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I ntroduction

One of the features of the sub-prime crigs, that began in August 2007, was its unexpected
nature. It came as a surprise not only to most financid market participants but dso in some
degree to the policy community. The latter is a paradox, Snce there has been extensive
research both in universties and in policy inditutions, notably since the Asian crisis of 1997,
into the causes and predictors of financid crises. Furthermore, centra banks and internationa
organisations such as the IMF have for some years been producing and developing
“macroprudential andyses’ and publishing their current findingsin “Fnandid Stability
Reviews’. The later are desgned specificdly to highlight current risks to financid stability

as seen by the authorities, and to recommend appropriate evasive action by financia
inditutions under their remit.

In this context, we seek to assess whether some of the early warning systems that have been
developed in the literature (but rarely applied to banking crises) could have helped the
prediction of the crisis. We specificaly use the logit and binomid tree gpproaches on the UK
and US economies, gpproaches that as described in Davis and Karim (2008) and Karim
(2008) have been successtul in predicting a mgority of banking crisesin emerging markets
and advanced countriesin 1970-2003. We also consder whether a smple indicator/checklist
approach asin Davis (1995, 1999, 2003) could have helped to warn about the crisis.

Thearticle in structured asfollows. In section 1 we look at the FSRs before the crisisfor the
mgor inditutions (Bank of England, IMF, ECB) to see to what extent the crisis was predicted.
In Section 2 we outline the early warning system methodol ogies. Section 3 shows the main
results, while Section 4 briefly considers the “check list gpproach” of indicators based on
history. Section 5 concludes.

1 Financial stability reviews and the sub-primecriss

Hindsght isdways beneficid and it is easy to criticise those undertaking the difficult task of
meacroprudential surveillance. Thisis not the aim of the current section. Rather, we seek to
assess the degree to which the crisis was foreseen only with aview to considering whether
successful early warning systems could have been a useful supplement to conventiond
macroprudentid survelllance. We examine predictionsin the FSRs of the IMF, ECB, Bank of
England and the BIS for the Spring of 2007 for indications of concern over an imminent
criss. We only focus on the main policy messages in the overview/executive summaries.

Inits Globa Financid Stability Report for April 2007, the IMF suggested there was a*“ strong
foundation for globa financid stability” but suggested that some market devel opments
“warranted attention”. They did see short-term risks from “possble spilloversfrom a
deterioration in credit qudity in the US subprime mortgage markets’, that could spread to
“dructured mortgage credit products’ but felt that “financid effects may aso be contained”.
Other risks seen were related to rises in corporate leverage due to buyouts, and rapidly risng
capitd inflows to emerging markets, but it was concluded thet “none of the individualy
identified risks by themselves threaten financid stability” dthough it was noted that “a
sugtained rise in voltility could perturb awide range of markets’, with a build-up of positions
that could result in adisorderly correction when conditions change.

In the ECB Financid Stability Review for June 2007 it was suggested that minor turmoail in
March and April 2007 “reaffirm concerns about pre-existing vulnerahilities’. They noted
evidence of direct exposures of some European ingdtitutions to the US sub prime market and
the more generd possibility thet the “criss’ in the US sub prime mortgage market could



deepen and spread to other markets’. Growth in credit risk transfer (CRT) indruments were
seen as partly underlying an increase in liquidity, but the risk was noted thet liquidity may

hide a“dippage in risk assessment sandards’, and that history shows that “liquidity can
vanish abruptly from financid markets when investor uncertainty and risk aversion risg’.
Concerns were also expressed over leverage in the Euro area corporate and household sectors,
athough banks solvency was seen to be comfortable relative to regulatory requirements.
Overdl, they concluded that the most likely prospect is that “financid system stability will be
maintained in the period ahead” with the likdihood of significant chalenges “not high at
present”. However, “the vulnerability of the financiad system to an abrupt and unexpected loss
of market liquidity appeared to be increasing”, and concerns were raised about the effect on
buyers of structured products “if the CRT market were to be subjected to severe stress,
possibly triggered by an adverse turn in the credit cycle’.

