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Abstract

This paper aims tocontribute to that eveexpanding branch of the economic literature
focused on the study of systemic banking crises and the development of statistical tools able
to detect the signals of their occurrence in advance (Early Warning Systems). In particular,
the threestep analysis, which constitutes the empirical cofethe work wans to provide

robust evidences of the detrimental influence exerted bpdbicrisis biason the predictive
eficacy of the binomial logistic model and whether this phenomenon magnifies along with
the duration of the crisis episodes under scrutiny. Lastly, the average crisis duration, on a
country basis, is linearly regressed on several econgpaltical and institutional metrics to
further investigate which features usually distinguish those countries more prone o long
lasting defaults. Results show that modekich do not account for any specific pasisis
solution systematicaly undemgerm the ones adopting i, across different sample
composttions and crisis definitions. Tpestcrisis biasstrikes harder as longéasting events

are considered in the tests, suggesting that the-rdd@ed distortion inflates for those
countries whib, at least historically, are more exposed to durable defaulis. As emerged by the
utimate linear regressions, this peculiarity is associated to wealthier economies (in terms of

GDP per capita), more distributed and open financial sectors.
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Chapter I:

Introduction

The effort exerted by the economic research community in studying the determinants of
systemic banking criseand their employment to forecast these pecular phenoinesaa

relative recent history. The first major event that triggered interest over this topic was
undoubtedlythe Great Depressionf t h e late 620s, t hat bur st I n
contagion through several countries all over the worflthe huge realeconomic costs
characterizingthis episode as well as otherslistinguished bya banking sector collapsare

dificut to be computedwith precisionbut were enough deep to highlight the pressing need

of understanding the nature of these phenomena and the signals that could thedtect
occurrencein advance Since then several papers have been produced in the attempt of
identifying the causesand the best modehble to describe angredict the oncoming of a

systemic crisis in other words a Early Warning Systa (EWS) At the light of the massive
detrimental effect that a banking meltdown has on the leve ofount ry6s -economic
being, the contribution that a simiar tool could give to the polcy making process is
unquestionableand pricelessHowever, despite theemarkable workproducedso far recently

boosted bythe latestwaves of crisestarted int he e ar | gxistitg &ebatie hast note

been able todelver a sufficiently extendedset of standard indications regarding which

framework and variables would consistently with most of the systemic episodes
experienced so far by worldwide countrieShis mismatch is due toeither structural
differences amonghe empirical exercisesregarding executive choices taken by the authors,

or the distinctiveand evolving nature o$ystemic banking defaults all over historyFirst of

al, it stil does notexist a universaly agreeddefinition of fsystemic banking r i s i s 0. Thi s
forced researchers to choose among few alternatilgtions proposed P the creators of the

main criss dating databaseswhich inevitably shaped the models and their results under a
subjective perspectiveMoreover severaldifferent statistical modelshave been employed as

EWS but, atthough just a handful of them have been usetieinvast majorityof the works, no

one graduated as universaly accepted standard due to intieidual drawbacks Other

imitations, and so possible roofor improvements, come from the selection of the indicators

to be colected and included in the model to significantly predict the outburst of a crisis.

During the last decadegens of them have been evaluatedngng from macroeconomic



through micr@conomic and banking sector relatedes to variables reflectinghe wealth of

the real economy and the robustness of the institutional structure of a cturgpje of the

effort, just few of them have demonstratiedbe strongly relevant in most of the papevkile

many are not even available for a large number of coyntfesn forcing researchers to test

their models on aestricted number of observationsScenario that makes it even harder to
conduct a robust analysis on events such as system banking crises which are notoriously rare
even over large timespanginally, discrepancies among the characteristicghef datasets,

mainly due to the strongly dferent economic environment distinguishing some regional
clusters of countries or even countrgpecific ones led to conficting results and the

increasingly solid feeling that a universallyacceptecEWS isstil far from beingachieved

For what may concern thpredictive modelsbuit so far, two frameworks have been leading
the empirical scene on banking crisesspeciallyduring these last two fruitful decades. The
frst is the signal approacha systematicstatistical model,introduced by Kaminsky and
Reinhart (1999 in ther pioneering papeon the twin crises (e. the concomitantoccurrence

of banking and currency crigesThe proposedmethod allowed for verifying the predictive
capacity ofsome of the most discussed indicatafs banking crisesby individually testing
them againsta threshold valueWhether the variablehad exceeded this safety level, then a
warning signal would have been triggerdfithe warning demonstrated to be able to predict
the oncoming of a crisis witha horizon of 24 months, it would be considered a true signal.
The approachaccuracy have been progressively improved by setting the threshold value in
order to minimize the so caled noigesignal ratio thatis theratio between fads signalsand
true ones Nonetheless snce its first application,this counterintuitive approach presented
some major drawbask It did not permit to measurethe marginalpredictive contribution of
the single variable, as there was no room for distinction amdiegedi levels of abnormality
in its behavior Moreover it did not count for the aggregateeffect of the indicators being
imited at their standhlone testing. Atthough the original authors (Kaminsky and Reinhart,
1999 attempted topartially cover these deficiencies by introducing compositiexes and
multiple thresholds to account fadifferent levels ofdeterioration in the variablealue, the
statistical solution implemented byemirgicKunt and Detragiache (1997) proved to
overcome most of the signal approach weaknesses and outpdrfoasi EWS. They
considered the early warning indicators as explanatory variables integragetinamial logit
regression modelyvhere thedummy dependentariable took value dL6 in case of crisis period
and @6 otherwise. Thebehavior of theindependentvas shaped bya logistic functionin order

to restrict the possible outcomegthin the unit interval. The parametersestimated along with



the variables were interpreted as measure of their contribution to the probability of
experiecing a crisis, addressing the proper weight to each independent vafiaklesolution
improved the model performances, bothsample andout-of-sample, butat the same time
introduced new diemma. For example,over the way in whichthe observed years following
the burst of the crisishould be treatedas in those periodbe values of théndicatos are due

to be deeply altered because tife stressingstatus of the banking system and the overall
economy Two possibletreatmentsconsistin either considering theeriodsin the aftermath of
the financial collapseas simple tranquil periods thus denyingthe existence of this issuey
eliminating them fron the sample. Both solutonsedr heavy costs implying a reduced
estimation efficiency andthe loss of possible relevant information.With the purpose of
avoidng the shortcomingsdue to beprovoked bythe so calledpostcrisis bias or crisis
duration bias a new econometric framework hastered the scenthanks to the effort of
Bussiere and Fratzsch€éR006 in their currency crisesstudy The modelat issueis the
multinomial logit approach thahot only is an effective tool in ading the postcrisis bias
but, in its frst tests on financial criseseemsto outperform its predecessor in terms of
predictive power(lower Type | and Typell errors). However its application in thebanking
crises field is almoshewly bornand despite its recent positive performancits employment

is stil really imited. Nonetheless, even the author of this paper strongly kel this

path is the right one towards the development of a successful EWS for banking sector crises.

Accordingly with what exposed above, with this work the auth@nts to provide furtheand
stronger evidence on the estence of thepostcrisis bias and the effectiveness of the logit
approach either binomial or multnomial,in handling it. Together wih this task | wil
investigate the Ilnk (if any) that biedthe crisis duran with the qualty of the EWS
performance, in order to possibly draft valualgelcy advises on how to fruitfuly pool
sample of countries on the basis of their inclinatoward longlasting crisis experienced.0

my knowledge,a similar challenge has never been takmfore. Thesegoat are deened to be
achievable through various empirical step$irst of all it is needed to justify the suspects
raised overthis postcriss specific drawbackThis can be reachetthrough the implementation
of a horserace comparison betwedhe performances of binomial models that either adopt a
well-known postcrisis treatmeni(or implementing amultinomial model) or do not accountt

all for the crisis duration bias During this phase there wil be also plenty of room for
colecting and interpreting the information returned by the models on the correlations that
bind candidate determinants and the probabiity of an oncoming crisis. Nesgthany

detected relationship should be treated with caution as it may not necessarily refiect a direct

8



causal link. Thereafter by benchmarkingthe forecasting accuracy obinomial modes on
groups of countriegdiscriminatedon a crisis duration basi$¢ will target the duratiomelated

goal Conducting thislatest exercise Wi possibly allow to sked a brighter light over the
impact that the presence foing lasting crisedhas on the predictive abilty of the model (in
terms of AUC areapnd the overhlkcapacity of the proposed solution to tackley emerging
defciency In a second monmd, the author wil attempt to investigate which features of a
country economic, poltical and institutional landscape are more correlated to the occurrence
of long lasihg crisis events. For this scope,variable containing the average crisguration

over the explored tim period and on a country bas®uld be regressed ondisparate and
sizable list of variables in a lnear and crsestional analysis.This experimental section
shauld underline if any, the characteristics of those economies that, on average, are more
susceptible to durable banking crises and therefore, in implementing a specific B, s
warmly consider to adopt postcrisis biasappropiate solution The outcome of these tests

are expected tgrovide valuable indications either on which statistical modekould beter fit

the specific issues carried by the banking crisis prediction taslowdhow to setip a solid

early warning frameworkacross severalountrywide specifications

Empirical resultsfrom the first logistic session suggest that lagged increments in infiaion,
higher wulnerabiity to sudden capital outiowa soaring credit from financialto private

sector anda greater level of iliquidity in the banking systeare all signals connected witim a
increase in thelkelhood of experiencing a systemic crisiNegative fluctuations in the
nominal official exchange rate and the net open posi@io, as proxy for banking system

FX exposure,ar e expected to exert the same effec
sector, although these findings have not proved uniformly sti@eg robustness tests)
Beside considerations related to thmlnvidual determinants of a crisis, the binomial logit
approach hadeendemonstrated vald in fuffing the EWS duties, exhibiting satisfying fpost
estimation metrics and generatihg AUC areas awgngater than 0.70. The multinomial
approach, as wel, perming slightly better than its binomial versignhas confirmed its
authority in the role of EWS and provided valuable information over the forces responsible to
hold a country within the crisis statén this matter, an enduring economic recessignwing

terms of trade, an increasing susd#y to capital outflows andhe degree of iliquidity of

the banking sector proved all worthy signals of a prolonged permanence under stressed
conditions. Despite thepredictive differencesbetween these taeworks either binomial or
multinomial results frmly confrmed the qualty deterioration caused by thestcrisis bias

During the second empirical phase, the outcomes from several binomial logit tests have been

9



plotted highlighting the positive relatiship existing between an average crisis duration

variable and the disruptive effect brought about bydisis duration bias The same duration

variable, one employed as regressamda linear regression analysis, he®wn to besolidly
andpositively related to a countryds iTocome pe
test the robustness of these findings, the whole empirical batch has been repeated employing a
different crisis dating procede (Laeven and Valencia, 2012This doublechecking process

is useful not only to stress results under a different perspective but also to diversify the risk
incurred by relying on a single crisis definition, undoubtedly affected by certain degree of
subjectivity. Thanks to this additidnaanalysis, rain evidences on thepostcrisis bias

existence and the duratioualty relatonship have been further corroborated and

strengthead

The paper proceeds as folowShapter 2wil review some of the most important findings
achieved so farin matter of determinants obanking crises andtheir most supported
theordical interpretations in the attempt of providing the reader with an adequately accurate
portrait of the dynamicshat tend to breed banking sector fragily brief recap on which
features ar e deemed t o characterize countrie
included too.In the closing part of this chapter | wil alsexamine in detail the statistical
mode$ that gathered the strongest consensus in the role of B¥WS/stemic banking crises
and among them the logistic ones tial play a leading role in my analysi¥he specifics of

the data samplethe dependent and the independent variables that keil part in thelogistic
exercises arall topics treated iChapter 3 while the execution andresults of the empirical
test are ilustrated and described @hager 4 Robustness tests ars@nsitivity analysis and

the concluding remarkare exposedespectivelyin Chapter sand Chapter 6

10
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Chapter II:

Literature Review

2.1An historical overview onsystemicbanking crisesand their determinants

The latest systemic shock experienced by financial markets amétional banking sectors
culminated in the Great Recessiowhich officially started in 2007 has been the ultimate
proof of the deteriorating power that a fragile bagksystem has on the real economy of a
country once a crisis burstAtthough the magnitude of this crash has been considered lower
justcompared to the Great Depression of the | at
in the history of systemic banking faiures. In fat find the very first documented episode
in this matter we must gfar back to the 33 A.Din the Roman Enige, when Tiberius Caesar
had to face a widespread closure of banking housesrajed by a mix of factors (Calomiris
1989). Some of them are undoubtedly a thing of the past, as the sinking of some ships
carrying uninsured cargo or the slave revalthile others, such as liquiditydraining by
governmentsponsored projects ardternational contagion, ocabe found even in some recent
defaults. Since then the banking sectoremt through a radical evolution, however then as
today it is stil closely intertwined with elements of the real economthe institutional and
poltical frameworks. Its cerral position within the economic landscapé a country is the
natural consequence of the intermediary role played by banks in the credit busimess
feature made the bankingsystem wulnerable fronshocks of various origins, amplifying the
scope of the study for those researchers that diaateshed a light othe causes of a systemic
banking default.

As anticipated in the introductory chapteihe interest over i topic has reached a
remarkable level just after the everftdlowing the Wall Street stock exchange crash on
October 1929 an its muliple banking colapsesThe economic turmoil generated was
tremendous eroding GDP, employment leyelinternational trades and productionn all
sectors (although primary sector indusiries agricuttural and miningsuffered the most).
From 1929 to 1933 banks all overthe United States experiencesquentiakuns to deposits
that led to the erosion of the liquiditp the system and the consequent bankruptcy of more
than 15000 banks(Caprio and Kilingebiel, 1997 Eventualy the banking downturn
demonstrated to be more painful than the stock collapsethefiscal cost to baiout the

banking sectorand the losses due the economic slowdown wereuge. Thereafter one

12



major debate that developed during thet"2@entury wasfocused on the impactof the
macroeconomic environment on the lkelhood of a systemic banking crisis. For several
decades after the Great Depressone major belief was thaiflused runs on depositsvere

t he resul t s selfufiling dexpectatons,t asirndyd sustained by Diamond and
Dybvig (1983), and the asymmetric information between banks and depositors over the
quality of assets omed by financial institutiors. This explanation was supported by the
classic view under which individual bank sunould become systemic just in the presence of
three elemers: opaque information over bankssets that could lead to runs over solvent
firms, sequential servicing which allows depositors to withdrdneir funds until the bank
closesand the lack of a credible lender of last resdunder these assumptionsidespread

bank runs wre detonated by information shocks thatventually could have threaten the
stabiity of solvent but iliquid banks. Ithis wasthe case, systemic defaulkvere principally a
matter ofunwarr ant ed Apanico and Acont agi on of
Kindleberger, 1978 Although this theory has provedble o partially describethe contagion

at the base of th&reat Depressignto most of the researchers in the fidids explanation
seems ovesimplistic and scarcelyapplicable to the new wave of banking distress started in

t he 80s.rThege yéars willso mark the beginning of a fégtiperiod for the literature, as
systemic crises prolferated until tHatest unfamous events in 200Betweenthe end of
Worl d War 1 g nhd babkimge secwra exgesgencedl 7aOprolonged and steady
tranqui peiod with almost no systemic risis recorded. This peaceful timespan was
principally due to a bunch of factors: a relative stable macroeconomic environriemt,
inflation, a spread economic growthax monetary policy,the introduction of the Bretton
Woods system and a senee regulatory framework ob a n lbadaice sheets to prevent them
from taking excessive risksAs these elementiell apart starting from the dissolution of the

peg system in 19730 an increasing macroeconomic volati{partialy fosteed by the ol
shock) and a loosening of the capital and overall regulatory requirements to the banking

sector, a new wavef systemic defaults spread in both emerging and advanced economies.

