45

EXPORT -0.000 -0.02

LIQUIDITY 0.004 0.14

CREDIT -1.199** -2.00 -1.632%F* 3.33

M2/RESERVES -0.009 -0.57 -0.015 -1.27

NFDI 0.055 0.62 0.064* 1.98

FIXED 0.472 0.76 0.318 0.80

INTERM -0.298 -0.57 -0.764 -1.31

BUR 0.115 0.49

DEM 0.317#** 2.86 0.275%#* 3.06

LAW 0.053 0.33 0.142* 1.83

CORRUP -0.047 -0.26

CONTAGION -15.268*+* -5.09 -16.559%+* -5.37

PASTCRISIS -0.903* -1.84 -1.197kx -291

DIS -0.658 -1.34 -0.703** -2.35

EMERGING -0.049 -0.08

DEVELOPING 0.746 0.96

Constante 1.999 1.35 2.354k% 391

Episodes (crisis) 68 (31) 68 (31)

Observations 73 73

p 1.603 1.536

Log-likelihood -46.291 -48.591

Wald test 346.65%FF 279.68%+*

AIC 136.852 129.182

Note: ##*, #* * means significance at 1%, 5%, and 10% confidence level respectively.



5.2.3 Parametric method with unobservable heterogeneity

Table 4 reports the results obtained from Weibull estimation with unobservable
heterogeneity control. The results reveal that the parameter 6 that captures the presence of
unobservable heterogeneity is null, suggesting that there is no unobservable heterogeneity.
Moreover, the results are similar to those obtained from the estimations without
unobservable heterogeneity control. This may be explained by the fact that the former
regressions have included a large number of exogenous variables so that the remaining

heterogeneity that is unobservable is negligible.
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Table 4: Accelerated lifetime model estimations: weibull distribution with heterogeneity correction

Dependent variable: lIl(D URATI ON)

Exogenous variables Model 1 Model 2’
coefficients t student coefficients | t student

GROWTH 0.127%* 2.43 0.130%#* 2.86

INFLATION*10-3 -0.837 -1.51 -0.735%* -2.20

INTEREST -0.009 -0.70 -0.008 -1.13

CAB 0.016 0.52 -0.010 -0.45

EXPORT -0.000 -0.02

LIQUIDITY -0.004 -0.14

CREDIT -1.199%* -2.00 -1.632%F* -3.33

M2/RESERVES -0.009 -0.57 -0.014 -1.27

NFDI 0.055 0.62 0.064* 1.98

FIXED 0.472 0.76 0.318 0.80

INTERM -0.298 -0.57 -0.763 -1.31

BUR 0.115 0.49

DEM 0.31 1% 2.86 0.27 5% 3.06

LAW 0.053 0.33 0.142* 1.83

CORRUP -0.047 -0.26

CONTAGION -15.268*+* -5.09 -16.559%+* -5.37

PASTCRISIS -0.903* -1.84 -1.197#k* -291

DIS -0.658 -1.34 -0.703%%* -2.35

EMERGING -0.049 -0.08

DEVELOPING 0.746 0.96

Constante 1.999 1.35 2.354%k 391

Episodes (crises) 68 (31) 68 (31)

Observations 73 73

p 1.603 1.536

Heterogencity & 0.000 0.000

Log-vraisemblance -46.291 -48.591

Wald test 346.65%+* 279.67#%*

Akaike 136.852 129.182

Note: #*, #* * means significance at 1%, 5%, and 10% confidence level respectively.

Note that figures in this table differ slightly from that of table 3, beyond three digit number

after the comma.
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6. Conclusion

The paper has paved the way for future research by tackling the issue of financial system
stability in the duration models setting. The results reveal that factors such as real GDP
growth, high ratio of foreign direct investment to GDP lengthen the stability duration of
financial system, while high inflation rates, over-expansion of domestic credit, and contagion
phenomenon imperil it. The results also suggest that structural characteristics such implicit
deposit insurance and legal environment play an important role. While the existence of
explicit deposit insurance appears to endanger financial system, a stronger legal environment
reinforces the stability duration of financial system.

Another striking result is that the hazard for the stability duration is an increasing
function of time. A plausible explanation is that financial liberalization favors financial
globalization. And, the more an economy becomes integrated with international financial
markets, the more it becomes exposed to external shocks and contagion phenomenon. So,
the longer it remains stable by devoting much effort to resist to external shocks and
contagion phenomenon, the more likely it tumbles into crisis due to “financial stability
fatigue”.