The Bank of England in its Financid Stability Report for April 2007, while assarting that the
“UK finandid sysem remains highly reslient” noted that macroeconomic stability and
competition in the financia sector have “encouraged a further increase in risk taking”, which
had in turn led to a further development in credit risk transfer markets. The experience of the
sub- prime market was seen asilludrative of risks if a*more sgnificant market such as
corporate credit” were to deteriorate. Risks were of weakened credit risk assessmert, impaired
risk monitoring and impaired market liquidity leading to “warehousing risk” asinditutions
piled up loans they were unable to securitise. These were held to compound pre-exigting risks
arisgng from high asset prices and vulnerabilitiesin risk premia, corporate debt and market
infrastructure, as well as complacency by LCFls over low volatility. Therewas seento bea
risk of unwinding of low risk premia, triggering a pickup in corporate defaults, an unwinding

of leveraged positions in corporate credit markets and consequently lower market liquidity
and further falsin asset prices.

Inits Annua Report for 2006-7 released in June 2007 (technically not an FSR, but covering
financia stability concerns as part of its remit), the BIS noted that an “ever increasing number
of economic and financid variables have been observed to deviate sgnificantly from what
might be deemed traditional norms’ which might not be sustainable. They highlighted thet the
world seems * awash with liquidity” with mortgage credit available on unprecedented terms.
Low risk free rates and intense competition were seen as underlying a high appetite for risk,
but aso the misperception of risk dueto lack of due diligence in the originate and distribute
mode — related in turnto principa agent problems. Concerns were expressed about
“irrationa exuberance’ and risk of overpricing assats, that might turn to undershooting of
prices, if liquidity dries up and correlations of asset prices rise as has been seen “ many times
inthe past”. Such a pattern could giverise to risks for banks (warehousing risk) but aso to
holders of CRT instruments, especidly hedge funds. More generaly the BIS argued that there
were sgns of afundamenta change in the credit cycle— as took place shortly afterwards.
They concluded that “atall event affecting the globa economy might a some point have
much higher cogts than is commonly supposed”. Furthermore, they discussed issues that
would arisein that case, induding the possibility that policymakers would need to restructure
the banking system and close failing banks, not merdly infuse liquidity. Excessive debt and
investment needs to be diminated and not alowed to be a drag on the economy asin Japanin
the 1990s.

It is clear that the authorities did foresee anumber of features of the crigs, but not the extent

of the crigs. Furthermore, in their headline sections, it is notable that none of the reports
highlighted the conduits and specid investment vehicles (SIVs) that were a key feature of the
criss. None foresaw the collapse of the interbank market or the overall magnitude of the



effects from the sub-prime criss done. None consdered possible links from financia
ingability to the real economy that are being seen now.

We now go on to consder whether satistical early warning systems could have supplemented
qualitative analyses. However, we note in advance that the US subprime episode, associated
with interbank liquidity risk, is a dassc example of the distinctiveness of crisis episodes,

each event is context dependent and driven by the non+linear interactions between a particular
st of variables. Although some of these variables may be common to other crises, the
particular thresholds a which they interact may differ and consequently the types and
magnitudes of risks they generate will vary. Hence, early warning sysems were unlikely even
ex ante to predict any crigsin dl itsfeatures. All they can do isto highlight incressed
vulnerability of the system.

2 Early warning syssems - Binary Recursive Treesand Logit M odels

To examine the extent to which the US subprime crisis was predicted by ex ante
macroeconomic and financid data, we utilise two different early warning system gpproaches.
Oneisthe “traditional” multivariate logit method and the other is the binary recursive tree
(BRT) technique. The latter gpproach is anew tool for banking crisis prediction, which has
previoudy been gpplied to systemic banking crises only by Duttagupta and Cashin (2008).

Once abasdine modd is constructed, data prior to the actua crisis event can be used to
generate a predicted banking crisis probability; if the crisis has not aready materiaised, this
generates a pure prediction otherwise, asin the case of our experiment, the probability serves
to demonstrate the difference between the ex-ante criss probability and the ex-post crisis
probability vaue of one.