2.1.1 Macroeconomic forces

One of the frst in empiricaly supporting the causal connecton between some
macroeconomic key indicators and banking sector fragity was Gam (1988), whose

findings have been later on strengthen by several major authors in the field.
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His study on the US National Banking Era suppbrtbe business cycle vieaccording to

which diffused runs were the results of shocksame economics fundamentals. Theaher

than being detonated by panic, a systemic meltdown would be the consequence of an
underlying economic recessionUn d e r t his Abusiness ,cKsesl e o t he
normally follow periods of economic boom characterized by constantly growing GDP and
large availabilty of liquidity in the market. Along with the wealth of the econostgck
market prices and spelative investments on specific businesses soar, faciitated by diffuse
overoptimsm among investors. Apart froman expansionary monetary pojicythis
speculative bubble is financed throughcredit boomthat in its turn is allowed bjax lending
standals a permissive financial regulation and veeak supervision.Once the speculative
bubble reaches its peak antburss, faling asset values andhcreasing share of nen
performing loans, due td o r r o mabiity snépaying back their obligationsyould deeply
deteriorateb a n kaalce sheets that would found themseles stuck between the iliquidity of
their assets and the liquidity of their liabiiti€sspeciallyfor current accounts)Once again
depositors would play a crucial rolas by withdrawing their funds thewould relentlessly

drain bank resources, leading the institutions towards iliquidity and insolefggveral of
these aspects can be also found in the latest US real estate aobdimiarly in the early

0 % (0n Japa. Athough the analysis of5orton (1988) was based on a coudpgcific sample
concentrated on a restricted timespan, it had the merits of demonstrating that banking crises
were not just a consequence of am@ous random variabldsut had their roots inthe
economic environmentAs a consequencethey were at least partially,predictable events.
From this miestone gnseveal macroeconomic indicators haven considered imost of

those studies dealing withthe determinants of systemisanking crises. Few of them have
demonstrated to be strongly significant in predicting distress peribdshe attempt of
explaining theforces able to foster the oncoming of a crifiemirgii¢Kunt and Detragiache
(1997) found to be relevant and positie correlated to the probabiity axperiencing a
banking crashthe following fluctuations a dowdown or decrease in GDBrowth lagged by

one period high inflation, high real interest ratea sudden spike in capital outfioand an
increasingM2-to-Reserves ratiqsuggesting that bank exposure to currency crises plays a role
in setting the stage for a banking dejaukhis paper represents a masterpiece betauseof

the innovative econometric approactemployed (multivariate binomial logit) and i
significant findings on some main macroeconomic variables. The robustness of its results has
been repeatedly confrmed by numerous authors that tested the indicators with different
models and datasets. Among them, Hardy and Pazarbd o a(ll999) implementing a

multinomial logit approachproved the predictive capacity of some signalsa sharpdecline
14



in real exchange rates, a collapse in capital infiows and a decrease in the terms & trade.

lagged reduction in the terms of trade, the ratween exports and imports, is registered
even by Davis and Karim (2008) which confirdhthe variable, alongvith the growth rate of
GDP, to bea valuable early warning indicator for féédged crisis episodes$:avorable terms
of trade movements areuel to proxy lower exchange rateased market risk and lower
chances of currency crisiiKaminsky and Rahart (1999, in one ofthe mostcited literature
pilars, suggestthat good proxies for banking system wulnerabiity arecavnward movement
of the real exchange rate, a decreasing 4ham capital inflows on GP, a collapse of the
stock market as wel as confirming the role played by GDP growth and interest rEbes.
influencing capacity ofstock marketmovements orthe stability of a nadnal banking sector
has been graduallyaldated by the works of several researche@aprio and Klingebiel,
1997; Borio and Lowe, 2002).

However, in spite most of the variables just listed are al backed by a robust theoretical

explanation only few of them such as thennual growth rate of GDPnflaton and interest
rates gathered consensus tihe vast majority of thepapers.As an example,ni contast with
what discovered by Kaminsky et al.(199@emirgicKunt et al. (1997)proved the real
exclange rate variable to be insignificant and vice veksaminsky et al.(1999)found
irrelevant the contributions of the M2o-Reserves ratio and therms of tradeAs anticipate,
this disenance among the results nsainly due because otore differences bth in the data
samples employed and in the very nature of libeking crisis episodesall over the world.
First Latin American t umanylpompedby externalfadtonse
and exchange rate policieghile the saving and loans debacle in YS&L) was much related
to bankng sector deficiencies, aveak regulation and supervision, financial liberalization a
generous deposit insurance schem@@emirgi¢cKunt and Detragiache, 2005)As a
consequenceof this variey, researchers haweot circumscribed their sphere of action to the
only macroeconomidundamentals In fact, despite a healthy economic environment is proved
of being able tolower the wulnerabiity of a banking sector to a systemic ¢réstould, to

some degree, havthe reverse effecby eroding incentives for prudent batk (Caprio and

eal

Klingebiel, 1997. Macroeconomic developments, Bavin and Hausmann (1996Jc hai no

analogy, represent just one of the forces #hartstension onthe chain, the dnking system.
Thus, economyvide factors would notell us anythingabout which is the weakest link and
which are the flaws of the chaifrom this statement can be easily deduced thaven credit
industry specific featurescould play some role in determining the wulnerabiity of the

financial system.
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2.1.2 Microeconomic factors

The relevance ofthe peculiar characteristics of the banking secamd its degree of
connection with certain segments of the economy has temsiving attention fromnumerous
authors during this last two decades. one year lagged credit growth has been largely
recognized as a strongly significant signal of oncoming banking is®esirgicKunt and
Detragiache (1997) emphasizededit growth role, espedy if addressed to the privat
sector. The role of a credit boom in setting the stage for a systemic collapse hasebeatly
confrmed by Navajas andhegeya (2013 that tested the predictive power of some FSI
(Financial Soundness Indicatorshmong the most recent paperthe one developed by
Boissay, Collard and Smetg2013) is noteworthyas it does not only confrms the widely
approved postive correlation betwean expanding credit availabiitgnd the lkelhood of a
systemic banking crisis but alsoby entirely focusig on the credit boom phenomendurther
improves our knowledge on its relationship with a crisis. Larger cgedith ratesseem to

be associatedo: higher crisis probability, smaller timelag til the burstof the crisis andin its
aftermath,a deeper and longer recessi@uring my regression analysis on the average crisis
duration there wil be room to marginaly verify this latest aspebe @edit boomrelated
threat would eventualy be amplfied whet lending, as much as risk, wasncentrated in a
particular sectof icommon ri sk fact or.oLana B\yholmand Sarlid Lowe,
(2014) statistically prowkit for the real estate market on a sample of European countries. As
well as for advancedeconomies, lack of risk diversification is a major source of banking
vulnerability even in emerging market countries where eggnand so investments are
normally focused o a lmited bunch of businesseNonetheless, under these conditioegen

the magnude of the depression broughbout by the crisis should exponentaly inflate.
RojasSuarez (1998 in their Latin America analysisadoped an approach simiar to the
CAMEL framework used for the identification difdividual distressed banksThey found to

be goodearly warning signalsthe loanto-deposit interest ratespread the deposit interest
rate andinterbank debt growth. Loato-deposit spread is just one of the proxies for financial
lberalization that consolidagethe theoretical belef thatvants crises preceded by dgeep
deregulation of the financial sect@and an increased competition among bankEirglings in

this regard are also those computeyl Honohan (1997) that confirmettie validity of high
loanto-deposit spread and a high foreign borrowimglepost ratio as good indicatos for
future banking instability Even the currency mismatch between assets and liabilties that may
emerge when banks borrow or lend abroad could have a pbtetisaliptive effect on the

banking system proftabiity.As sustained byDemirgigKunt and Detragiache (1997)f
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banks havea foreign exchange open posiion they would be much more susceptible to
domestic currency fluctuationdBy lending at home in foign currency they could rebalance
their exposure towards foreign exchange volatity but it would mean loading with the
currency associated risks the domestic loans, thus increasing the share-parfooming
assets in case of exchange rate shock. Caggéaral. (2014) empirically demonstrated these
allegations, finding relevant and negative the relationship between the occurreacerisit

and thenet open posttiorof the banking systemmeasured as the ratio between net foreign
assets and GDPStil looking at banking balance shefigures, they even verified the role
played by a lquidity ratio as early warning indicator and its positive correlation with the
likelhood of a fullledged default. This outcome is largely supported by theory Rsoxied

by a soaring credio-deposit ratio, a drop iliquidity of balance sheet itenis expected to let

a bank more wulnerable to sudden massive deposit withdrawals (a run on deposiisgr
study that adopted single barfialance sheet figures thet systemic dimension wabke one
carried on by GonzalezHermosillo (1999). They ound ou a relevant deterioration in
performing loa quotasand capital asset ratios right before the burst of a crisis, fostering the
theory that wast a crisis peceded bya cyclcal downturnA decrease in capital requirements

is also expected tdncreasethe exposure of bankédo deposit or 6s run.
intution, L i h 8§ k and S ctdstece and fou{ HgbiiCait )a lagged decrease in the
mandatory capital to riskeighted assets, discoyethat later on would bestrengthen by
Lain™, Nyholm and Sarlin (2014). | ndanheir
aggregated version of bank ratiggSl), which are usuallytaken into consideration during
individual bank stress tests, as indicators of the overal systé@rability toward shocksA
declining returnon equity ratio had the strongest predictve power among theted indexes
(result confrmed by Navajas and Thegeg813).

Other banking sectorelements that le outside of pure technicatios regard banking
ownership concentraton and the presence of foreign banks within a national financial
system. Caprioand MartinezZPeria 2000) gave empirical support to the frsine of them,
finding that stateowned banking sectors are m® prone to systemic collapseshe belief
upon a possible negatieffect of the presence of foreign barth@s been matter for debates
too. These were suspected to raise crisis probabiity through contagjonyithdrawng
resources from the host coudirg b r @ riacehproblematic conditions at home, andr thei
presumed shoiterm commitment in the local economgevdopment. Worries thatwere
empiricaly denied by DemirgiKunt, Levine and Min (1998) that instead suggested a

negative correlation between foreign bankesenceand the risk of crisisUltimately, Beck,
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DemirgigKunt, and Levine (2003 showed that banking crises are less lkely where the

sector is more concentrated and the regulation is favorable to compéltien.role of

banking structure is one of the most strordlbated issue that stil does riod a widely-
agreedconclusion. Large bks are supposed tbring some advantages to the system: more

diversified risks,enhancd profits allowing for a safety buffer in case of adverse shock and an

easier supervisiorprocess (Alen and Gale, 2000). On the other hand, the so caled
Aiconceht agtliiotyd view wants | arger banks to |
mo s t of the times their capital is implicitl:y
f a ifdskion Furthermore, a concentrated banking sector could deteriorate information
transparency and, by gathering market power on the hand of a very restricted number of
institutions, it may induce borrowing firms to take higher risks to compensate ldes

competive lending interest ratesThis latesthypothesishas been also empirically tested and

validated byBoyd and De Nicolo(2003). This heateddebatewil inspire my decision to

include and test in my duration analysis quite a few proxies for banking catioanin any

case, th@opic keeg on being controversialleaving room for future investigations.

The role of competiton as well as concentratiohjas been a fertie field focontroversy
Theoreticaly speakingbeing a proxy for financial lberalization, soaringcompetition would
reflect a deregulation process being in plaEer Kaminsky and Reinhart (1999), the same
role would be fulled by an increasing real interest rate and money multiplier, reflecting
reduction in reserve requiremenid/ithin the same investigatioframework it was found that
almost 70% of the crise studied since 1970 wagreceded by some kind of financial
lberalization within the previous 5 yearA loose regulatory framework on this matter could
consist in measuresuch as the removal of interest rates ceiings on deposits, easy access to
the credit market for norbank financial frms,lower restrictions on capital requirements and
riskier actwvities that allow for a higher flexibiity in the resource allocation process.
Demirgi¢cKunt and Detragiache (1997and Arteta and Eichengree(2000) found that
internal financial lberalization, as proxied by the removal of interagt controls, increases
the risk of a banking crisisrespectivelyin advanced and in emerging economigbese
regulatory provisions would eventualy foster the level of rivalry within the banking sector,
inducing banks to squee their loarto-deposit margin and gamble on riskwestments to
preserve their proftabiity. Such a shaped regulatory framework joint with a fauly
supervision wold inevitably make bankmanages more prone to deficient or even fraud
practices.Once the distress reashunsustainable levels andethisk of insolvencybecomes

concrete, the management cosltil decide tokeep on biddingon junk assets an@ursuing
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highly risky initiatives, magnifying bankexposures. This behavior could be the consequence
of an exeme attempt to heal the batialarte sheet or to exploit th@stitution residual
assetsto realze a personaprofit (looting). The whole risk taking process would be
exacerbated by a widespread belief on the existencenahplicit governmental guarantee
over bank capitalCaprio and Klingebiel (1997 in their comprehensive study on the causes
and costs of systemic banking crashes, supg@aditis view underlining poor management,
weak supervision and fraud incressas major threats to the banking sector salidity
especidy when associated to an ongoing lberalizatigxs this financial turmoilis due to
follow a cyclical pattern policy makers and bankeewe expected tde able torefine their
capacity to deal th these threats. However, market players, more often rb&nduring
periods of strong economic growth risk to be affected by opgimem and disaster myopia.
These states of mindare so frequeneven because ahe great timespace separatingtwo
crisis episodes, as if éeach generation would neded makeis own mistakes (Rindleberger
1978).

2.1.3 Institutional quality and regional studies

So far, | have confined my theoretical recap exercike macroeconomic and microeconomic
dynamics Neverthelss, the existing literature is not limited to these tweoegaries. More

recent papers havsuggested aet of variables able to prgxto a certain extent, the quality of

the institutional frameworkin a country. In this direction, e effect of the presence of a
deposit insurance, either explicit or impliciias been widely discussedtbuoowadays results

are stil conficting. A safety net on accounghould dissuade depositors tanran a solvent

bank just as a consequencd an informationshock, thuslimiting systemic collapses by
neutralizing selfulfing crises (Diamond and Dybvig, 1983)On the other hand, the
presence of such a guarantee could trigger
up with prudent practices for more fable and riskyopportunities (Kane, 1989)ndeed,

the US Savings & Loan <crisis of the 680s ha
generous deposit insurancePDefmirgicKunt and Detragiache, 2002)Moreover, as
depositos and overall creditors feel their seurcesas guaranteed theisurveilance efforton
bank e X @iEtvds iisvdeles © getweaker, leaving greater room for mismanagement
and market discipline deterioration.Both theoretical views are plausible and the empirical
responses seem to sustain them equBdymirgicKunt and Detragiache (1997) sheda

positve correlation between the presence of explicit deposit insurance scheme and the

likeihood of a systemic banking crisi§hus, theirfindings would suggest that the negative
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moral hazard effect on a banking sector outweighsbtheefits deriving from aeduced risk of
deposi t.dmiréconausins sre drafted by Barth, Caprio, and Levine (20@#) the
other side, the reverse view is encouraged by the results shown in Eichesngledmteta
(2000) and Lambregts and Otte(8006) whose studes were both carried on a sef
developing countries. In these papers, the presence of an explicit deposit insurance is found
respectively: insigniicant and negatively correlated to the probabiity of a chpparently,

in these circumstanceshe role of deposit insurance turns out to have a behedifiect on

the banking system of developing countries, where bank liabiites are moreteshorand
panicdriven runs represent a huge threBite nost exhaustive document in terms of deposit
insurance is certainly the one developed DymirgicKunt and Detragiache (2002), as they
test for differentfeatures and coveragdegees of deposit insurances orwarld-wide dataset
The results of their multivariate logit model suggest that presence of a deposit insurance is
detrimental for ke stability of a banking systemas much as extended is the coverage on the
deposits. Its negative influence on bank stabiifgecoms gradualy stronger once there
subsist other elements asa lax regulation on bank interest ratea, weak institutional
environment orthe governmerdl nature of the insuranceéBeyond the mere existence of a
safety net on account®emirgiicKunt and Detragiache (1997) in their first work considered
even GDP per capita andhe law and order index adurther proxiesfor the qualty of
insttution. They provedto have a significant predictive power with a negative relationship
with the probabilty of a crisis.

With the same purposehet level of transparency has beestedin the paper of Mehreand
Kaufmann (1999) whose findings confirm thetuitive existence of a linkage betweem
scarce degree of transparency arttie likeihood of financial meltdown.Another variable
considered proxyor the qualty of institutions is the contract enforcemedex, included by
Arteta and Eichengreen (2000) in their emerging markets study. The evidence provided is

weak and suggest no correlatibetween the variable arle onset of a banking crisis.

Same studies distinguish from others because buitaaegionally or economicalyestricted
data set of countries. This effort comes aensequence of the expectadbstantial differences
among the causes of systemic banking crisestween industrialized and developing countries
or eventualy different geogphicalrelated cluster. Theoretically speaking,this mismatch
comesas a resuliof profound discrepancies betwedeveloping andmature financial sectors.
On averageemerging market economiee shallower thus with a limited capacity to absorb
economic shocks.The few avaiable fihancial instruments do natlow to properly hedge

risks that most of the times are concentrated inrp eendensedumber of businesses, as real
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economy stil has tgroperly develop too.Regulatim and supervisignas weak as the whole
economic environmentare often ineffective in ontrasting deficient management practices

young financial sectorsfew banks usually account for a large share of total assets whie their
liabiites have shorter maturity,therefore magnifying their exposure to sudden liquidity
shocks (RojasSuarez and Weisbrod, 199dpreover, these dnking systems tend to heaviy

rely on capttal inflows and FDI (Foreign Direct Investments), leavihgm wulnerableto
unexpected high capital mobiityThis was exactly the case ofhaiand thatexperiencedone

of the mf amous Asian <crises concent r Bis e@odeon t
appears as a perfect examplesofme ofthe elements justiescribed Banks used to borrow
capttals from their foreign branchessubsequently investing them on thecal real estate
market and thus fostering the housing bubbléhrough imported fundsHigh interestrates
attracted huge amounts of resources from abrdather fueling theeconomicboost of the
country. Low regulatory staafids and an aggressive lendimproimonaspect with advanced
economies)er oded banks 6 ass e ersexpasue towardghe boordng mu | t
real estate marketWh e n t he us dol Il ar appreciated ag
currencies, theThai exports went down as well because ofthe dollar peg nature of the
domestic currency As speculators began to attack the fixed exchange rate and the capital
inlows sudden turned in outflow, the country entered into a deep recessiocinthetd up

until the burst of the housing bubble. Banking sector share epeadorming loansreached

46% of tdal asset. Its baiout cost wasstimated inaround $60 bilion or 42% of GDP
(Ergungor andrhomson, 2005).