However, it is important to note that, in this paper, we do not cast doubts on the
positive effects of financial liberalization, and broadly speaking, financial globalization. We
simply emphasize that the short-circuited stabilities (each lasting about ten years) that
experiences the financial system is the cost to grasp these positive effects.

Market participants and policy-makers should not loose sight of the fact that financial
system stability is not an everlasting process. Consequently, they should prepare themselves
for facing a banking crisis around every ten years. The main challenge for policy-makers is
therefore to manage the integration process under liberalization in order to take full
advantage of beneficial effects, while minimizing the risks that it carries. To achieve this goal,
an international financial coordination in prudential supervision and regulation policies is
required. For, under globalization, fewer policy tools are available to individual country’s

policy-makers.
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Appendix 1: Some survival distributions

Distribution Hazard Function Survival Function
Exponential A=y S(t)=exp[—(y1)]
Weibull

A0 =yp (yo)"

S() = exp[=(y1)"]

Log-normal

A= f(0/S(),

with f ()= (p/0)¢lpIn(y1)]

S(O)=P[- pln(y7)]
CD(.) is the standard normal

distribution function

Log-logistic

A =y ()" 11+ ()" ]

St)=1/[1+ (1) ]

Note. Source: William, H. Greene (2000), “Econometric Analysis”, Fourth Edition.

Appendix 2: Interest rate liberalization, banking crisis dates and episodes of stability

Duration of Censored

Periods of interest Banking Crisis date Stability banking periods

Country Name rates liberalization 1/ 2/ petiods stability  (yes=0,n0=1)
Algeria 1990-95 1990-2001 11 0
Argentina 1977 1980-82, 1989-90, 1977-1980 3 1
Argentina 1995, 2001 1982-1989 7 1
Argentina 1990-1995 5 1
Argentina 1995-2001 6 1
Australia 1982-95 1982-2001 19 0
Austria 1980-95 1980-2001 21 0
Bangladesh 1984 1980 1984-2001 17 0
Belgium 1986-95 1986-2001 15 0
Botswana 1991 1991-2001 10 0
Brazil 1989 1998-99 1989-1998 9 1
Brazil 1999-2001 2 0
Canada 1980-95 1980-2001 21 0
Chile 1980-95 1981-87 1980-1981 1 1
Chile 1987-2001 14 0
Colombia 1980-95 1982-85 1980-1982 2 1
Colombia 1985-2001 16 0
Congo, Dem. Rep. 1980-95 1980-2001 21 0
Denmark 1981-95 1981-2001 20 0
Ecuador 1986-87, 1992-95 1986-2001 15 0
Egypt, Arab Rep. 1991-95 1991-2001 10 0
El Salvador 1991-95 1989 1991-2001 10 0
Finland 1986-95 1991-94 1986-1991 5 1
Finland 1994-2001 7 0
France 1980-95 1980-2001 21 0
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Appendix 2 (continued): Interest rate liberalization, banking crisis dates and episodes of