The logit approach isidedly suited to predicting a binary outcome (1 = banking criss, 0=no
banking crisis) usng multiple explanatory variables selected on the basis of their theoretica

or observed associations with banking crises. One advantage of the logit gpproach isthe fact
that it has been “tried and tested” in the banking crisis literature (see Demirguc-Kunt and
Detragiache (1998 and 2000) and Davis and Karim (2008)) hence it is possible to compare the
importance of different indicatorsin severa sudies. Thelogigtic approach is dso parametric,
generding confidence intervas attached to coefficient vaues and their sgnificance. On the
other hand the logit coefficients are not intuitive to interpret (see below) and they do not
reflect the threshold effects that may be smultaneoudy exerted by other varigbles.
Nevertheless, we contend that criss predictions generated by logit models are able to
ggnificantly improve the policy maker's arsend againgt banking crises, assuming

intervention againg crisesisinformed on the basis of correct logit Sgnds, taxpayers funds are
lesslikely to be wasted than if no intervention had occurred because the bailout costs
associated with nonaverted crises are likely to be higher than intervention costs (see Karim,
20087).

We propose the BRT technique as an dternative because of its ability to detect interactions
between multiple explanatory variables. Moreover, thistechnique is able to discover nor+
linear variable interactions, making it especidly gpplicable to large banking crises datasets
where many cross-sections are necessary to generate enough banking criss observations and
numerous factors determine the occurrence of systemic failure.

An important festure of this nonparametric technique is that no specific Satidtical
distribution needs be imposed on the explanatory variables (Katz, 2006). It is aso not
necessary to assume dl variables follow identica distributions or that each variable adopts the



same distribution across cross-sections. Clearly, thisis an advantage when analysing banking
Crises since we cannot assume macro variables (such as red interest rates) and inditutional
variables (such as deposit insurance) follow identical distributions across time or across
countries. Although logistic regression does not require variables to follow any specific
digribution, in Davis and Karim (2008) it was shown that standardising variables displaying
heterogeneity across countries improved the predictive performance of logit models.

Logigtic regressions are dso sengitive to outlier effects (Congdon, 2003), yet it is precisdy the
non-linear threshold effects exerted by some variables that could generate anomalous vaues
in the data. In low risk, stable regimes, variables may conform to a particular distribution
which subsequently jumps to aregime of financid ingtability. Non-parametric BRTs should
handle such data patterns better than logistic regressions.

Finaly, the BRT is extremely intuitive to interpret. The modd output is represented as atree
which is successvely solit at the threshold values of variables that are deemed as important
contributors to banking crises. The multivariate logit and BRT methodologies are described in
more detail below.

2.1  TheMultivariate Logit Approach

Demirguc-Kunt and Detragiache (1998) used the multivariate logit technique to relate the
probabilities of systemic banking crises to a vector of explanatory variables. The banking

crigs dependent variable is represented by a binary banking crisis dummy which is defined in
terms of observable stressesto a countries banking system, e.g. ratio of non-performing loans
to total banking system assets exceeds 10%°. Demirguc-Kunt and Detragiache (2005) updated
the banking crises ligt to include more years. We continue to utilise this version of the

banking crigs dummy and henceforth refer to it as DDO5.

Thelogigtic cumuletive digtribution relates the probability that the dummy takes a vaue of
oneto thelogit of the vector of n explanatory variables:

eb 'Xit
Prob(Y,, :1):F(bxit):m €y

where Y is the banking crigs dummy for country i a timet, 3 is the vector of coefficients,
Xit is the vector of explanatory variables and F(3 X;;) is the cumuldive logigtic digtribution.
Thelog likelihood function which is used to obtain actual parameter estimatesis given by:

Log, L =4 & (109, F(o'x,))+ - ¥, )iag, - Fbrx, )] @

t=1

Although the dgn on the coefficients are easly interpreted as representing an increasing or
decreasing effect on criss probability, the values are not as intuitive to interpret. Equation (2)
shows the coefficients on Xj; are not condant margind effects of the varidble on banking
crids probability dnce the vaiadles effect is conditiond on the vadues of dl other

2 Thisis distinct from normal variation in the data which derives from the probability distributions of the
explanatory variables and is required to explain the dependent variable.