Even the connection between the banking sector and the public finances seems stronger for
developing countries. Arteta and Eichengreen (2000) stiahat a fiscal deficit increase is
associatd with a higher financial instabilityin emerging economieswhie the same variable
resulted insignificant on the extended dataset employeddmirglicKunt and Detragiache
(1997). A similar result on emerging market countries is obtained by Davis, Karim and Liadze
(2010) that found theelevance of thdiscal surplusto-GDP ratioto be secondaryin strength

just to the widely accepted GDP growth.

The real casepreviously exposedhelps me introducing another topicconcerning systemic
banking crisesover which researchers have given thesponsesThe aim of this effort was

to clarify whether a particular exchange rate regime could increase the wulnerabiity of a
financial system to external shocksven on this issue theory is divided. A floating exchange
rate is expected to absorb, to some degexternal shocks on capital lows and terms of trade
(as in the Thai episode). This view is supported by the svofkGavin and Hausmann (1996)

and Mendis (1998)The insulation effect is not the only benefit attributed to a flexible regime.
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Its presence i n fact, could detain banksd managemen

their exposure would skyrocket in case dafmestic currency devaluatio@n the other hand,

a fixed rate being affected by a lowenolatiity, especialy fordeveloping countries, would
reduce the deterioration risk dfank balance sheets particularly exposed towacdsency
mismatch between assets and liabilti€&ome weak empirical evidence supporting this view
is brought by the paper of Arteta and Eichierg (200Q) A peg system could also help to
discipline polcy makers (Eichengreen and Rose, 1998) and to promote prudent banking
practices as a consequence of the absence of a lender of last resort (Exunitgéaqd
Detragiache 2005). Overal, the faintoutcomes in both directions seem to provide further
support to thefindings of Kaminsky and Reinhart (199%at proved a causality relationships
going from banking crises to currency ones, vioe versa Thus, enpirically speaking, there

is not any robust proof for etther exchange rate regime to sheltemduce to systemic

banking criseslt is rather demonstrated that the pressure triggered by a banking crisis on a

countryds <currency to abaridah a pegrexclangepraiding theonyma k er s

way toproperly carry out their role dander of last resort.

Thi s i s exactly what happened in Mexico,
November 1994, a sudden and steep capital outfiow increase started eroding the Mexican
foreign exchange reserves a result of the central bank decision to defend the peg exchange
rate with the dollar. Despite Mexican governmental finances appeared to be sound, the capttal
fight seemed to be triggered by political chaos and the choice hy&dl Resee to raiseits

interest ratesOnce the speculation on the dollarized peg became unbearable for the Mexican
foreign exchange reserves, the central bank decided to leave the peso freely floating. By the
end of December 1994, the currency devalliaby 35%. The peso colapse led to a strong
increase in inflation and interest rates. Baglsystemcame out affected both bis foreign
exchange exposures and the hikispare of notperforming loans, as more and more
borrowers could not affordhe high interest ratedJitimately, the government had to bailout

the financial sector for up to 20%f GDP. Kaminsky and Reinhart (1999n their widely

cited work, verifiedthe huge economic cost associated to the so called twin crises, i.e. when
bankng and currency crashes occumugianeously. What stil does ndihd solid empirical
support is the role of international shocks, as in this case the Fed interest rate movement, with
respect to the likelhood of systemic banking cris@s.restrictive momtary polcy and an
economic recessionn industrialized economies are expected to negatively influence the
economic environment in developing coiadr especially dollarized one3his was thecase

of Mexico in 1994, as well as other Lath Americemo unt r i es dmkchangregn t he

and Rose (1998) shed a significant positive correlatiobetween monetary policiightening
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or a growth slowdownin industrialized countries and financial sector fragiity in developing
ones.However a later study Y Arteta and Eichengreen (2002) on an extensive crises Jataset
including t he second half of t foend tlie9samse ( an
correlationsto be weaker and less statisticaly significafithis resultinevitably challenges the

role of external factors as determinants in a comprehensive EWS for systemic banking crises,
while strengthen the belief that banking crises evolve overtime. This is probably the main
reason because both industt&d and developing countries cougladuate fom sovereign

defaults butnot from bankng crises Reinhartand Rogoff 2008). The quest over the topic is

stil widely open as the variety of its future research scenarios.

2.1.4Findings and belisbver crisis duration

Until now, | paid much attention on the causal forces that could lie behind the inception of a
banking meldown However, unsurprisingly, some of these elements do not merely
contribute to the burst of a crisis but they also play a role in determining the length of the
downfall. As a consequence, most of the variables listed above ihabtvind place in my
logstic analysis wil still have a role in my forthcoming crisis length inquiffjne peculiar
features of my duration analydist my work cross the thin but stil concref®undaries that
divide the EWSquest and the empirical branch aimed at shedding dghthe severity of a
crisis and theforces thatdrive it. With this purpose, Wis et al. (2014)n their recent paper
collected the most significant drivers of the real impact of a systemic banking crisis &ad test
them against nine different crisis sety measures, three of which regarding the event
duration. They found that pre-crisis GDP per capita is strongly postively correlated with all
their duratiorbased dependent variables which, in turns, suggest that defaults experienced by
richer countris tend to last longer. Though my duration variable wil be based on a raw mean
computation instead ofi GDP trend analysis, as the case of Wims et al. (2014), | expect to
find some matching results as well Bsandnew empirical evidencesTo a smaler extent,
even financial openness arwirrency crisisrelated indicators demonstrated a positve and
significant relationship with the severity of a crisidowever, the sign of thdrst correlation

is controversial and matter of debate. Finaat integraton may offer rislsharing
opportunities and redadhe risk carried by a sudden stop in capital lows (Abiad et al., 2009).
On the other hand, a loose regulatory framework on dyossger transaction may open the
way for international finandiashocks to spread into a country banking syst&milarly
controversial is the role played by financial depth. More developed financial systems may

suffer exponential losses during stressed period but at the same time deeper ones may provide
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a wider rang of instruments to hedge from risk or optimally alocate it to strongserpla
alowing a faster recoverY@nagitsubo, 2004 A steep growth of the financial sector size
could highlight the creation of a credit bubble and an ongoing process of financial
lberalization along with lending standards rapidly deteriorating to perrtite industry to

keep on growingBoissay, Colard and Smets (201f$)und that greater financial booms are
associated with longer and more painful recessiiven exchange rateelated downward
fluctuations are expected to prolong a crisis period, especialy when these movements set the
stage for a currency crisisSthe concomitant occurrence of banking and balance of payment
crisis (twin crisis) would exacerbate the real costs #md persistencef the default (Berg,

1999; Kaminsky and Reinhart, 1999), especialy when a consistent shate aountry

economic players ibeavily exposed towards foreign currency liabilities

An exhaustive literature review in matter of the mechamistiding behind the severity of
banking crisis falls outsidehé¢ scope of this empirical work. oMever, each of the forces
described above wil be remented, to some extent, Ipyoxy indicators during my duration

analysis.

2.2The statistical models

The previous paragraph should have provided the reader with a summarytougate
understandingon the forcesbehind a systemic banking crisis and their usefulness in building
an effective early warning system. The aim of te#ctionof the paper consisti® gaining a

better knowledge on the features of the main forecasting models employed so far. This further
step would ultimately lead us to the end of tigtorical review and the introduction of the
material purpose of this workSimiarly to what exposean the determinants of a crisis, not

all the early warning models that | wil briefly descrifigther on would play aole in the
execution of myempirical exercise but their description stil remains valeafor the sake of

a stisfactory knowledgeover the empirical topic.

2.2.1The signal extraction approach

The signal ramework has been firstly developed and introduced by KaminstyRa&mnhart

(1999, in their influential and widelgited study on the twin crise&s briefly exposed in the

introductory chapter, this method consists in testing individual varidbddsaviour agairst

tranquil period values all over the 24 months preceditige burst of a crisisIf the variable

excee@ a certain threshold, it woulttigger a crisis signal that beowes true just if within the

folowing 24 months a real crisis wouldrealy be registered Otherwise, the variable would
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generate a false signal. The threshold is set tammenthe noiseo-signal ratiothat looked

ke the ratio of false alerts to good warnings over a horizon of 24 months prior to the crises
The predictive power of the individual signals is then compared to each other padesm

on the basis of three yardsticks: the nd@eaignal ratio, thepercentage®f Type | and Type

Il errors, the conditional probabiity afrisis conditioned to a signal of the variab¥e perfect
indicator would correctly predict all crises without issuingisleading warnings.
Unfortunately, in selecting the threshold for a variable, the analyst must compute -afftrade
between Type | and Type Il errors. A smaklreshold wil inevitably leado less Type |
errors, as the number afissed crises aeeass, and more Type Il eors, as the number of
false alarms increasesg\lthough tis choice should be made weigh the preferences of the
polcy maker betweenthe cost ofmissing to predict a crisis anthe one incurred by
implementing unnecessary measures becausa false &rm Kaminsky and Reinharvpted

for a statistical criterion likethe noiseto-signal rati® (choice later on contested kgaytan

and Johnson, 2002)This methodology implicity assumes that the cost of missing to identify
a crisis (Type 1) is higher that the loss generated tdlking unnecessary precautionary
initiatives because of an elevate number ddefaalarms (Type )JI Even if the authors did not
effectively own this kind of information.Under this assumption the three variables that
graduated as the most significaoiieshave been the real exchange rate, the equity prices and
the M2 money multiplier.The signal approach was subsequently adopted by various authors
for their research exercises. Among them Rojas and Suarez (1998) that tested the predictive
performance of aggregated banking ratios (CAMEL) on the lkelihood of systemic banking
crises. This early warning system has its key strengths in its transparency and relative simple
understanding, tich makeof it a polcy makerffriendlyd approach, and the opportunity it
offers to highlightearly warning features dhdividual indicators Benefits thatseem to befar
outweighed by drawbacksvhen the aim of the model is not anymore to measure single
signals but to build a comprehensive early earning model based on a set of explanatory
variables.First of all, the predictive accuracyf the modelis deept questioned. Either in the
same original work (Kaminsky and Reinhart, 1998)in other papers adamg the univariag

signal approachthe share otorrectly predicteccrises withina horizon of24 monthsafter the

issue of the signabk alays lower than 30%. Performances that remain poor even when the
test is conducted on eof-sample crisis episode3o improve the accuracy of the univariate
version of the model several authors employed composite indicators. Borio and Lowe (2002)
constructed aggregated indexes that would trigger a crisis signal just if all the variables
included in the composition haverossed their thresholds simultaneously. Differenidgvis

and Karim (2008), in their comparative framework on banking crises E\é&ted composite
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indicators that gatheed together variables on the basis of their individual NTSR (rloise
signal ratio) and could issue a signal without necessattiat all the individual indexes
contained in the composite have surpassed theibftufo some extent, this solution proved
able to increase the model accuracy, by reducing both Type | and Type Il errors, and to
account for the aggregated effect of the variables included in the composite index. Other
criics were directed to the very nauiof the thresholds that separated a tranqui period
behavior from a crisis onerirstly, a single cutoff did not allow to register angifference in

the marginal contribution of a variable to the probabiity of asoamng crisis.In practice

the predictive role of an indicat@hould be relevant although its value has not fully reached
and overcome a specific thresholdut for example just barely towthit. Secondly, the
selection of common cuiff values for a crossection datasetconsdering them uniformly

valid for all the countries included in it, appears to be an-swaplstic and inefficient
solution. As suggested by Davis and Karim (2008), the optimal threshold may differ along
with the peculiar structuralcharacteristics ofthe institutional, poltical and economic
environmers of a specific country. As a consequence, the choice of cesmimgffic
thresholds would be preferred and could consistently improveintheators performance.
Finaly, Gaytdn and Johnson (2002), in tHeWS review, stressl the inability of the signal
approach to consider regional differences and to carry out study on the severity of a crisis.
Most of the criticisms raised on the model, especialy those regarding its lack of predictive
eficacy, are notdraft on absolute tens but havebeen highlighted bythe comparison with

other early warning frameworks. Indeed, few of them demonstrated #hgierior
effectiveness in the role of early warning systems for banking crises and keep on gathering

large consesus among the researchemmmitted in this field.

2.2.2Binomial Logit Approach

Among themthere surely is the multivariate logit approackthe one thaprobably experienced

the most widespread diffusion since its first appdcaon systemic bankingrisis prediction

This model, as welas its probit version, is essentialy a binary dependent variable model and
its employment in predicting a banking crisis is based on the assumption that such events can
be proxied by aesponse variable having justa possible outcomes (0, 1Jhe lkelhood of

a crisis is determined by a function of a vector of explanatory varié@s which represent

the righthand side of the regression whileeir resulting coefficientsf ) reflect the marginal
contribution of each variable to treutput probabilty Logit and probit stand for two different

cumulative distribution functiongG), standard logistic and standard normihht ensure that
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the estimated probabiites are strictly betwesmo and one, for all possible values of the

parameters and their associated variables.

0 G pg> Ol 1oy 8811
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The goal of the model is to understand which is éfiect of the variablesipon the response
probabiity 0 & p3w, which in our case itsithe likelhood of experiencing a crisin other
words, the aim of the regression is to obtain the paramétgyghat cantell us some features

of the relationship betweetsy and the dependent variabkeformation asthe direction of the
relationship and its statistical significancecon be easiy disclosedHowever, because dhe
nontinear nature of the underlying relationshiphe variablescoefficients do notexactly
match with the marginal magnitude of the regress@s the case for a simple lnear
regression,and so cannot bestrictly interpréed as the marginal increase or decremse
probability associated witha specific variable. To extract this information would be
necessary to run twice the regression, with and without the variable in quedtienkeeping

all the other variables fixednd take the difference between the resuksother words, all the
variablesasp must be taken into consideratidn. any casethe effect exerted by the variable
under scrutiny on t he crisis probability
probabilty. Whether thelikelihood of a crisis would already be extremely high (or low), a
change of a variable would noteeply affect the outcome of the regression, vice versa,
starting from a probabiity of 0.5 would mean attributihng a much more derasile weight to
amovementof the variable

A limited dependent variablenodel does notrely on an ordinary least squares estimator
obtain the parameters of the regresdmi on the maximum lkelhood method (MDEthat
better fit with anonlinear relationship The MLE returns those coefficients that maximize the

log-likelihood function:
fl 1 Y ag | "Qasg p awl T8 "Owq
, beingT the vector of coefficientsandQin case of logit approagithelogistic function:
owy Agen Tp Adeg

Although even theprobit approach hasbeen adoptedn the attempt ofbuiding an early
warning system for systemic banking crisees demonstrated by the work realzed by

Eichengreen and Arteta (2000je mulivariate logit modehas definitely achieved agreater
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success and implementatidhroughout the whole empiricaterature on banking crisesAs
already anticipatedDemirglicKunt and Detragiache (1997) havkeenthe first in adopting a
multivariate logit approach for studying banking sector crisestheir empirical session, they
faced some obstacles in adapting the econometric model to the specific scope. As explained
further on, the ways to tackle theseomplications stil represemhajor opportunitiedor future
improvements. First of al, they had to decide how to treat the yeasstafblowing the

onset of a crisjsas in this period the relationship between the explanatory variables and the
probabilty of a crisis would almost certainly be distorted by the crisis itséliey proposed

two different solutions to tackle the proioie both capable to solve it even though at some
coss. One of these consisted in elminating all thosleservationsfolowing the year of
banking crisis. This choice has the expensive drawback of wasting large amount of
information (for example regarding wliple crises). Alternatively, they considered the
possibiity of discarding just those observations included betweebuilst and the end of the

crisis This solutionhad some advantages in terms of data gand predictive power, as the
dataset would have been considerably enlarged, but the choice of when the crisis was due to
end was almost completely arbitrary, leaving room for the inclusion in the model of
observations that ctil stil be affected bythe potracted influence of the crisis evelince

its first appearance, this phenomenon has been known by the author dealing with its treatment
under the name opostcrisis bias (Bussiere and Fratzscher, 200&) crisis duration bias
(Caggiano et al., 2014Another possible soure of weakness (specificaly speakimgverse
causalty was the timing of someexplanatory variables. Since their very frst application,
variables as the GDP growth and the credit growth were lagged by one or even two years
(DemirgicKunt and Detragiache, 1997) to both: better fulil their role as early warning
indicators and avoid any kind of endogeneity biilse preference towards lagged indicators
further developed throughout the last decade untl some of the most vem&s, in which all

the explanatory variables included in the regression were at least one year (Rgysd

Karim and Liadze 2010; Caggiano, Calice and Leonida, 20IH4g. endgeneity problem was

not the lastbarrier thatDemirgiicKunt and Detragiache (1997) had to overcome to set the
model for the prediction of banking crisifhe presence ofowntry fixed effectsis often

useful as it allows to account for the coumspeciic chages in the outcome probability
However, their employemt requires that all those countries that have never experienced a
crisis would be excluded by the datadeieasurethat would havempled a remarkable loss

of information for the authors whose crossountry database would have been more than
halved. Uder these circumstances, they preferred to preserve the entire dataset at the cost of

removing the fixed effectsOther concerns were much less related to the specific features of
28



the binomial logit whie commonly shared by all the methadevelogd for tle same
purposes.Among them, lie need to define a threshold probabifiyesentedagain. With these
regards, DemirgicKunt and Detragiache (2000doped a methodologybased onthe loss
function of a policy maker. Once some addiional information, as dhbss of taking
preventive actiorand experiencing a ces are known this method is expectedbe a more
valid alternative to a selection based on a statistical index as thetaasigeal ratio.Whilst a
tradeoff between missed crisis and false akrm stil necessary, a threshobklection
centered on economic considerations would make the predictor much more efficibat

eyes ofwho 5 expectd to finally exploit the modelthe policy maker.