stability
Duration of Censored
Periods of interest Banking Crisis date Stability banking periods
Country Name rates liberalization 1/ 2/ periods stability  (yes=0,n0=1)
Gambia, The 1986 1986-2001 15 0
Germany 1980-95 1980-2001 21 0
Ghana 1987 1987-2001 14 0
Greece 1980-95 1980-2001 21 0
Guatemala 1989-95 1989-2001 12 0
Guyana 1991-95 1993-95 1991-1993 2 1
Guyana 1995-2001 6 0
Honduras 1990-95 1990-2001 11 0
Hungary 1990 1990-2001 11 0
India 1991-95 1991-94 1991-1991 1 1
India 1994-2001 7 0
Indonesia 1983-95  1992-94, 1997-98 1983-1992 9 1
Indonesia 1994-1997 3 1
Indonesia 1998-2001 3 0
Ireland 1985-95 1985-2001 16 0
Israel 1990-95 1990-2001 11 0
Ttaly 1980-95 1990-94 1980-1990 10 1
Italy 1994-2001 7 0
Jamaica 1991-95 1991-2001 10 0
Japan 1985-95 1992-94 1985-1992 7 1
Japan 1994-2001 7 0
Jotrdan 1988-95 1989-90 1988-1989 1 1
Jordan 1990-2001 11 0
Kenya 1991-95 1993 1991-1993 2 1
Kenya 1994-2001 7 0
Korea, Rep. 1984-88, 1991-95 1980, 1997-98 1984-1997 13 1
Korea, Rep. 1998-2001 3 0
Malaysia 1980-95  1985-88, 1997-98 1980-1985 5 1
Malaysia 1988-1997 9 1
Malaysia 1998-2001 3 0
Mali 1991 1987-89 1991-2001 10 0
Mexico 1989-95 1982, 1994-95 1989-1994 5 1
Mexico 1995-2001 6 0
Morocco 1991-96 1991-2001 10 0
Netherlands 1980-95 1980-2001 21 0
New Zealand 1980, 1984-95 1980-2001 21 0
Nigetia 1990-93 1991-95 1990-1991 1 1
Nigeria 1995-2001 6 0
Norway 1985-95 1987-93 1985-1987 2 1
Norway 1993-2001 8 0
Pakistan 1995 1995-2001 6 0
Papua New Guinea 1980-95 1989-95 1980-1989 9 1
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Appendix 2 (concluded): Interest rate liberalization, banking crisis dates and episodes of

stability
Duration of Censored
Periods of interest Banking Crisis date Stability banking periods
Country Name rates liberalization 1/ 2/ petiods stability  (yes=0,n0=1)
Paraguay 1990-95 1995 1990-1995 5 1
Peru 1980-84, 1990-95 1983-90 1980-1983 3 1
Peru 1990-2001 11 0
Philippines 1981-95  1981-87, 1997-98 1981-1981 1 1
Philippines 1987-1997 10 1
Philippines 1998-2001 3 0
Poland 1990 1990-2001 11 0
Portugal 1984-95 1986-89 1984-1986 2 1
Portugal 1986-2001 15 0
Russian Federation 1995 1998 1995-2001 6 0
South Africa 1980 1985 1980-1985 5 1
South Africa 1986-2001 15 0
Spain 1974-81 1977-85 1974-1977 3 1
Spain 1985-2001 16 0
Sti Lanka 1980-95 1989-93 1980-1989 9 1
Sti Lanka 1993-2001 8 0
Sweden 1980-95 1990-93 1980-1990 10 1
Sweden 1993-2001 8 0
Switzerland 1989-95 1989-2001 12 0
Tanzania 1993-95 1988-95 1995-2001 6 1
Thailand 1989-95  1983-87, 1997-98 1989-1997 8 1
Thailand 1998-2001 3 1
Togo 1993-95 1993-2001 8 0
Tunisia 1990-1994 1990-2001 11 0
Tutkey 1980-82,1984-95 1982 1980-1982 2 1
Tutkey 1991 1982-1991 9 1
Turkey 1994 1991-2001 10 1
Uganda 1991-95 1991-2001 10 0
United Kingdom 1981 1981-2001 20 0
United States 1980-95 1980-92 1980-1980 1 1
United States 1992-2001 9 0
Uruguay 1980-95 1981-85 1980-1981 1 1
Uruguay 1981-2001 20 0
Venezuela, RB 1989-95 1993-95 1989-1993 4 1
Venezuela, RB 1995-2001 6 0
Zambia 1992-95 1992-2001 9 0

Sources. 1/ and 2/ : Demirguc-Kunt, Ash, and Enrica Detragiache (1998), and Lindgren Catl-Johan, Gillian

Garcia, and Matthew 1. Saal (1996).

Note: Note that only severe crisis dates are reported here. Countries that experienced bank runs or other

substantial portfolio shifts, collapses of financial firms, or other massive government recapitalization are

recorded as severe crisis countries (Lindgren, Garcia, and Saal, 1996).
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Appendix 3: countries, exchange rate regime, and deposit insurance system