3 Their actual criteria are: the proportion of non-performing loans to total banking system assets exceeded 10%,
or the public bailout cost exceeded 2% of GDP, or systemic crisis caused large scale bank nationalisation, or
extensive bank runs were visible and if not, emergency government intervention was visible.
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explanatory varigbles a time t. Rather, the coefficient [ represents the effect of X; when dl
other variables are hdd a ther sample mean vaues. This makes the detection of nontlinear
varigble interactions difficult, unlike the BRT technique which we outline below.

2.2  TheBinary Recursive Tree Approach

The daidicd component of this study uses a proprietary software package known as
“CART"* to congruct the BRT. We give a brief outline of the methodology here; a fuller
explanation can be found in Bremen a d (1984) and Steinberg and Colla (1995) and
economic agpplications can be found in Duttagupta and Cashin (2008) who examined banking
crises, Manase et d (2003) who examined sovereign debt crises and Ghosh and Ghosh
(2002) who examined currency crises.

The BRT process analyses a sample of data to reved the particular vaue of the explanatory
variable that best explains the dependent variable. Hypotheticdly, it could be established that
the level of rea GDP growth best digtinguishes between criss and non-crisis episodes across
the entire sample. CART would then search for the exact threshold level of GDP growth that
separaes crises from tranquil periods. Assuming this “splitting value’ is 4%, al data will be
Flit into two child nodes with observations associated with GDP growth <= 4% in the left
child node and remaining observations associated with GDP growth > 4% in the right child
node. If low GDP growth were detrimenta to banking stability, we would expect the left child
node to be concentrated with banking criss observations reative to the right node; the CART
dgorithm will seaerch through dl possble splitting vaues of dl explanatory varigbles to find
the best discriminator between crises and non-crises across the entire sample. Once this
“primary splitter” has been obtained, CART will apply the same procedure to further split the
obsarvations located in the two child nodes and in doing so will generate the BRT. This is
schemdticaly represented in figure 1 where the primary splitter is X1 and the corresponding
threshold value is V1 . Subsequent splitter varisbles (and their threshold vaues) are given by
X2 (V2) and X3 (V3); these values are used to partition the 72 crises in the sample,

Figure 1. Schematic Entire Sample: 72
Diagram of Binary crises
Recursive Tree (BRT)
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The choice between two potentid splitters is made on the basis of their comparative abilities
to increase node purity, i.e. to concentrate the node further with one type of observation. The

changein impurity (DI) that arises from splitting (S) the data at anode (t) is defined as.

Di(st)=i(t)- Ri(t)- Priltr) 3

where i(t), i(t,) and i(tg) are the impurities associated with each existing node and the Ieft
and right child nodes respectively and P. and Pr ae the probabilities of sending an
observetion in the left and right nodes respectively. To quantify the degree of impurity, we
use a criterion cdled the Gini messure, which is applicable to binary dependent variables
(Steinberg and Golovnya, 2007). The Gini measureis given by:

it)=a; j clili)eipe (i) ()

where C(i | j) is the cost of misdlassfying a non-criss event given tha it is a criss event,
p(j|t) is the conditiona probability that an observation takes class j given tha it lies in node
tand p(i|t) is the conditiona probability that an observation takes dass i given that it lies in

node t (where j = criss and i = no criss). We next describe the data sample we use to estimate
the logit and BRT models.

3 Applying the modelsto the USin the 2000s
3.1  TheData Sample

Our sample consigs of 105 countries covering the years 1979-2003. According to their
association with banking crises and as highlighted in previous dudies we sdect 12
explanatory variables (see Davis and Karim, 2008). These 12 variables are macroeconomic,
finandd and ingtitutional® and are listed in Box 1. The DD05 banking crisis dummy yields 72
systemic banking criss® episodes across the entire sample of which 7 are in advanced
(OECD) countries’ and 65 in emerging markets

Box 1. List of Variables (with variable key)