Once these issues have besstaside the binomiallogit and probit models gave proof to
outperformin terms of prediction accuracy most of the other models, whether tested ir or out
of-sample. Since its first application as early warning system for banking crises, the efficacy
of the multivariate logit pproach has been repeatedly confrmed by thesearcherghat
decided to rely on it to test thedmpirical hypothesis as well as those authors that tried to
compare different frameworks in a horse race fashion. Among them, it is worth mentioning
the waks of Davis and Karim (2008and Alessi et al. (2015)Respectively, e first one
benchmarked the performances of the signal and &gproaches for banking crisesly,

whie the secondone confronted nine different EWSogether for a wider spectrum of
finarcial crises (currency, sovereigiebt etc). In both cases the models were ran on common
crosscountry datasets, crisis defintions and set of explanatory varidMasreas thesignal

model demonstrateda better shae for a countryspecific application (Davis and Karim,
2008), gven the chance to set the threshold on a country by country taiored theay,
multivariate regression models uniformly confrmed their superior predictive efficacy over all
the other methodgin terms of correctly predicted crisis and rwisis years) Nevertheless,

both authorswisely promote prudence in relying entirely on a model rather than another.
EWSs should ft as much as possible to the preferences of a specific polcy maker and its
reference country (Davis and Karim, 2008), whie being supported by other models to further
strengthen their forecastobustness (Alessi et al. 2019)espite the pmising performances
expressed so far by the binomial logit approach, its limitations stil appear debiltating. In this

regard, its multinomialersion apparently provida®om for further improvements.

2.2.3Multinomial Logit Approach

Once again, @ was the case for the binomial model, the mulinomial innovation has been

prompted by the emerging need of halting thenarkableaccuracy leakagegenerated by the
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drawbacksaffecting previous empirical framework®ore ecificaly, some reseehers ted

to cope withthe phenomenorthat just recently has beereported undethe name of post

crisis biasor crisis duration biasand whose compromising effects were known since the very
first applications of thebinomial multivariate modelsThe diemma wascentered on which
modus operandi should be implemented to de#th the abnormal behavior ofome
explanatory variablesh the years right after the crisis busts previouslyintroduced the way

such data would be treated could leadatiased model, wdther the EWSwas left free to
erroneously consider them as tranqui period values, or to a relevant loss of information, in the
case the researchelecidedto tackle the problem by simply discarding the troubling periods
(or, drasticaly, all the observains folowing a crisis episode)lt was exactly the compeling
necessity of handling differently the years right before the crisis that Hadly and
Pazarbd o a(1999) to adopt, for the first time, the mutinomial logt approach on the
prediction of baking crises. Although, their exercise wast devoted at the resolutiaf the
postcrisis bias it stil represents the very first attempt itwrodue a third possible outcome

in the regression, beyond the classical tranquil and crisis sapmorted by the binomial
approach.The mulinomial logit approach stil belango the family of the limited dependent
variable modal but differently fran its binary versin it allows for more than two outputs.
Thus, the additional outcome statulor the response variable woulshtroduce a higher
flexibiity, rather than being constrained to define a year ether tranquil or crisis regime.
Considering the postrisis bias hypothesis, it three possible outcomes (Spne
representing tranquil periods (S=0), another for the crisis times (S=1) and the additional one
addressing postrisis years(S=2), the theoretical outlbok ofhe logit model would be as

follow:

Q

5 (:) o~ ”n
v o g Q

, Where &5gs the vector of the regressors. If the tranquil perigdQ) is adopted as control
group than the vector of the coefficierits, wil represents the marginal effect of the
independent variablesig on the probability of being in crisis period relatiee the probability

of being in a tranqui periodBy the other hand; ¢ wil represent the marginal contribution of
the independent variablesig on the probabiity of being in a pestisis period relative to the

probabilty of being in a tranquilperiod:
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As a consequence, the relative probabilties are simplified as follow:
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The maximun lkelhood estimator keepon being vald for the multnomial as wel as the
binomial logit model, given their common némear features.

This model has noved efficient in solving thecrisis duration biasproblem both in case of
currency and banking crises. For what may concerns currency crises, Bussiématascher
(2006) developed a benchmark exercise between binomial and multnomial logt models,
showing that the second om®nsistently outperforsthe first. The advantages brought by the
third possible outcome are visible through an overal increadiee ipredictive performancef

the model with a higher percentage o€orrectly predicted crises arallower number offalse
alarms,as well asthe ful exploitaton of the data on the peasisis period.Resultsthat have

been latelyconfrmed in the banking crises feld by the work of Caggiano et al. (2014) that
tested the mulinomial logit approach on a dataset ofidoame SubSaharan countries.
Simlarly to the previously describedwork on currency crises, theycompared the
performances of the multinomiadnd the binomial modelsLikewise, they obtained strong
responses on the predictive superiority of a multinomial EWiGs providing furtlr proof of

the existence of aluration crisis biasand the validity of this model to efficienty manage it.
These improvements translated into a higher sbémeorrectly predicted crisismore than 3%

of increment)and a lever percentage of false alarrfef around 2 % relative to the binomial
performance.Caggiano et al. (2014) adopt an additomgthod to measure the goodnes$s

fit of the model. They draft the ROC curve (Relative Operating Charactefigfire ) along

with each regression executedt plots the ratio of true crisis signals (True Posttve,
Sensitivity) against the ratio ofalse alarms Kalse Positive, -ISpecificity) for any possible
threshold value. The result is a curve passing by the o@gi) (and the point (1,1) whose
extreme outcomes represethe worst and the best predictive performances. Respectively, a
model with null predictive capacityrandom guesswould produce a diagonal ROC curve

starting on the origin and crossing the graph til igat corner point (1,1). In this case, He
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AUC (Area Underthe Curve) wouldbe equal to Gand the model could tell as nothing more
than a random guess on the forecasted ev~~t
Conversely, the perfect prediction meth '| oy k

L G 7 ey
would lead to a ROC curve that starting in t £ | '

GBS

origh would reach the right corner (11)
passing by the left corner (Q). Thus, the <2
AUC would be equal to 1 and the mod
would be able to optimalijorecastthe crisis
event. Therefore, as much as the AU
produced by the EWS is close to 1 as be ° vapechicly |

would be its predictive accuracy Figure 1: ROC curve and AUC illustratio

Even under thisvaluation criteria, the mulinomialmodel confrmed its improvedpredictive
abilty, with an AUC equals to 0.77 compared to 0.69 of the binary app(Qadyiano et al.
2014)

At the light of the progresses showed so far by thigticlass empirical framework it is
reasonable thinking at it as the EWS that could efé#¢tmove the empirical frontier on
systemic banking crisesowards a comprehensivmodel. However, its recent and scarce
applicatios in the field do not provideenough evidence$o already consider itompletely
reliable as a new standard. secondarygoal of this paper o provide further support to the

role of the multinomial logit modeks besin-class EWS for banking sectatefaults
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Chapter 11l :
Setting the Empirical Stage

31A definition for Asystemic banking crisisao

Buiding a banking crisis variableequires a critical buhecessary decision to be taken. The
main complexity of this taslderives from the very naturef the systemic event itselt does

not take place at a specific point in time but speeadt over a periodvhose boundaries are
blurred. Identifying with precision its begnning and ending date nst possible as the
economic phenomende.g. bank run) that could highlight the presence of an ongoing
systemic meltdown could in turn have been the effects themselves of a preceding period of
turbulence and local banking insolvendyounterintuitively the crisis could also be dated too
early in the case itglimax still has to be reachedlherefore my analysis, as thenes
conducted bythe other authors in the field should rely on a specific crisis definitiothat
inevitably presents some degree of subjectivity. Rogoff and Reinhart, along with their
comprdnensi ve study on fi nanc(2809) pmvide somesof tiieT hi s t
most updatedand recognizedsystemic bankg criss database that coves the period
between 1860 to 201dn its very last version)The definition proposed hereby splits banking
crises in twodifferent k i nd o f €l)vmmk trns thatfildad to the closure, merge or
takeover by the public sector of one or more financial institutiphsand if there are no runs,

the closure, meimp, takeover or largecale government assistance of an important financial
institution (or group of institutions), that marks the start of a string of simiar outcomes for
similar f i n a (Rogofiadnd Renhart, i2@08)khe authass. defneda s fisy st e mi ¢ ¢
just those events described by the first definition (I) while the other crises (ll) were considered
as i émider episodes of financial distre3s(Rogoff and Reinhart, 2009)Upon these
indications we have taken into account just the crisis dates that fall into the first crisis
category (l), thus considering severe and systemic events only.

A strong limitation carried by this database regards the quite restricted spectrwunofes

therein covered With these premises, matching data avaiability from both left and right hand
side variables of the regression wouldagtically shrink thecount of effective countries
included in my empirical process. To cope, at least mayginal this sort of information
leakagel reled on alternative dating sources that could have been integrated with the original
one provided by Rogoff and Rbart. First of them is the data set buit by Caprio and

Klingebiel (2003) which, according to Rod f and Re i n h aauthoritat{e2 0 0 8 ) ,
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especialy when it comes to classifying banking crises into systemic or more benign
c at e g dnraddiian oto doublecheck my crisis integration process and make it as more
robust and algned as possible witie crisis definttiondescribed abovel have taken into
account the papers of Boyd et al. (2009) and Chaudron and de Haan (2014), both comparing
different techniques of banking crisis dating. The systemic crashes confrmed as such by all
these three sotes and compatible witthe defintion adopted by Rogoff and Reinhart would

be reported by my crisis dependent variable. At the same time, those countries which
demonstrated to have suffered just mild -systemic defaults have been included in the base
group of countries which haveever experienced a systemiddev meltdown(e.g. Gabon,
Guyana, Jordan)All those countries that lie outside of eithene of these two eventualties

have been excluded from the sample to preserve the integrity of the dependent variable. The
same treatrm has been reserved for those countries whose systemic banking crises, although
strongly confrmed, hé not a unanimously agreed duratiofe.g. Republic of Congo, Niger,

and SierraLeone) This decision has been taken in order to avoid that misinterpreted
information could bias the crisis duration analysis that wil take place after the logistic
regressions.This integration framework allowed me freserve a satisfying size fony data

set and enhance itigeterogeneity by recovering information on sevdoal income countries

that otherwise would have been discarded.

Buit upon theseassumptions the dependent variablaccountsfor 76 crisis episodes and

total of 324 years of crisis (out 02380 total annual observationswithin the full sample of
countries. By restricting the data set tts smaller version19982013) the amount of crisis
episodes fals dramatically t@5 periodsand 92 overal crisis yeargwithin a total of 704

annual d@servations

3.2Explanatory variables

The selection of the indegndent variables has been inspiradd dictated bothby the
theoretical framework behind the determinants of banking crisasd data availabilty. In
particular my decision has been inspired by some of the most prominent papers in the field,
almost mirroring the variable selection made by Caggiano et(2014) which, in turn, has
been driven by the choices BlemirgigKunt and Detragiache in timewel-cited study back

in 1997 As exposed previously durirpe review of the literature, thesariables have found
widespreadempirical support from most of the previobsnkingrelated studies and could be
grouped in twomain categories: macroeconoraiod real sectoconcernedones, financial and

monetary the otherdhe following indicators belong to the firstgroup
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- GDP growth it proxies the economic wealth of a country amgnsequentlythe
social fabric within which the banking system is embedded. A stagnation or decline of
GDP should anticipate difficulties of the borrowers to respibetr liabilties towards
banks and therefore a d e tse asithe ramdunt coh of b
deteriorated assetsoars At the same time, a prolongeahd sustained GDP growth
could highlight an economic bubble being in place during the perighs before the
burst of a systemic default

- Inflation: a low rate of inflaton indicates a relatively stable macroeconomics
environment which, in turn, contribute to a greater soldity of the banking sector
Furthermore, a spike in inflaton is meant foster the formation of an economic
bubble as borrowing gains popularity the detrimentof saving;

- Nominal Exchange Rate Depreciatioexcessive foreign exchange risk exposure by
the banking sector may leavt vulnerable to sudden movements of the exchange rate.
In otherterms, it could reveal vulnerability of the banking system to currency crisis;

- Change in Terms ofrdde aterms of trade drop is due to be one of the main factors
behind bank insohmey (Caprio and Klingebiel, 1997 Even if this finding has not be
strongly confrmed in all the empirical resulschieved so far(see Kaminsky and
Reinhart, 1999 t he significance of a sudden deter.
trade in anticipating a Ioking colapse has been widely proved. Evidence that

becomes more robust in developing countries and small open economies;

The second group ofaviables includes all thoseelated to the monetary specifics of a country

or the characteristics of the financial sector, with a focudepositbanking institutions:

- M2 to Total Reserveshis ratio is a measure to thesistanceof an economy aswell
as its banking systemto sudden capital outflows (balance of payment crisis) and the
Cc 0 u n ity t -defend its currency. A higher value should correspond greater
probabilty of financial system crisis;

- Creditto-GDP growth with credit intended as domestic credit provided by the
financial sector, this ratio should proxy credit growth @mndncial liberalization(PIil
and Pradhan, 1995)t should help detecting the existence of a credit bubb&#/or
decreasing lending stdardsand as a consequencshould have a positive correlation
with the probabilty ofentering in ecrisis;

- Banking Capitato-Assets (CAR)built through the aggregation at theuoty level of
i ndi vi dulsalnce bshert& dafdhis ratio should indicate the leverage of the
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banking sector. A great€f AR would lower crisis likelhood byst r e ngt heni ng
abilty to face credit deterioration and unexpected losses;

- Liquidity ratio: a higherb anks &6 cr edi t s ratigdhusthightickidtyp dep
would meanlower resistanceof the systento sudden massive deposit withdraws ,and
as a consequence greaterprobabilty of a disruptive run folowed by a crisis;

- FX Net Open Positionit is included to Ighlight any currency mismatcbetween the
value of bank8 assets and liabiites which, in turn, should represent a threat to the

banking system in case of domestic currency depreciation;

The variables just describeate listed in Table 1a, along with theirmain statisticsand wil be
included in the first logit testsOthers instead wil be introduced andinvolved at a later
stage, duringthe average duration regression analydike choice over which indicators to
include in the first benchmark sessibas been certainly shaped by the wish of reproducing
some of the most robust achievements in terms of crisis determiazdts possibly
contributing to theirdeeper understandindvioreover, by keeping the model in a relatively
simple form its comparison toother EWS would be faciitated whie not necessiy
sacrificing a significantamount of predictive powerHowever as a matter of factdata
availabiity constraintshave definitely set the final boundaried the selection proces3Vith

this limited but heterogeneous handful of variable could avoid tocompromise the length of
the period under examinaton and with it the whole list of colected countries. The only
exception has been made for the Capitahssets ratio (CAR) whose variabigeveragé
application has been restricted to the period 12083 This solution has been adopted
order to both minimize the information costs incurred by including the variable in the
regressions andtress the model under completely different conditions in terirsne-span

and covered countrieAll the explanatory variables employed in the logistic regression have
been winsorized at the 1 and 99 percentiles to shelter the results from influential outliers.

As the main purpose of the paper is to baftl testa EWS, all the variablewil be lagged

by one period, with the only exception GDP growthwhich is expected to exhibielevant
early behaviors from two years prior the onset of the criflsis settings is even aimed at
avoiding the occurrence of rese causalty effects as the crisis itself coulffeca
contemporaneous variablegslues.

Most of the data colected were obtained from the World Development Indicator database,
made by the World Bank, and the Imational Financial Statistics frothe IMF. When data

were missing, central bank statistcs and other cowspecific sources were used as
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supplements. Data sources in detagdong with their associated variables and a brief
description can be found iMAppendix 4

Table 1la: Summary statistics on the full data sample (Rogoff and Reinhart).