Algeria (I, 4), Argentina (II, IV, 3), Australia (I, 1), Austria (II, IV, 6), Bangladesh (III, IV, 4), Belgium (I, IV,
6), Botswana (111, 5), Brazil (I, IV, 3), Canada (I, IV, 7), Chile (III, I, IV, 3), Colombia (I, IV, 3), Congo,D.Rep
(L, 5), Denmark (11, 1V, 2), Ecuador (III—>1, 1V, 3), Egypt (111, 4), El Salvador (I— 111, IV, 3), Finland (II, IV,
2), France (11, 1V, 6), Gambia (I, 5), Germany (II, IV, 6), Ghana (I, 5), Greece (I, IV, 6), Guatemala (I, 3),
Guyana (I, 3), Honduras (I, 3), Hungary (I, 1V, 2), India (I, IV, 4), Indonesia (I, 1), Ireland (IL, IV, 6), Italy (II,
1V, 6), Israel (I, 4), Jamaica (I, 3), Japan (I, IV, 1), Jordan (II, IV, 4), Kenya (I, IV, 5), Korea (I, IV, 1), Malaysia
I, 1), Mali (II, 5), Mexico (I, IV, 3), Morocco (III, 4), Netherlands (II, IV, 6), New Zeeland (I, 1), Nigeria
(III—1, 1V, 5), Norway (I, IV, 2), Pakistan (I, 4), Papua New Guinea (I, 1), Paraguay (I, 3), Peru (I, IV, 3),
Philippines (I, IV, 1), Poland (I, 1V, 2), Portugal (IL, IV, 6), Russia (I, 2), South Aftica (I, 5), Spain (I, IV, 5), Sti
Lanka (I—111, 4), Sweden (I, IV, 2), Switzerland (I, IV, 6), Tanzania (I, IV, 5), Thailand (I11, I, 1), Togo (1L, 5),
Tunisia (I, I>111, 4), TurkeyI—111, IV, 2), Uganda (I, IV, 5), United Kingdom (I, IV, 7), United States (I, IV,

7), Uruguay (1111, 3), Venezuela (111, 3), Zambia (I, 5).

(I) means flexible exchange regime; (II) means fixed exchange rate regime; (III) means intermediate exchange rate regime;
(IV) means explicit deposit insurance system; —> means shifts from...to...

Sources: (I), (II), and (IIT) from Powell A. (2000) (IV) from Garcia, Gillian G.H. (1999)

1), @), (3), 4), (5), (6), and (7) stand for the respective regions: East Asia and Pacific, Europe (II) and Central Asia, Latin
America and the Caribbean, Middle East and North Africa, Sub-Saharan Africa, Europe (I), and North America. Soutce:

our classification.
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Appendix 4: Definition and sources of variables included in the regressions

Variables Definition Sources
GROWTH Rate of growth of real GDP World Development Indicators (2002)
INFLATION Change in consumer price index World Development Indicators (2002)
CAB The of Current account balance to GDP World Development Indicators (2002)
EXPORT Ratio of export of goods and services to GDP World Development Indicators (2002)
LIQUIDITY Ratio of bank cash and reserves to bank assets World Development Indicators (2002)
CREDIT Rate of growth of domestic credit provided by the | World Development Indicators (2002)
banking sector
M2/RESERVES | Ratio of M2 to foreign exchange resetves of the | Wotld Development Indicators (2002)
Central Bank
NFDI Ratio of net foreign direct investment to GDP World Development Indicators (2002)
FLEXIBLE Flexible exchange rate system Powell, A., (2002)
FIXE Fixed exchange rate system Powell, A., (2002)
INTERM Intermediated exchange rate system Powell, A., (2002)
BUR Bureaucracy index ranging from 0 to 4 International Country Risk Guide
(2003)
DEM Democracy index ranging from 0 to 4 International Country Risk Guide
(2003)
LAW Law and order ranging from 0 to 4 International Country Risk Guide
(2003)
CORRUP Corruption index ranging from 0 to 6 International Country Risk Guide
(2003)
CONTAGION Equals 1/ n (I’li is the number of countries | Author
belonging to the same region I), if a neighboring
country has experienced a crisis in the last three
the years, or zero otherwise
PASTCRISIS Dummy variable taking the value one if the
country has experienced a crisis in the past, or | Author
zero otherwise
DIS Dummy variable taking the value one if the
country has an explicit deposit insurance system Garcia, Gillian G.H. (1999)
DEVELOPED Dummy variable taking the value one if the | \World Development Indicators (2002)
country is high income country or zero otherwise.
EMERGING Dummy variable taking the value one if the |Standard & Poor’s (2000)
country is emerging country or zero otherwise.
DEVELOPING | Dummy variable taking the value one if the | World Development Indicators (2002)

country is developing country or zero otherwise.
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