1. Real GDP Growth (%) (GDP)

2. Changein Termsof Trade (%) (TOT)

Macroeconomic 3. Nomina Depreciation (%) (DEP)
Variadles 4. Red Interest Rate (%) (RIR)

5. Inflation (%) (INF)

6. Fiscd Surplus GDP (%) (BB)

Financid Variaoles 7. M2/ Foreign Exchange Reserves (%) (M2RES)
8. Credit to Private Sector/ GDP (%) (CREDGDP)
9. Bank Liquid Reserves Totd Bank Assets (%) (RES2ASS)

° All datais obtained from the IMF International Financial Statistics Database or the World Bank Development
Indicator set. See Demirguc-Kunt and Detragiache (1998) for a detailed sourcing of data.

® This excludes the two out-of-sample banking crises which are tested later in this study.

" Finland (1991), Italy (1990), Japan (1992), Norway (1987), Portugal (1986), Sweden (1990) and USA (1980).



10. Red Domestic Credit Growth (%) (DCG)

11. Redl GDP per Capita (GDPCAP)

Indtitutiond Variables 12. Deposit Insurance (binay dummy) (DI)

The data are partitioned into a 1979-1999 sample which is used aong with the DD05 banking
crigs dummy to congtruct two basdline models: a logit mode (caled second tier logit (1)) and
a BRT modd (caled second tier tree (2)). These basdline models are then applied to out d
sample data for the years 2000 — 2007 for the USA to see if the sub-prime episode was

detectable in advance. As a comparison, we aso apply the two models to out of sample data
for the UK (2000 — 2007).

3.2 Results Basdline Tree
Box 2 gives the results for the second tier logit (1) modd whilst Figure 2 shows the second

tier tree (2) incuding the splitting varidbles, their corresponding threshold vadues and the
partitioning of crigs and non-crisis observations in each node.

D& D (2005) crisis dummy
. . . ) 1979—1999)
Box 2: Second Tier Logit (1): Davis and Karim (2008) { i st
Logit Specification Based on 1979-1999 Su ole 105 countn&s,. 68 crisis occurrences (1
bsam crisisyear only)
p-valuesin brackets
Real GDP Growh (t) -00950
(0.0054)
Changein Terms of Trade (t) (2(()) 3(5330)
Depreciation (t) (89504)
Real Interest Rate (t) (g gz?zog
Inflation (t) {g 6319)
Real GDP per Capita (t) (()6032889)
_ -0.0377
Fiscal Balance/ GDP (t) (0_275§)
_ 0.0006
M2/ International Reserves (t) (0.0897)
) _ -0.0007
Private Credit/ GDP (t) (0.4866)
_ -0.0002
Credit Growth (t-2) (0.7918)
_ 0.2173
Deposit Insurance (t) (0.5256)
Wald Test Statistic 335.97
(0.0000)
AlC 0.3375
Observations 1039
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The results of logit specifications have been discussed extensively in Davis and Karim
(2008); auffice to note that only a subset of the Demirguc-Kunt and Detragiache
(2005) coefficients are ggnificant determinants of banking crises in our re-esimate.
These are real GDP growth, terms of trade, red GDP per capita and M2/reserves.
Nether private credit/GDP, credit growth nor a depost insurance dummy are
gonificant. We now discuss in more detall the second tier tree (2) before applying
both models to out-of-sample data for the USA.

Across the entire sample, the tree sdlects red domedtic credit growth as the main
discriminator between crisis and non-criss events, countries where credit contracts by
more than 4 % are over twice as likdy to experience banking criss than countries
where credit contraction is less severe or where credit growth occurs. For the latter
class of countries red interest rates are the next most important splitter variable;
interest rates in excess of 14% are associated with higher criss likelihood and this is
worsened if GDP per capita (which may be corrdated with banking sector
innovations) exceeds $806.

If countries red interest rates are below 14%, the additiona impact of currency
depreciation in excess of 39% subgtantialy increases criss probability (from 1.7% to
10.1%). In combination with lower (<14%) red interest rates, currency depreciation
of less than 39% reduces crisis probability to 1.2% but this is offset by an inflation
rae higher than 6.7%. This probability is worsened substantidly if the currency
appreciates by more than 6.5%; in this case the probability of banking crises rises to
8% (termina node 5). We next gpply this tree modd and the logit regresson to out-
of-sample data for the USA.