Variable Mean Std. Dev. Min. Max. N
GDP growth 3.55 3.91 -10.06 1472 2330
Inflation 14.85 34.77 -8.64  265.2 2380
Depreciation 13.49 42.29 -21.41 307.55 2380
M2-to-Reserves 3.95 14.54 0.58 89.2 2380
Credit-to-GDP 2.46 19.44 -65.81 100.02 2330
Liquidity 101.51 49.95 25.08 323.11 2380
Net Open Position  8.91 23.50 -60.66 95.29 2380
Terms of Trade 0.81 12.96 -38.26 5H6.26 2380
Leverage® 3.72 2,99 3.3 18.7 704

“Statistics computed on the reduced version of the data sample (1998-2013)

3.3The data sample

The initial wider version of the panel data ,setonsidering the limitations carried by both
dependent and independent variables as previously expasmmnts for 70countries over a

34 yearstime span, from 1980 to 2013. In its narrower form, dictated byavadabiity of the
Leverageratio, the data sample includes 4buntries whoseyearly observationscover the

period 19982013. Both versionsconsist ina worldwide mix of countriesthat have been
strictly selected on the basis of their avaiab#tad A a consequencamong themthere are

all sort of industriaized and developing economies accounting for profoundly different
features. Whie the ful data set is formed as leeterogeneousmix of developing and
industrialize economies, its reduced version, being buit on the constraint imposed by the
Leverage availabilty, is constituted mainly by wealth countriekhis feature is expectetb

exert some weight over the empirical estimationéth the crisis dates provided by Rogoff
and Reinhart, @ of the total count of countriegin the full data sample)Ll6 do not report any
systemic crisis event, either because they have meymrienced dankingdefault during the
examined periodor becausethese events have been considered-systemic under the
author® defintion of banking crisis This bunch of nations wil serve as a base gré\g.the

count of countries involved in théests shrinks to allow the assimilaton of theverage
variable, evenits base group has been scaled down to a total of 7 cluBrswhat may
concern the composition of the sample and its degree of heterogeneity, in its final and
extensive versignit includes a wide spectrum of economies ranging from deeply undeveloped
to industriaized and wealthy ones. According to the national classification groups based on
income per cag provided by the World Bank, tHall data set accounts for: 8 Low Income

Countries (LIC), 22 LowMiddle Income Countries (LMIC), 20 UppeMiddle Income
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Countries (UMIC) and 20 High Income Countries (HIC). LIC presence completely disappear
once the sample is downsized in its smaller foAn in-depth specification of the income
classification criteria and aomplete list of the countries included in the reise can be found

in the dataAppendix1l. A world map ilustrating the ol of countries included in the lfdlata

sample grouped by income per capita can be fouppendix 3

This collecting effort was strictydue as a higher number of observations wakesirable,
especialy considering the infrequent nature of the systemic banking distress episodes

compared tather financial crises (e.galance of payment criges

3.4The exercise step by step

Before entering deeply into the details of the ewwlirtests and their outcomes, | waul
briefy provide the reader with a summary glance over the purposes behind their execution. In
order to understand whether postcrisis bias effectively materialize when adopting a
binomial model, | wil treat the crisiyears folowing the first in two ways: by considering
them just as a tranqui period observations or by excluding them from the regression. This
latest approach, already implemented DBemirgi¢Kunt and Detragiache (1997), should
provide a shelter, evendigh marginal, to the distortion effect produced by the afrshe

crisis on the variablesvalues. Additionally to this task, during ethfollowing robustness
checks | wi implement a multnomial logt model thatalong with its predictive
performance should be able to further clear the fog gathered around this phenomenon and
eventually strengthen the role of this model for future early warning practices in the field. The
statistics shown inTable 1b can be interpreted as a very first evidence of an undepyisg

crisis bias In fact, the averagesof the variablesdiffer acros the three dependent variable
status suggesting that mixing all the crisis periods without any discrimination could set the
stage for a data mistreatment and the consequent misleading results. Once the first binomial
benchmark session would be over, an additional exercise that would possibly provide useful
information in this direction consists in taking into account of theragee crisis duration on a
country basis and produce multiple comparable results by partitioning the sample tested at
different duration thresholds. Plotted in line charts, the AUC areas coming out from these
regressions would allow us to graphicaly obsewhether discarding pestisis years des
effectively increase the model predictivity and if these resultng benefits change along with

the inclusion in the tested sample of increasingly lasting crisis episodes.

Whether in this step a correlation Wwetn crisis duraton and modelperformances does

effectively exhibit, in the las part of the empirical phase | Iwiry to dig further this
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relationship by looking for aspects in the economical, institutonal and poltical frameworks
of a country that coulexert any infuence on thikelihood of being subject to longer lasting
(and damaging) banking defaultén its entirety, the empirical path just exposed has the
ambitious aim of both contributing to the improvement of the empirical understanding of a
specific issuesuchas thecrisis duration bias and to provide scientificobust advice in an

EWS setup process for those policy makers wilingeticiently employ it.

Table 1b: Independent variables’ averages grouped by crisis states.

GDP M2-to- Credit-to- Net Open Terms of

g h Inflation DePrecmtmnReserves GDP Liquidity Position  Trade Leverage
Tranquil times (0) 3.83 12.57 10.31 8.08 2.68 100.56 10.11 0.31 8.84
First year of crisis (1) 1.71 32.16 29.85 15.17 4.72 124.13 0.58 2.76 6.95
Post-crisis periods (2)| 175 2841 34.86 14.21 0.00 112.04 1.53 4.28 8.09
Total 3.55 14.85 13.49 8.95 2.46 102.51 8.01 0.81 8.72

“Statistics computed on the reduced version of the data sample (1998-2013)
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Chapter IV:

Results

4.1 A multivariate binomial benchmark

In this sectionl will report the outcomes of the binomial logit model, including in the
regressionsnost of those primary variables (s@@ble B) that allowed me to exploit the data
sample in its extensive form. The impactL@verageis separately tested as the data set needs
to be downsized to the period covering the last sixteen years of observations, between 1998
and 2013, fomearly two-thirds of the original number of countries.

As anticipated, He first set of logistic regressions isiade with a binary dependent variable
(SBARR which has been buit upon the information provided by Rogoff and Reifpa&9)

in their comprehensive database on internatidnahcial crises SBCRRtakes the value of

3o in case of systemic crisis ar@d during tranquil periodsSince the very first estimation

all the explanatory variables employed wil be lagged by one period, with the only exception
of GDP growthwhose indications arexpected tobe valuabletwo years in advancd&able 2

and Table 3 ilustrate the results for the model applied to the full data sample wducbunts

for a total of 70 countries all over the tirgpangoing from 1980 til2013. The two tables

differ from each other just for théreatment reserved to the aisperiods a&ér the first.
Respectively, inTable 2 postcrisis yearshave beerset at®d in other words normal times,
while in Table 3theseobservationshave beerdropped from the sampl limit the expected

bias. From a maximum of eight independent variabled have gradually removed the®nes

that showed theveakestcorrelation with thedependent variablereaching aminimum baseof

four indicators Due to its widelydiffused presence within the literature landsca@)P
growth has been kepas base variable whatever performance it has exhibited during the tests.
All the explanatory variables have been winsorized at the percenties 1 and 99 toelimit th

inluence ofoutliers onthe results.
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Tahble 2: Binomial logit results on the full data sample (1980-2013). Crisis years next
to the first are set as non-crisis periods. GDP growth is the annnal growth rate of the
country's GDP at market prices based on constant local evrrency(2005 U.S. Dollar).
Inflation is measured by the anmual growth rate of the GDP implicit deflator. Deprecia-
tion is the annual change in the official nominal exchange rate of the local currency unit
with respect to 1.5, dollar. M2-to-Reserves is computed as the ratio between money
and quasi money aggregate (M2) on total reserves. Credit-to-GDP stands for the ratio
between domestic credit provided by financial seetor and GDP. Liguidity stands as the
private eredit provifed by deposit money banks as a share of demand, time and saving
deposits in deposit money banks. Net open position is measured as net foreign assets in
current local currency unit on GDP. Terms of Trade is intended as the annual growth
rate of the ratio between exports and imports (in current LCU).

&3] 2 3) 4) {5)
GDP growth (-2) 0.037 0.027 0.026 0.032 0.033
(LOT) (0.83) (0.77) (0.97) {0.98)
Inflation (-1) DOL5**  QOITH*  0OLT#* Q017+ 0017+
{4.25) (4.51) (4.20) (4.17) {4.08)
Depreciation (-1) -0.0059* -.ODTE**  _0.0085** -0.00B6**  -0.0086**

(-1.92) (-2.42) (-2.37) (-2.47) (-2.42)

M2-to-Reserves (-1) 0.023%**  QOIF*  Q.020%%F  Q.O19¥FF Q0L9FF

(8.82) (6.60) (6.61) (6.15) (6.11)
Liquidity {-1) 0.0059***  0.0059***  0.0059%**  0.0059***
(3.53) (3.51) (3.55) (3.51)
Credit-to-GDP [-1) 0.0055 0.0054 0.0055
(143)  (139)  (140)
Net Open Position {-1) -0.0067 -0.0066
(143)  (-143)
Terms of Trade (-1) 0.0028
{0:35)
Ohbservations 2240 2240 2240 2240 2240
Pseudo R? 0.043 0.056 0.057 0.059 0.059
AIC 599.6 593.9 595.0 595.6 507.5
N of countries T 70 0 0 T0
Degrees of freedom 4 5 6 7 -]
Wald chi-squared 101.7 100.8 101.6 102.4 101.1
Likelihowod-ratio -204.8 -291.0 -280.5 -289.8 -280.8

t statistics in parentheses
*p < 0LI0, ** p < 0.05, *4* p < 0.01

Table 3: Binomial logit results on the full data sample (1980-2013). Crisis years next
to the first are excluded from the sample.

] &) (3] (€Y 5
GDP growth (-2) 0.031 0.018 0.014 0.021 0.020

(0.83)  (050)  (039)  (0.56)  (0.54)
Inflation {-1) 0.022%FF  DO24TFT 00277 0.0267TF 0.026°TF

(3.71) (3.90) (3.94) (3.81) (4.05)
Depreciation {-1) -0.011** -0.014%* -DL0L5*F* 0015 0.016%F*

(-2.10)  (-2.54) (-2.64) (-2.64) (-2.87)

M2-to-Reserves (-1) 0028 D.O025%**  0.025%**  0.024*%  0.023%**

(8.14) (6.53) [6.56) (5.60) (5.43)
Liquidity (-1} 0.0067***  D.0068***  0.0068%**  D.0069***
(3.60) (3.74) (3.71) {3.71)
Credit-to-GDP (-1) 0.0076**  0.0076**  0.0083**
[2.09) [2.02) {2.16)
Net Open Position (-1) -0.0056 -0.0055
(1.06)  (-L04)
Terms of Trade {-1) 0.0098
(1.16)
Chservations 1997 1997 1997 1997 1997
Pseudo R? 0.060 0.076 0.078 0.080 0.081
AIC 573.9 566.5 567.1 568.1 569.2
N of countries 70 70 70 70 70
Degrees of freedom 4 5 L] 7 B
Whald chi-squared 106.0 108.6 141.2 1T2.8 193.4
Likelihood-ratio -282.0 -277.2 -276.5 -276.1 -275.6

t statistics in parentheses
*p < 010, ** p < 0.05, *** p < 0.01
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Panel 1a: Full Sample. Binomail logit from Table 2. Panel 1b: Full Sample. Binomial logit from Table 3.
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Area under ROC curve = 0.7064 Avea under ROC curve = 0.7222
Most of the resultscoming from these firstset of regressions confirm the findings of the
majority of the papers draft in this fieldQuite surprisingly, the role of GDP growth as a
determinant for a systemic banking cridisl not prove to be strong witkll the specifications
tested with the null hypothesighat has never beemjectel at a satisfying significance level
(lower than 1@6). On the other handthe positive sign of its coefficient is in line with the
economic cycleview that wants a financiatlebaclepreceded by a wealth bubpleflated by

an excessive credit availability aadviral overoptimism among economic players.

As the crisis inceptiondate get closer (within the previous 12 monthdhe relationship
between the variable and the lkelhood of entering in a csisife turns negative, suggesting

that the bubble has finally burst and the economy has started to spiral down into the recession.
In light of this performance, théwo-year lag, twice with respect to the other variables,
revealed excessive, as a movementhefGDP gains statisticalconsistence as much as we get
closer to thecrisis outburstdate In fact, once tested contemporaneously on the same set of
countries, the variable turns highly significarkhis thesis ifds support in the conclusions
reached by DemgicKunt and Detragiache (1997n@ Kaminsky and Reinhart (1996) whose
analysis have been conducted on a simiar wwilte heterogeneous country data set.
Nonethelessthe robust result of the contemporaneous variable could be affected by reverse
causality, thus reflecting the influence of the crisis on the economy rather than vice versa. A
decline of GDP growthhas demonstrated to manifesth a significant lag prior to a crisis for
specific cluster of countries buit on regional income criteria (Caggiano et al, 2014)
Inflation performed significantlybetter in all the specifications Wi a pvalues often lower

than 1% and the expected posttive correlation with the probabiity of CFisése evidences
confrm the negative impact in the stabiity of a banking system provided by weak
macroeconomic conditongluring the period right before the oncoming of a crisidhe

positive coefficient of theLiquidity variable shows that the moreethbanking sector is
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exposed tocredit risk the more it would be vulnerable to credit deterioration and therefore to a
systemic meltdown. The ratio between banking sector credits on its deposits resulted deeply
statistically significant in all the regressipngonfrming its relevance as early warning
indicator. As suggested by Caggiano et al. (2014), this relationship is egptboidtening

for emerging economiesvhere on average banks are heaviy exposed towards a restricted
number of industriesAs wel, developing countries should be even much more senstve to
foreign exchange fiuctuations dkey are more than ofterharacterized by dollarization and
the financial sector balance between credits and liabilties is exposed to FXlwislever,
employing tle FX Net Open Positionl could not confirm its relevance as powerful
determinant for a banking crisis. As expected, a decliNety Open Positiornincreases the
likelhood of experiencing a crisbut the results displayed in the taldee not able tcstrorgly
corroborate the statistical significance of this relationskipr what may concerrM2-to-
Reservesit was expected to show a positive correlation with the outcome probatuitga it

is. This ratip which works as a proxy for capital outfiow vulnerahiigroved statistically
relevant in all the specifications, strengthening the theoretical alegatiorsdtow sudden

fal (rise) in capital inflows (outfows) har mf ul effect on ecwr. cour
Depreciationand Credit-to-GDP growth variables as well as thg@revious onesdemonstrated

to be vald early warning indicatordNonetheless, heir relationshipswith the output variable

can find an explanation in the main theoretical framewohksfact a drop in the nominal
exchange rate is expected destabiizethe balance sheets of those institutions characterized
by heavy foreign exchange exposures. Vice versaptistive correlation showed bfredit-
to-GDP growth confirm the role of a edit boom in setting the stage for a systemic banking
crisis, at leasts far as one year prioio the datedorset of the crisisWith these regardshe
differences in the treatment reserved to the -posis yearsmarkedly affeced the variable
signiicance level, supporting the idea that theecalving influence exerted by the
mistreatment of these distressed obsenaticam extend beyond the sole modaledictive
quality. Nevertheless, caution is requireals Credit-to-GDP variable is uniqueni this feature.
Uttimately, a change in théeTerms of Tradedid not incisively emerge as early warning
indicator performing poorly in both fdlample exercisedts fimsy result can find a marginal

explanation in the weak presence of low income developmgntries within the sample.
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Table 4: Binomial logit results on the reduced data sample (1998-2013). Crisis years next to
the first are set as non-erisis perlods. Leverage is intended as the ratio between banks' capital

and banks’ asset on a systemic hasis.

m @ @ 0 )
GDP growth (-2) 0.022 0.066 0.066 0.076 0.065
{0.20) {0.71) (0.70) (0.77) (0.70)
Inflation (-1) 0.031%**  0.030%** 0.030%** 0.024%* 0.027+**
(439)  (443) (451) (2.16) (3.46)
Depreciation (-1} -0.0032 -0.0028 -0.0028 -0.0052 -0.0067
{-0.37) (-0.32) -0.32) [-0.47) (-0.45)
M2-to-Reserves (-1} 0.034%**  0.033%** 0.032%** 0.033%** 0.030%**
{4.34) {4.00) (3.28) [3.24) (2.78)
[niq'.lidit}' {_l] U_MQI‘** D_Dlla“ D_nllaa‘ D_nllaa‘ U_nlz*aa
{2.90) {4.33) [4.53) [4.29) (3.76)
Credit-to-GDP (-1) -0.00045%**  -0.00045%**  -0.00044%**  -0.00041%**
[-3.76) [-3.74) (-3.68) (-3.28)
Net Open Position (-1) 0.00061 0.0011 0.0011
(0.06) [0.10) (0.09)
Terms of Trade (-1) 0.025 0.023
(0.95) {0.97)
Leverage (-1) 0.10
(0.78)
Observations 660 660 660 660 660
Pseudo B2 0.101 0.117 0.117 0.124 0.130
AIC 133.8 133.8 135.8 136.8 137.9
N of countries 44 44 44 44 44
Degrees of freedom 5 6 ki 8 9
Wald chi-squered 3.9 40.7 40.7 68.2 T3.3
Likelihood-ratio -60.9 500 -50.9 504 -50.0

1 statistics in parentheses

*p< 010, ** p <005, *** p< 001

Table 5: Binomial logit results on the reduced data sample (1998-2013). Crisis years after the
first are excluded from the sample.

(1) (6] (3] (4] (5)
GDP growth (-2) -0.037 0.0095 0.0020 0.034 0.021
(-0.38) (0.08) (0.02) (0.25) (0.16)
I]l".ﬂ.t.iﬂll [_1} 0.034.‘* n_naaaac 0_034333 0_025333 U.DQT**H
{4.16) (4.20) (4.28) (4.69) (5.02)
Depreciation (-1) 0.0033 0.0035 0.0033 -0.0043 -0.0040
{0.35) (0.36) (0.35) (-0.34) (-0.30)
M2-to-Reserves (-1) 04544 [L043%** 0.042%%+ 0.044%%+ 0.050%*+
{5.20) (4.93) (4.02) (4.00) (3.24)
Iniql.l.idit_y (_1) 0.012“* 0_014333 U_nlaaaa U_ulsaaa U.ulﬁﬂﬂa
{3.81} (5.58) (5.59) (4.94) (3.96)
Credit-to-GDP (-1} -0.00046%**  -0.00046%**  -0.00046***  -0.00043***
-3.61) (-3.64) (-3.58) (-3.22)
Net Open Position (-1) 0.0040 0.0035 0.0032
(0.37) (0.30) (0.27)
Terms of Trade {-1) 0.047 0.044*
(1.58) (1.67)
Leverage (-1) 0.094
(0.69)
Observations 501 501 591 591 501
Pseudo R* 0.147 0.161 0.162 0.182 0.187
AIC 125.0 125.1 127.0 1265.4 127.7
N of countries 44 44 44 44 44
Degrees of freedom 5 6 7 8 9
Wald chi-squared 45.1 53.9 55.7 GB.4 0.7
Likelihood-ratio -56.5 -55.6 -55.5 -54.2 -53.9

# statistics in parentheses

* p< 010, ** p < 005, *** p < 001
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Panel 2a: Small Sample. Binomial logit from Table 4. Panel 2b: Small Sample. Binomial logit from Table 3.
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Area under ROC curve = 07632 Avea under ROC curve = 0 8008
The secondset of estimations carries twoajor differences with respetd the onepreviously
commented.Firstly, the variableLeverageenters the scen&é a regressignalong with the

main eight variables. Its correlation is not stitically significant and the positive sign of its
coefficient is not anticipated by theory: a larger share of capital with respect to assets is due to
act as a shelter and thus reduce the likelhood of a d¢iisimever, te malel shows how this
phenomenorndoes actualy manifest gag closer to the time in which the crisis is expected

to start.In fact, once employed theariable value in the current period Tthe relationship with

the probabiity of a crisis turns out to bdfeetively negative.l wil not dig deeper into this
peculiarity as it fals outside the scope of the exerc8econdly, he data sampleinder
scrutiny is restricted both in terms of covered dispan and of countriesn particular, low
income countriescompletely disappear from the samplabalancing its composition towards
wealthy economiesAs a result of this metamorphqsithe latest episodesconcerning the
notorious Great Recessjomcquire considerable weight. Thereforeot only the amount of
observations drastically shrinks but even the results drawn tipem are expected to differ
from the ones obtained using the entire data lsetking atthe outcomes of the regressions
displayed in Table 4 and Table 5 the variable Depreciation is no longer tatisticaly
significant and its relationship with the outputprobability vary across the sixlifferent
specificatios. Looking closely at theresidualdatg once the sample has been squeezed itout
becomes pretty evident the fact that bgving outmany low income countrieand overall

large time intevals subjected to exchange rate shocke sample shape has profoundly
changed Notably, eventhe notoriots episodes known as he Mexi can ATequi l a
Asian crises largely characterized by a drastic drop in the domestic currency valuation, are
excluded in this occasiofherefore, it comes weakeretheffect of a currency collapsen the
probability of observing a systemic banking crisas it should weight the mogbr those

countries whose economies strongly rely on foreigarrencies. This is especially true for all
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those economies, included in the ful sample, tue dolarzed and are consequently much
more sensitive to exchange rate fluctuation. As wel aDepreciation this reason is due to

be also at the base of theobustinsignificance reported by thidet Open PositionEssentially
because | ow i ncnoiaheystemso bawet mormallg dvorstf nen wreign assets
balances and therefore are more exposeal $oddemegative shoclof the domestic currency.

A part from these two explanatory variables, tl@hers confirmedtheir relevance (or
irrelevance) as early warning indicators, highlighting some possible simiarites in the
ingredients necessaro set the stage for a systemme banking crisisacross different
countries and time period®\ little criticism can be aised on the sign ahe coefficient of
Credit-to-GDP. Unexpectedly, in these last regressiangurned negative contradicting the

role of a credit boom in setting the stage for a banking crisis. What it is deemed to be one of
the most supported theoretical belidiowever can vanish if in period -L the available
domestic credit has already started to drop. If this is the caseethitt appear much more
plausible as once the credit bubble burst ek of liquidity in the system is expected to
make the economic recession, as well as the banking instability, even wolRsegoff and
Reinhart systemic definition is not exempt frohis tpossible drawback as the event deemed
to signal the beginning of the crisis episode, such as a run or asdaige government
assistance, could be thmesult of a downward spiral started well befofes partially verified

with the full data set, theregressionresulting coefficientsdo not change along with the

deletion of the postrisis observations.

In order b test the goodness of the moddismainly reled on the wsample predictive
accuracyand the magnitude of the area under the ROC dqéi€) generated by the model.
Since postestimation measures as the percentage of correcplyedicted crises (Sensttivity)
Type | and Tpe Il errors Kespectivelymissed crises and false alarjsiictly depend orthe
subjective selection othe threshold probabiity needeto trigger a crisis signal, | Wvigive
priority to the model that has been able to produce the greater BWCROC curve is more
informative than the posistimation classification table since it summarizes the predictive
power for all possiblethresholds.Furthermore | took into accounthree statistical tests: the
pseudo Rsquared, the Wald ebiuared statistic and the Akaike Information Criterion (AIC).
The first two of them, the pseudo-dquared as suggested by McFaddesand the Wald
statistical test,convey measures of the modejualty by comparing the performancef its
unrestricted version toits interceptonly one Higher values for these metrics would
correspond to a better goodnesdit of the model to the data. The AIC criterion provides a

relatve measure of the qualty of a model, computing together the log likelhood of the
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estimation and the number of estimated paramet®eing the sign of the lkelihood term
reversed, smaller AIC alues mean greater quality in tpeculiar model specification (relative

to the othes beingtested). Back to my results, it seems fairly striking that the models tested
on the downsized data sets performs better that the ones which exploitechediltiide data.
These conclusions are backby an increased pseudocdguared and Wald ekguared.in all
probabilty, by deeply reduang the data set heterogeneind the number and variety of
systemic events inaled within the tested period (15 epiedagainst 7dor the extended
sample) the resulting cluster of countries is more efficient than naively pooling together all
the available information. As sustained by van der Berg et(2808), this feature is
particularly distinctte of financial cries. Because of their mutatingendency across countries
and timespans, these phenomena should be studied in optimal clusters that account for their
specific characteristicsFor what may concernthe insample predictive abiitycheck to
optimally perform this duty it would be necessasgditional information on the costs that a
government should bear in case of faiing to signal a crisis and the cost of implementing
useless prevem# actions once a crisis is detected by the mddebther words, itwould be
needed the utit function of the policy makerAs a consequencanodeling a EWS on a
countryspecific basis represents the ideal solution to maximize its effectiveaessynfirmed

by several authorsHowever this grade of spécty falls outside te real purposes of this
work. Being unable to shapths thresholdon the basis of @ ol i cy maker és pr
decided to set theutoff probabiity equal to the ratibetween theavailable cri@ episodes

within the data sample and the total amoaftobservations(once the variables have been
lagged) Consequently, thespercentagegange from a maximum 08.4% to a minimum of

2.1%, respectively for the ful and reduced data s®&sased on the premises by dropping

the years following the burst of the crisis we obtained better rebkaks simply considering
these observations as tranqui periodbe improvementshighiighted inTable 6 undoubtedly
suggestthe existence of theso called postcrisis bias Taking into consideration just the
models accounting for this issue, the widest specification fi@ble 3 correctly detected
about a half of thecrises, whie the rate of false alarms (Tydeelror) amouns to a
percentageof about 74.6%. Overall the modelcorrectly predictsa satisfactory73.8% of the
observations.By adding Leverageand restricting the data sample, as dondable 5 the
overall predictiveabiity of the modelremarkably increaset® a percentage barely lower than
80%. Both the rate of crisis correctly predictedSensitivity) and the rate of nasrisis periods
detected (Specificity) increase to 7%4and 80.1%, respectiveln both cases, ful andmall
sample, the models implementing the bias solution outperformed the remaining models in all

the postestimation metrics exposed abovdo definitively identify whether a clear
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performance boost effectively emerges amtlich test atualy outperformedthe othes, |
looked to the ROC and the Area Under the Curve (AU@ependently of the data set
employed, the models adopting @pendent variable adjusted for thesis duration bias
(Panel 1b Parel 2b proved better than bgrroneouslyconsidering postrisis years as normal
periods Panel 1a Panel 2a On the basis of this measure, the qualitythef regressions run
on the reduced data sample fairly overcome the exeeuted on the full set, with a maximum
AUC of 0.80(reached by dropping the pesisis observationsPanel 2.

Table 6. Posestimation statistics for afbur binomial logit exercises.

. Binomial
Rogoffand Reinhart (2009 Metrics Treatmen No Treatment

Sensitivity (%) 50.7 49.3
Full Data Sample (1980 Specificity (%) 74.6 72.3
2013) Overall accuracy (%)| 73.8 71.6

AUC 0,7222 0,7064
Sensitivity (%) 71.4 71.4
Small Data Samplél998 Specificity (%) 80.1 74.6
2013) Overall accuracy (%) 79.9 74.6

AUC 0,8008 0.7632

4.2 Graphing the Duration Effect

The following exerciseshares thesame spirit of the previous logistic analysis dsaims at
adding further weight to theostcrisis bias hypothesis and providing, if any, a graphical
representation of the relationship thaibds together the duration & crisis and thejuality of

the modelin predicting these eventdo the best of s knowledge, an exercise set up as
folow has never been implemented befokore practicaly | hae tried to strengthen the
convictions over the existence of a crisis duration related biasgthqalatting the AUC areas,

as suprememeasure for the modelccuracy(being independent of any policy maker utility
function) of muliple binomial logit regressions whose data sample has been discriminated on
the basis of a crisis duration variable. Thitestindicator has been computed as the average
length of time of all the criseexperienced by a country during the tisgan covered by the

full data set (198@013). The resulting graphs wil show whether the predictive quality of the
model move along with an increasing presence of ldagfing crsis episodes in the sample.

In fact, by gradualy including countries whose average crisis duration is increasingly higher,
there should be greater room for thestcrisis biasto manifest and infuence the predictive
goodness of the specification. As dorfor the previous benchmark exercise, the same
regressions wil be run both dropping the posis observations and treating them as

tranquil timesin a horse race fashioWhether a postrisis effect does effectively persist and

50



magnify along with theraising duration of the crises under scrutiny, the exclusion of the post
crisis observations should beneft to the predictive abilty of the evaluated models. Because of
the comparative meaning of this empirical session, the regressions therein am @arrie
considering only the more extensive form of the data sample andigtiteinitial explanatory
variables ilustrated imable 2 (winsorized at the st and 99" percenties).The reference crisis
definiion is the one praysed by Rogoff and Reinhart (2009 already employed in the
previous logistic testsThe information reportedfor each logistic regressions has been limited

to the AUC areas produced by their ROC curaed the number of countries involved in the
regressions

Graph 1.Effect on AUC areas of longéaisting crisis episodes

Sampling by Average Duration per Country
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Graph 1lilustrates the results for a total of seveegressions. At each marginal increment in
the Crisis Duration Thresholdall the countries that havexperienced defaults whose average
duration is equal or below this cutoff are included in the tested data samples uméximum

size is reached (JOA couple of exceptions has been made for the Central African Republic
and Israel whose systemic crisehlid effectively startduring the late 70s, protracted within my
period of interest and ultimately vanished during the first observed decade. In order to avoid
to exclude these observations or, even wosseply truncate the crisis and align its beginning
with the one of th covered period (198R013), | hae conglered these two episodes in their
integrity when computing the respective average crisis duration VEfge.count of countries
per regression is reported under the X axis of the graph in bsadkiéiat starslout pretty
evident from the graph is theregular trend of the model accuracy whie the list of countries
kees on inflating towards itsmaximum dimension. At a first glance, this result could firstly
seem quite abnormal as more countribsul mean more observatomnd therefore more
useful information. However, this efficiency argumentation becomes qgistless when
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studying financial crises because the fact@spected to lie behind these eventgan
profoundly change from country to country. Van den Berg, Candelon and Urbain (2008)
found that not only aicher list of countries could not improve the model efficacy but it could
even deteriorate . itThis is exactly what we can obserfi®m Graph 1 Their findings suggest

that optimal clusters of countries can be even smaler than the regional dimension that has
been purpose of studies for several researchers. Therefore, the AUC deterepatived by

both modelscan be e detrimental effect of thadditonal countries which effectively spoll
better shaped cluster Another plausible explanatiooonsists inthe existence of a negative
relationship between the average crisis duraton and the model predictive accuracy.
Dffer ently from the fAopti mal clustero interpre
the spread between the two plotted lirggadually widens together withthe average crisis
duration of the countries included ansdimultaneouslythe average duration of the whole data
sample climbs to its pealn fact, at least partially, the trigger behind this qualty deterioration
seems to coincide with theostcrisis bias and this phenomenon magnifiedsong with the
increasing length of therises included in the sample. The spread between thdinegoin

Graph 1 confrms the effectiveness of the treatment adopted in tackling this problem
Nonetheless there could existframeworks (as the mulinomial logit modelthat could
effectively allow a greater power recovery rather than just roughly discarding the suspected
observations Whatever solution is adopted, the takeay conclusion that emesgdom the
widening gap between the dotted and the flats isaggests hat the greatens the average

crisis duration of the entre sampthe more a proper treatment for the powis years
becomes beneficiafor the sake of the predictive qualty of the EWshe performance
differential between the two posirisis treatmats stabiizes once the data sample has almost
regainedits complete form.To a slightly limited degree,naever increasingostcrisis biasis

also what starglout from the exercisalisplayed inGraph 2that plots the outcomeof a test

simiar to the previous one. The magxecutive difference consists in the criteria that lays
behind the partitioning of the data sample. Whie previously the list of countries grew as the
average dration requirement was gettingose, this time it is the number of postrisis
periods (years of crisis after the first) per country that detesmithe data sample
composition. Here, too, countries which have frequently gone through-l&simg systemic
distress periodsveight more than other coustsi heavily affectinghe improvement brought

in by the duration bias solutionrOnce again thepostcrisis bias hypothesis finds further
support. Indeed,the model implementing the bias solution always outperforms the simple
binomial framework and their permance gap hits its clmax once the most crisis affected

countries are taken into consideration.
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Graph 2. Effect on AUC aread postcrisis periods
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4.3 The hidden forces behind crisis duration

The results just obtained and plotted in the previous graphs suggest a positive correlation
between theength of the crisis episodes and the predictive qualty of the models tested upon
them. Under this assumption, countries which are more prone to prolonged financial
recessions should truly consider to adoptpa@stcrisis bias solution when implementing a
logistic early warning systentoncerning systemic banking crises. Nonethel@sspractial

terms this hint comes prettydificut to handle and exploit from a governmental point of
view. In the attempt ofproviding policy makers withmore quantiible and representative
indexes of the exposure of the country towards futureenduring bankingcrises, | hege
collected a relevant number of variables that could eventualy show some relationship among
the poltical, economic and institutional framework of a countand its tendency of
experiencingaboveaverage lasting defaultdvioreover, byregressing the dation variable on

these metricd could eventualy uncovesome ofhidden forces that lie behind the duration of

a banking crisis andherefore able toexplain to some extent, its severit$o far, these kd

of investigations have beepeculiar of that researcireainvolved in estimating the real costs

of a financial meltdown. In fact, crisis duration based indexes have been employed as proxies
of the impact of the crisi Wims tswaak amd ae Haam y 6 s
(2014) did it in matte of systemic banking crises and fouséveral indexes, ranging from
institutional to more financial ones, significantly related to the duration of a crisis. High GDP
per capita, in particular, emerged as symptomatic of prolongeessionsIncome per capita

is considered to be a proxy for the qualty of institutions and, in turn, is likely to be positvely
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correlated with the effectiveness of the supervision effort over the relative banking industry
(DemirgicKunt and Detragiache 1997). Under these assumptions and being it readiy
available for my entre set of countries | used it as base explanatory variable for the oncoming
near regressionsMy dependent variable, previously employasiCrisis Duration Threshold

in executingthe AUG-Duration graphicakexercise Graph J, is the average crisis length on a
country basis and therefore constant for each of ti@maccommodate this feature and the
purpose of this testhe data set ceases to have a panel data shape while turning into a simple
crosssectional data sample with a single observation per country. As anticipated, the
explanatory variables have very diverse natae®ng each otheranging from indicators of
specific features of the financial sector, such as its concentration, liberalization and depth, to
institutional quality indexes.Their main selection criteriais focused onthe existing literature

in matter of real impact of banking crises, as efficiestynmarized byVims, Swank and de

Haan (2014),complemented with a pinch df h e  a ownlcariosiy.sA part from those
variables that werstatic by natureasfor the Latitude the others had to be averaged over the
entre sample (198RQ013), where available, or across a restricted-$p#n. Table 7 lists the
whole set ofvariables involved in this analg dong with their coverage perioda brief

description and theationale behind theinvolve ment

Table 7 Independent variables for thiriration-relatedOLS linear regressions.

Variable Rationale Description Period
Wealth, GDP per capita in USollar $ (current
GDPmean Institutional value)* 19802013
Quality
: Absolute value of the lattude of a
Latitude Geog_rgphlc country.Ranges from 0 to 1 (south to -
position
north)
OECD Membership Binary variable. 2013
Conc Beck Banking Se(_:tor Fraction of assets held by the three larg 19881997
- Concentration banks*
. Banking Sector | Share of deposits held by the five large
Conc_Caprio Concentration banks * 19801997
Banking Sector | Fraction of assets held by the three larg ,
Conc_3 Concentration banks * 19972013
Conc_5 Banking Sec_:tor Fraction of assets held by the five large 19972013
Concentration banks *
Total credit booms years by country bag
RCC Credit Boom on the variation of real credit per capity 19802011
from its long term trend
Institutional Weighted means of econampolitical
Qcluster , and legal institutional quality indexes-(1 19902010
Quality 5)
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Composite of: sice and accountabilty,
political stability, government

Gov_Quality InthrltJlgllgnal effectiveness, regulatory quality, rule g 1998
y law, and corruption. From 0 to 1, fro
worse to better governance.
Number of entry applications denied as
frac ent _Finar_mcia_l _fragtion of thg total number of‘ 2001
- Liberalization applications received from domestic af
foreign entities.
Sum of fourmeasures that indicate the
degree of restriction of bank activities i
restrict _Finar_wcia_l the securtties, insuranqe and real ests 2001
Liberalization markets and ownership and control o
nonfinancial firms. From 1 (unrestricteq
to 4 (prohibited)
o Financial Ratio of regrves required to be held by 2001
Liberalization banks
bfree _Finarjcia_l Indicator of re_Iative_ openness of bankir 19951997
Liberalization and financial system *
Financial Also known as the Chinho index Is an
KAOPEN o indicator of a c¢ o| 19802013
penness "
account openness.
BCreditGDP | Financial Depth Rat'osrfo‘\j/%”;gsg';f g;ﬁﬁg o PV, Se% 19802013
Market The HerfindthHirschmannl ndex
HHI Concentration (Product HHI), is a measure of the deg| 19952013
of product concentration. *
.. | Total years of currency crisis experieng
CurrencyCount| Currency Crisis by the country. 198062010
SovereignCount Sovere_ig_n Debt Total years of sovereign detatisis 19862010
Crisis experienced by the country.
, , Total years of armed conflict experienc
ConflictCount | Armed Conflict by the country. 198062013
_ Foreign Percentage of banking systessets in
Foreign Ownership banks that are 50 % or more foreign 2001
owned.
.| Percentage of banking systexssets in
State State Ownership banks that are 50 % or more state own 2001
, Cultural Variables that capture the percentage
Musiim discriminant population that is Muslim.* 19881997
Catholic _Cu_ttu_ral Variables that capture the percentage 19881997
discriminant population that is Catholic.*

*Average over the period.

partialy stem the phenomenorNonetheless,
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Unsurprisingly, most of these independent variables show strong multicolinearity with each
other, especialy among thosharing the same rationald@herefore, bunching them together,
although not affecting the predictive power of the models, would result in radicaly alered
coefficients as information redundancy skyckes. By keeping just the average GDP per
capta GDPmeal as base vable andcombining it with a different predictoat a time |

it stil manifestpretty evident with some




specific variable(Table §. Another possible source of estimation bias could come ftoose

countries which do not carry any information over their systemic banking default episodes

(ust mid episodes) This cluster of countries that
was considered as part of the base group in
previous logistic regressions mostly composed by
It is a fact th

some of these, particularly due to their tiny size, h

low ard middle income economies.

never experienced a truly disruptive systemic epis
or at least no one that could eventualy fall under
crisis defintion adopted by Rogoff and Rwnt
(2009). the
regressions as fre@isis countries could distort th

However including them in lineal
resulting coefficients Therefore the regressions hawve
been run just congwling those countries which ha
at least one documentedgstemic crisis, leaving ou
the entire base group previously employed during
logistic tests. Despite the information cost of t
decision isburdensomethis solution was required t

preserve the robustness of the analysis and

Table 8: Correlation and collinearity
(VIF) indexes between GDPmean and
the other variables.

v Correlation VIF
GDPmean 1.00 1.00
Latitude 0.71 1.99
OECD 0.84 3.35
Conc_Beck -0.29 1.09
Conc_Caprio -0.06 1.00
Conc_3 -0.14 1.02
Cone_5 -0.31 1.11
RCCount -0.47 1.29
Gov_Quality 0.89 4.72
frac_ent -0.24 1.06
restrict -0.38 1.16
rr -0.25 1.07
bfree 0.47 1.258
Conflict Count -0.15 1.02
CurrencyCount -0.20 1.04
SovereignCount -0.34 1.13
Qcluster 0.83 3.18
KaoMean 0.69 1.90
BCreditGDP 0.75 2.25
HHI -0.39 1.18
Foreign -0.21 1.05
State -0.20 1.04
Muslim -0.31 1.11
Catholic -0.03 1.00

veracity of the reBonships delivered by the regressions.

The number of countries involved in eadgnession (given each varialdevailabiity) and he

resulting coefficients along with their t-statistcs are displayed in Table
Table 9: Linear regression on average crisis duration.
Duration | GDPmean Latitude OECD Conc Beck Conc_Caprio Conc 3 Conc_ 5 RCCount
Coefficient -2.13 0.83 -1.69 -0.55 1.50 2.08 0.073
. (-1.06) (0.72) (-1.32) (-0.28) (1.02) (1.12) (0.45)
GDPmean | 0.000050*%  0.000076%* 0.000022 0.000046* 0.000038 0.000059**  0.000057** -0.00029
{1.99) (2.16) (0.48) (1.90) (1.23) (2.48) (2.20) (-1.26)
Obs. 55 55 55 44 258 54 51 31
F-Statistic 3.95* 2.54* 2.22 3.69%* 0.82 3.32%* 2.51% 0.94
Duration |Gov_Q1m]ity frac_ent restrict rr bfree CurrencyC SovereignC ConflictC
Coefficient 0.67 0.91 0.21 0.063 -0.034 -0.015 0.068 0.035
(0.81) (0.84) {1.45) (1.50) (-0.08) (-0.29) (1.66) (1.16)
GDPmean | 0.000013 0.000056**  0.000065**  0.00011** 0.000051* 0.000035 0.000061*  0.000054**
(0.24) (2.23) (2.24) (2.69) (1.81) (1.19) (2.01) (2.14)
Obs. 44 43 32 21 43 43 43 55
F-Statistic 2.53* 2.53* 2.73* 3.99+* 2.01 0.97 2.37 2.66*
Duration | Qecluster KaoMean BCreditGDP HHI Foreign State Muslim Catholic
Coefficient 0.56* 0.36 -0.00026 1.64 0.0072 0.0034 0.0045 -0.0091
(1.83) (1.08) (-0.02) (0.92) (0.41) (0.22) (0.44) {-1.23)
GDPmean | -0.0000064 0.000024 0.000050 0.000059%*  0.000053**  0.000052** 0.000054**  0.000050**
(-0.16) (0.70) (1.33) (2.19) (2.13) (2.08) (2.12) (2.09)
Obs. 54 55 55 55 44 44 44 44
F-Statistic 4.60%* 2.56* 1.94 2.40 2.26 2.19 2.28 3.00*
t statistics in parentheses
*p <010, p<0.05, ™™ p <0.01
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Information related tothe goodnessf-fit of the various models have beemitted in order to
focus t he reader 6s concentration on Thehe C
displayed outcomes do not seem to carry robust and valuable information as most of the
variables resutted poorlgorrelated to the average duration dependent variable. Nevertheless,
the podive relationship showed byGDPmean is statistically significat in most of the
specificatons and backed by thmesults obtained byVims et al. (2014) which found the
correlation between the crisis duration and the income per capita to be the strongest among all
their durationrelated results.A part from the incoerelated variable,just the Qcluster
variabl e, proxy for t he guality of a C O
significant. These results suggestat countries with healthy institutongand above average
wealth per capita are more subjected to -lasging banking crises, once they have already
plummeted in . Interestingly, in spite of being backed by past empirical evidencesie of

the four variablesexpected to measure the degree ofrmtial lberalization (frac_ent,
restrict, rr, bfree) together withthe count of currency crise€rrencyQ have been able to

show a significant relationshipAs anticipated, behind the unsatisfactory report produced by
the regressions there could be the negative infuenceolivfearity bias. With this regardhe

author decided taeport just beneaththe resulting coefficients from each specificatiothe F

Statistic of the individual analysis This metric, outcome o statistical test @est) in which

the test statistic has an-distribution, conveys the capacity of rejecting the joint hypothesis
that the coefficients are both zero. Along with the coioglabetween thecoefficients and the
variance inflation factor (VIF) for each pagDPmeanrVariable(lV) as displayed inTable 8

the Fstatistic would become a valuable tool to highlight the presence of detrimental levels of
colinearity between the tested variables. Understanding if a problem of this nature iy actuall
affecting the results would naepresent a priority whether the aim of the exercise was to
learn more aboutthe qualty and the goodnee§fit of each spedéation. Nonetheless, as the

true goal of the linear regressions consists imidfiging any significantrelationship between
dependent and independent variablé® presence of undisputable signs of mulicolinearity
among these variables aeDPmeancould threat the reliability of the exergidey distorting

the obtained coefficientsand their signiicance levels. In this direction, anomalously high
VIFs (which quantify the degree ofariancedistortion caused by colinearity t@n estimated
coefficient), greater than 1.9accompanied byorrelation values higher (or lower) than 0.5 (or
-0.5) would trigger solid alarm signal&dditional concerns would arise whether arsthtistic
(among thos reported in Table 9, which strongly rejead the joint nul hypothesjswas

related to insignificant or scarcely significant coefficients, ,thusable to firmly discard the

nul hypothesis for the individual parametefhis investigation process led to a bunch of
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explanatory varidbs whose connection with GDP per capita was more or less intuitive. For
example, itis deeply recognized that OECihembers (OECD) are on average wealthy
countries and that income per capita works evenmaasuref o r a countryos
quality, mirroring the rationale behind the employment Gbbv_Quality and the ordinal
variable Qcluster As it is well known that private credit to GDP ratBQreditGDP strongly
correlates with income level. A bit more blurred, instead, are the causes obliheariy
exhibited by KaoMean the average of a financial openness index, amel banking
concentration metric provided by Beck et al.(2Q000pbnc_Beck although more concentrated
banking sectors are generaly associated with young growing financiénsy To
definitively test whether a colinety issue effectively exists | ke regressed the duration
dependent variable against the individual independent variables over which coodrias
were strongestResults from this analysis can be obsérveTable 10

Table 10: Variables characterized by high collinearity with income per capita.

Latitude 0.93
(0.63)
OECD 1.30%*
(2.07)
Conc_Beck -2.39*
(-1.88)
Gov_Quality 0.84**
(2.26)
Qcluster 0.52%+*
(3.06)
KaoMean 0.52%*
(2.16)
BCreditGDP 0.012
(1.44)
_cons 4.16%%* 4FHE 5.ROFFE 4 1TFFF g gRFEE 4 F1FFE 3 gEEF
(9.96) (12.17) (6.38) (14.52) (6.03) (15.40) (8.06)
Observations 55 55 44 44 54 55 55

t statistics in parentheses
* p < 0.10, ¥* p < 0.05, ¥* p < 0.01

As supposed, several of the variables expected to be affected by collinearity problems with
GDPmeandemonstrated a relevant and, in some cases, even strong direct correlation with the
duration dependent variabld=rom this latest regressmnit emerges that the degree of a
countryoés <capital account openness and its
in determining the inclination of a specific economy towards eplagting banking defaults.

More in detail, countries characterized by mider restricions on echwmssler financial
transactionscould be more exposed to drastic capital figbts contagion from international
shocksin case of systemic default, whie fragmented (distributed) banking ustry is due to

be much harder to recover than just aamirating the recovery efforindfew institutions.The

same weakness is expected to be shal®dthose countries whose economic, poliical and
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institutional infrastructures are wealthier and robdébnetheless, it must be remembered that
these considerations gain valdity once a country is effectively plummeted into a crisis state.
Therefore, if on average a wealttand wellstructured country demonstrated to be more
exposed to lasting crisis eventhe opposite relationshipan becomerue once the variables

in question are employed as early warning indicators in the attempt of forecasting those
specific events The results reached Hyemirgii¢Kunt and Detragiache(1997) on GDP per
capita and Law ah Order indexsupport this view Differently, the positive sign exerted by
BCreditGDP, the proxy measurefor financial depth, is supported by previous findings a
greater availability of instruments would allow to quickly relocate credit risk or eventualy
provide some shelter through sophisticated hedging strategies. Unforjusately when
tested separately from income per caf@&reditGDP coefficient cold not prove statistically
robustat a satisfying significance level
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Chapter V:

Robustness and Sensitivity Analysis

5.1Determinants checkup

In the first part of the robustness analydisverify whether the results obtained on the
determinants of a banking crisis are more or less solid. To do lseep the variables that
showed a sound correlation with the oncoming of a crisis during the previous binomial
exercises and | retest their rfoemancesunder changed condition terms of covered tirme

span, independent and dependent variable. A plausible doubt can be raised on the possible
misleading influence that integrated crisis dates on the original Rogoff and Reinhart (2009)
definition could have brought in the regressio®@nce these data have been discarded from
the model, the count of countries under scrutiny sqseerel the resulting outcome is
llustrated in Table 11 (1). No noteworthy changes in the sifjoance level of the variables
coefficients or in their signs materialize, confrmingatt the integration process hdeen
managed withadequatecare. Thereafter, | hee questioned thepecific dating proedure and

crisis defintion employed so far, remlucing the logistic analysis on a dependent variable
buit on the information provided in the systemic banking crisis database by Laeven and
Valencia (D12). The verdict of this test, as displayedTable 11(7), confrmed the beliefs
gathered around the predictive qualty of some indicators as the growth rate Gxiettieto-

GDP ratio, the M2-to-Reservesand theLiquidity indexes whie at the same time denying the
centralty ofthe role played by the change tile exchange rate and the inflation radang

with the eclipsing of these variables, other indicators gained a stronger pastihe
analysis.GDP growthrate andNet Open Positiorare subjected to sharp movements toward
satisfying significance lewvel Both their negative signs have already been observed in the
iterature, teling of an increasingrisis likelhood in case of aeconomic downturrstarting

with a twoyear lag and a omgear lagged negative net open position, highlighting a currency
mismat c h bet ween b a n k sti@t inaterrs enagsifies any talantei shéet | 1 t i e s
deterioration caused by an eventual drop in the domestic currency valdegimn, all these
findings gather wide supponvithin the dedicated literature, confirming the choice of the
banking crisis defintion as one the most troublesome decision that a researcher and/or a
policy maker have to take in implementing a EW@oving from the left to the righband

side of the regressioequation, four additional explanatory variables have been tested, all
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being lagged by one periodmong these, the strongest signal is produced by the-tehort

lending real interest ratéTable 112) which confirms its relevare as early warning indicator

and the detrimental effect of a lending 1in
shees. Higher rates are deemed to increase the chance of banking crisis one year in advance,
both because they reflect an ongoimgaricial liberalization andan increasing risk of greater
sharesof nonperforming loansNotably, the interest rate variable proved to be a good proxy

for financial deregulation as itontemporaneousirown out theeffect carried by thegrowth

rate of private credit, as both variables pursube samerationale Otha weaker but stil
significant correlations are showed by the capital account openness ind@pdn Table

11/4) and the armed conficdummy variable Conflicts Table 115). Respectively, these
results suggest that countries with a tighter regulatory framework in matter ofbonoss
financial transactionsand/or which are taking directly part into an armed confict e

likely to experience a systemic banking crisis in the following yé&arparticular, a higher

grade of financial openness is expected to make banks more resiient to surrounding shocks as
they can lend abroad to partialy hedge from domestic economy volafiiig. export
concentration index (HHITable 113) was deemed to capture to which extent an economy is
focused on a restricted number of industries and, therefehether the banking sectdegree

of risk diversification could impact the probabiity of crisis. Although its sign is in line with

the theoretical assumption that wants more concentrated economies highly exposed to full
fledged financial mitdowns, its coefficient did noproved satistically able to reject the null
hypothesis at a satisfying significance level. Ultimateliqe tdummy dposit insurance
variable did notshow a significant correlation with the likelhood of experiencing a crisis
(Table 11/6). Overal, the variables that during the main logistic analysis proved able to
soldly perform as banking crisis predictorsonfrmed the robustnessf their valuable

contribution in the attempt of building an effective EWS.
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Table 11: Binomial robustness tests on the full data sample (1980-2013). Crisis years next to the first are excluded
from the sample. A part from Export Concentration, Kaopen and Conflicts, all variables have been winsorized at
the percentiles 1 and 99. Real Interest Rate stands for the short-term lending nominal interst rate adjusted for
inflation as measured by the GDP deflator. Kaopen, or Chinn-Ito index, reflects a country’s degree of capital
account openness. Conflicts is a dummy variable that indicates in which years a country has been involved in an
armed conlfict. Explicit i a dummy variable that take value of 1 when is present an explicit deposit insurance

scheme.
[§Y] 2 @) [ (&) (6) ]
M2-to-Reserves (-1} 0.021%%*  QO3L***  0.032%F  0024%*F Q024%FF 0023 0.018***
(3.89) (5.52) {4.77) {4.01) (5.60) (5.08) (3.44)
Liquidity (-1) 0.0052%**  .O12¥* 0014 0.0064%**  QLO0GE*F  0.0066%FF  0.007T0***
(2.01) (6.54) (7.76) (3.41) (3.68) (3.86) {4.85)
Credit-to-GDP (-1} 0.012%** 0.010 0.012 0.0078**  Q.O080**  0.00TT**  0.011%**
(2.58) (1.28) {1.31) (2.20) (2.25) (2.21) (2.02)
Inflation (-1) 0.034%%*  [.042*%**  0.030***  D.02ZB***  Q.O3I0*** .02 0.0058
(5.29) (2.96) {4.32) (4.62) {4.79) (4.85) {1.11})
Depreciation (-1) -0.022°%*% 0000086 0.0019  -0OIB***  (OIE*** 0.018*** 000026
{(-3.97) (-0.01) {0.21) (-3.38) (-3.34) (-3.40) {-0.06)
Real Tnterest Rate (-1) (041 %+
(2.78)
Export Concentration (-1} 0.077
(0.04)
Kaopen (-1) -0.15*
{-1.81}
Conflicts (-1) 0.53*
{1.81)
Excplicit -0.061
{-0.26)
Net Open Position (1) -0.012%%*
(-2.85)
GDP growth (-2) -0.051*
(-1.88)
Terms of Trade (-1) 0.00074
{0.08)
Observations 1475 1126 1152 2056 2064 2064 2302
Pseudo R* 0.073 0.144 0.132 0.081 0.080 0.075 0.072
AiC 404.8 269.2 £16.5 599.5 607.0 610.0 624.9
n of countries 5l 63 70 0 70 70 T8
Degrees of freedom 5 6 6 L] ] ] ]
Wald chi-sguared 1319 92.8 1173 153.4 120.9 1418 257.7
Likelihood-ratio -241.4 -127.6 -101.2 -202.7 -206.5 -208.0 -303.5

t statistics in parentheses
*p< 010, ** p < 005, M p <001

5.2 A different definition for banking crisis

A part from the outcomes in matter of crisis determinants, major elementhat could have
been key in misleading my results consists in the choice o€ribis dating sourceused to

buid my dependent variable. Therefore, to furtltemsoldate my findingsover the post

crisis bias and the role of the crisis duration in amplfying it, | have repeated the main
exercises switching my initial dependent variable, buit on the information provided by
Rogoff and Reinhart (2010with the o which relies on Laeven and Valen¢2012) dating
procedure.Together with the work of Rogoff and Reinhart, the database buit by Laeven and
Valencia, whose latest version dates back to 2012, represents thef-#tatart in terms of
most updated finamal crisis archives. Thereina crisis episode is registered whether these

two conditions coexist: significant signs of financial distress in the banking system (1) and
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significant banking policy interventon measures in response to significant lossé® in
banking system (2). Signs of financial distress are defned as e.g. bank runs, losses in the
banking system and/or bank liquidatons, whie a polcy intervention is considered
Asignificanto whet her it me t somee bankant it
restructuring gross cost exceeds the 3 percent of GDRualtative onessuch assystem

wide bank nationalzations, guarantees, deposit freezes and bank holigtyson these
assumptions, the new data set alows the inclusion of countrieshdidatto be previously
discarded due to a lack of information under the crisis definition provided by Rogoff and
Reinhart. Most of the recovered countries belong to the IdBEBP per capita slotsthus
contributing to an increasingliversification in the composition of the samplEhe following
economies from almost all over the world find a place in this analysis: Bangladesh, Belize,
Chad, Republc of Congo, Dominica, Kuwait, Niger and Sierra Lebv¥h these premises

and considring the extended version of thelata sample(now including 78 countries)the
resulting dependent variable counts in 80 systemic banking crises and 276 overal distressed
annual observationsThe adoption of this variablas regressand led tthe resultsof the
countecheck exerciseon thelogit modelsreported inTable 12 Here, | condenskthe output
information coming from the logistic regressions keeping what is effectively relevant in
determiningthe power of the model as EWS and, if athg existence of @ostcrisis bias

The independent variables are the ones employed for the previous main logistidgests.

can be clearly seen, the predictive quality improvement obtained by droppingstheyears

after the first is confirmed.

Table 12 Logit models predictivity powemcelLaeven and Valencia (2012) dating system is employed.

_ Binomial
Laeven and Valencia(2012) :
Metrics* Treatmen No Treatment
Sensitivity (%) 55.4 56.8
Specificity (%) 72.2 70.5
Full Data Sample (1982013)
Overall accuracy (%4 71.6 70.1
AUC 0,7381 0.7176
Sensitivity (%) 75.0 75.0
Specfficity (%) 80.3 78.8
Small Data Sample (1998013)
Overall accuracy (%9 80.2 78.7
AUC 0.8548 0.8158

*Specific cutoffprobabilities computed as the ratio between the crisis periods and the total number of observation in each test
(ranging from 1.7% to 3.2%).
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Confirming the weight that the choice of the crisis dependent variable exerts on the
performances of the individuatarning indicators,Inflation and speciallyDepreciation lose

their relevance whieNet Open Positiorgains a stablend significantposition in the model
Nonetheless, no coefficient turns its sign from fa@sito negative ovice versa

For what may concern theecond stef the duration analysis, a similar pattern in the AUC
Average Duration relationships can be appreciated@riph 3 and Graph 4 The duration
based threshold variablkad to be adapted to the new dependent variable whie the
methodologydid not change.Still the spread between the two lines, representing respectively
the two diverse postrisis years treatments, keepn widening as much as the countries
included in te sample have a greater averagmsis length. This result further confirms the
existence of a relationship between crisis duration podtcrisis bias and thereforethe

quality of the EWS.

Graph 3. Crisis average duration analysis.
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Graph 4.Incremental postrisis bias.

Sampling by Posirisis Years Concentration (Laeven and Valencia)

0,79
No post-crisis treatment
0,77 T — .
Dropping post-crisis periods
©
2 0,75
©
S
= 0,73
0,71 \\
0,69
1 2 3 4 5 6 7 8
(32) (40) (45) (67) (70) (73) (76) (78)

Amount of postcrisis periods (Rof countries)

64



Table 13 and Table 14 report the results of the linear regressions on the average crisis

duration. The coefficients and all theistatistics therein confrm the relatghip between a

countryodés grade

of

we a l

t h wsualy subjetter] tot BEvenethe | e n ¢

quality of instituton confrms its relevance whie the concentration of the banking system and

the financial openness proxies lose their fgmice turning irrelevantin their place, a proxy

for financial liberalizatn stands out along with thexport concentration inde¢HHI) and the

count of currency crises CUrrencyQ. These two latest findings although empiricaly

supported by someuthors completely lose their relevance once tested separately from

income per capita whie the negative correlation reportedrdxy ent endure, conveyinga

thicker evidence.This outcome gives sae hint on the possible relationship between financial

liberalization and crisis duration, suggesting that the more the financial system is restricted

into a tight regulatory jacket the shorter it would be the recession in caddl-lbwn

banking crisis.

Table 13: Linear regression on average crisis duration (Laeven and Valencia).

Duration | GDPmean Latitude OECD Conc Beck Conc_Caprioc Conc 3 Conc A RCCount
Coefficient - -0.75 0.18 1.21 0.95 0.29 1.34 -0.024
- (-0.55) (0.22) (1.29) (0.85) (0.27) (1.007) (-0.19)
GDPmean | 0.000056*** 0.000064***  0.000050  0.000063*** 0.000067*** 0.000055*** 0.000060*** 0.00010
(3.08) (2.66) {1.60) (3.38) (3.55) (2.95) (2.97) (1.35)
Obs. 62 62 62 47 29 60 55 35
F-Statistic 9.50%** 4. 844 4.70%* 5.TGMH* 6.68%** 4.35%* 4.44%* 0.93
Duration |Gov _Quality frac_ent restrict rr bfree CurrencyC SovereignC ConflictC
Coefficient -0.58 -1.48% 0.043 0.0063 -0.43 0.066* 0.041 -0.024
(-1.13) (-1.99) (0.41) (0.22) (-1.59) (1.70) (1.32) (-1.09)
GDPmean | 0.000089** 0.000048*** 0.000072*** 0.000082*** 0.000070*** 0.000073*** 0.000075*** (0.000051***
(2.57) (2.76) (3.63) (3.08) (3.49) (3.38) (3.23) (2.74)
Obs. 48 46 33 22 A7 43 43 62
F-Statistic 5.65%** T.3gkw* T.34%%* 5.04%* 6.10%** 5.91%** 5.22%** 5.35%**
Duration | Qcluster KaoMean BCreditGDP HHI Foreign State Muslim Catholic
Coefficient -0.077 -0.15 -0.011 2.07* -0.013 -0.015 -0.0015 0.0030
(-0.32) (-0.65) (-1.24) (1.93) (-1.11) (-1.56) (-0.22) (0.55)
GDPmean | 0.000063*  0.000067** 0.000080*** 0.000068*** 0.000051*** 0.000050*** 0.000054*** (0.000055***
(1.93) (2.65) {2.99) (3.61) (2.85) (2.80) (2.89) (3.11)
Obs. 61 62 62 62 47 47 48 48
F-Statistic 4.49%* 4.91%* 5.56%%* G.83%H* 5.45%%* G.1TH** 4.90%* 5.06%*

t statistics in parentheses
*p <010, p <006, ™ p <0.0L
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Table 14: Variable characterized by high collinearity with income per capita.
{(Laeven and Valencia)

Latitude 1.67
(1.53)
OECD 1.25%*
(2.58)
Conc _Beck 0.20
(0.21)
Gov_Quality 0.56**
(2.04)
Qcluster 0.31%*
(2.24)
KaoMean 0.28
(1.60)
BCreditGDP 0.0087
(1.38)
_cons 3.22%F% 3 op¥ER g agEER 3 AgERE g gk g RQ¥Rk 3 | 7RkF
(11.10) (14.12) (4.63) (16.36) (7.47) (16.86)  (9.45)
Observations 62 62 a7 48 61 62 62

Besides chaging the dependent variable, Iveachecked whether the same trend in the AUC
based lnes could be achievdy randomly adding additional countries to the sample. To
verify this hypothesis instead of the average duration threshold as sampling vardiabsed

the id number buit on thec@wunt r y 6 s paiplsabetiel ayder In ander to heereate the
same conditions as in the duration exerclséave included all the zerorisis countries (base
group in the logit estimations) since the very first regressbyaph 5shows that, running this
exercise the same ever widening spread between the lines cannobdsevedanymore.This

result strengthenthe belief that simply adding crisis episodes to the sample is not a sufficient
condttion to improve the eficacy of the pposed postcrisis bias solution. Noteworthy the

model adopting the bias solution always outperforms the other.

Graph 5. Arandom sample test to confirm crisis duration influencdnemodepredictive power.
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5.3 Multinomial logit model

In order to switch from a binomial to a nweliiss framework the discrete dependent variable

had to adapt, from being a dummy to a categorical one. Once the change has taken place, it
alows for three possible outcome states: tranquil (no crisis) petipds 1t (where i stands

for the country and t for the ped of observation), first year of crisis, p, and following

years of crisis after the fir6l; ¢. As anticipated, this distinction should permit me to avoid

the distortion produced by those annual observations that, even though treatedqus tran
times, are undoubtedly infuenced by the economic distress triggered by the burst of the crisis.
This phenomengnso far calledpostcrisis biasor crisis duration biasand expected to stand

out particularly accentuated for systemic banking criseg tutheir longasting duration and
effect on a count r,ydssareas\c wldiyo emerged @uritige iprevionsme n t
binomial exercises The benefits generated by the multinomial modhbuld not be lmitedo

an improvement in the modgkedict power. In fact, by recycling the information carried by

the posicrisis observationthe modelshould provide access to a deepanderstanding of the
variables partial effects on the crisis probabiitflo our knowledge, this represents the very
frst atempt in banking crisis lterature of employing a mulinomial logt model on a
heterogeneous and extended country data sdEW®, with postcrisis biasrelated purposes.
Hardy and Pazarbbo al u ( 1 9 Sifiarly empldying momixgdhdata set, exploited the
incrementd flexibiity carried by the categorical dependent variable to distinguish between
pre-crisis and crisis years and between severe anblduwin episodes. Other previougorks,

as the ones already mentm, have focused on clusters exclusively composed by open
market econome (Bussiere and Fratzscher, 2D06 regiororiented (Caggiano et al., 2014).

The multnomial tests fit the same specifics of the first binomial regressiine crisis dating
procedire employed is the one provided by Rogoff and Reinhart (2009), already examined in
depth in the previous chapters, and the variables included as early earning indicators are the
ones listedin Table la Table 15reportsthe results of the multihnomial tests on the full data
sample. The first panel displays the resulting coefficients from comparing the probabiity of
entering in a crisist§; p) against the one of experiencitignquil times @ 1), our base
outcome. The coefiicientsf the variablesand their t-statistics apart from the case @redit-
to-GDP, almost fuly match with the outcome produced by the binomial model. No relevant
differences are highlighted as rigbles signiicance levels as wel as the extent of their
correlations, coincide with the results previously described. This outcome overlapping was
fairly expected as both dependent and independent variables employed to test the probabilty
of an oncomnig crisis did notchange along with the modelefinition. Furthermore, the
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simiarty among the parameters offers a preliminary check for the existence of the
Independence from Irrelevant AlternativgdlA) assumption. Also known asbinary
independencethis assumptiorholds just in case the odds of experiencing the crisis event with
respect of being in tranqui times does not depend on whether some other altasnative
present or absent. This condition is essential for the mulinomial model in order to be
unbiased and vald. With this matter, theecessaryevidence to verify whether this
assumption statistically holds arprovided by the HausmavicFadden test (1984and the
SUEbased $eemingly Unrelated Estimation) Hausman test. Based on the resultsedbigi
running these analysis amy multinomial model(which can be observed Appendix 3, |

can conclude that the null hypothesis of independent alternatve®tche rejected and,
therefore, confrm thathe IIA hypothesisholds For what may concerrhé novelties brought

in by the multnomial modelthe results for the postisis period ¢ ¢) are disclosed in

the second panel ofable 15 Here, the variablesontribution on the probabjiitof remaining

in a crisis state with respect of going back to a more tranqui period are reported. The peculiar
behavior of some variablesluring postcrisis years (see averagesTable 1h) works againin

favor of the postcrisis bias hypothesis, suggesting that these observations cannot be correctly
compared to tranquil periods. Looking more specifically at the results, a prolesgedmic
recessionis expected to further worsen the banking sector stability or at teasontrast its
recovery. Indeed, GDP growth is strongly statistically significant in alhé specifications of

the model.Inflation, whie turning its sign from positive to negative, loses mibstot all, its
statistical consistency signaling thatonce the crisis has already climbed or it is starting to
manifest (being the variable one year lagged) the macroeconomic environment does not hold
the main role it had as warning indicator in molding the future probabiity of the country to
keep on expening the crisis or leave this staks the case of the economic recessibie, t
same deteriorating effect should be provoked bgrawvingr at i o bet ween banks©o
banks 6 s whiehp wosks tasa proxy for the banking sectoiquidity position. The
displayed results confirm this belief with laquidity ratio significantand positively correlated

with the likelihood of enduring in the crisis statéven theM2-to-Reservesand theCredit-to-

GDP ratios maintain the same sigas in the first panel but thp-value of the secondone

soars wel above the 10% significance threshold, turnedit-to-GDP statistically
irrelevant. On the other hand, wulnerabiity from sudden capital outfow preserves its
incisiveness on the probalty of remaining under stressDepreciation shit towards a
positive correlation is supported by theory too. As the national current account benefits from
the precrisis domestic currency depreciation, a turnaround in this matter would mean a drop

in exports and a consequently wordmlance of payment outfiiln this matter, the impact
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exerted by the change in rate of exchange vanishes once the change in the terms of trade is
taken into considerationTerms of Tradevariable resulted highly statisticalkelevant in the

fith and more exhaustive specification (Table 15/8pparently absorbing the effect of an
exchange rate movemerh this context, an upward movement of the ratio between exports
and imports appear to be detrimental to the state of teosty increasing the likelihood of a
prolonged banking depressiorThe Net Open Positionvariable preserves its negative
coefficient suggesting that even after the burst of the crisis, a higherable foreign
currency mismatch between banking sectas®ts and liabiities can contribute to a faster
recovery, as the threat of domestic currency devaluation comes weaker. However, its t
statistic is stil too low to be able to discard the null hypothesis with a satisfying degree of

certainty.
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