34  Reaults Predictingthe US Sub Prime Crisis

Box 3: Prediicted Probatiilities (%) of Banking Crisisin the US

Second Tier Logit Second Tier Tree
N ()
2000 1.462 0.596
2001 1.920 0.596
2002 1.480 0.596
2003 14l7 0.596
2004 1078 0.596
2005 1.236 0.596
2006 1.278 0.596
2007 0.985 0.596
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Graph 1: Predicted Probailities of Banking Crisisin USA (2000 - 2007)
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Box 3 and the corresponding Graph 1 show the predicted crisis probabilities generated
by the two models. The BRT approach yields a low crigs probability (0.6%) which
does not change in the run up to the sub-prime episode; the placement of al the US
observations into a common node results in a congtant criss probability (see section
2.2). The BRT dgorithm chose to place every observation in node 3 indicaing the
following dynamics low credit contraction (or pogtive credit growth) combined with
rea interest rates below 14%. The other pathways in the second tier tree (2) were
therefore not gpplicable in the US case.

By congruction we dlowed the sub-prime crigs to sart in 2007, so that this is the
only year when the DD05 dummy tekes a vaue of 1. On this basis the out-of-sample
probability of crisis = 12.5%° o that the BRT was correctly able to classify 87.5% of
observations, assuming that a criss probability of 0.6% is interpreted to mean no
crigs will occur. This implies that within the category of criss dassfication, the BRT
was 100% unsuccessful since the ex-ante criss probability of 0.6% fails to match the
ex-post probability of 1. Within the category of non-criss classfication, the BRT
model scored 100% success, the modd’s overal ability to correctly classfy the out-
of-sample data was therefore 87.5%.

The second tier logit modd (1) actudly predicts the highest chance of banking criss
in 2001 at dmost 2% (linked to the peak of the equity bubble and the start of the bear
market). The predicted probabilities decline until 2004 (1.08%) but interestingly begin
to rise after this with another peak probability occurring in 2006 (1.28%). However,
the logit mode then predicts the lowest crisis probability in 2007 (0.99%). Given the
falure to identify the gtat of crigs in 2007 and the over identification of crigs
episode during the previous years, the logit gpproach dightly underperforms relative

8 For observations for 2000-2007, a banking crisisin one year yields an in sample crisis probability of
1/8=125%.
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to the BRT approach, dthough if the policy maker interprets the 2000-2006
probabilities to mean tha no crigs will occur, the logit mode has exactly the same
overdl performance asthe BRT.

Interestingly, in-sample, the second tier tree (2) shows a heightened crigs probability
for the USA during the years 1986 — 1989 and 1990 — 1992 broadly in line with the
Savings and Loas episode and the “Credit Crunch” (abet only sgndling an 8%
chance of a crigs). In contrast, the second tier logit (1) modd fails to dgnd potentia
crises during the same years, the generated probabilities are not dgnificantly different
from zero. Gragph 2 shows the in-sample crisis probabilities generated by the second
tier tree (2).

Graph 2: In Sample (1979 - 1999) Crisis Probabilities
for the US Generated by the Second Tier Tree(2)
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The failure of this second tier tree (2) to detect the sub-prime criss underlines the fact
that it was a unique episode which was not contained in the information carried by ex-
ante macroeconomic indicators. To further illugtrate this point, we show the out-of-
sample (2000 — 2007) predicted crisis probabilities for the UK in Box 4; agan the
second tier tree (2) evduates the probability of banking criss as under 1% and
unchanging in the run up to the criss event®. The information contained in the
macroeconomic data foretels no maor aberrant behaviour in the fundamentds and
consequently the tree places dl UK observations in one node associated with a low
crigs probability. On the other hand, the second tier logit (1) mode is able to detect
an increase in crigs probability during the years 2000 — 2005 dthough the probability
declines during 2006 and 2007.

® Aswith the US, we set the start date of the UK banking crisisin 2007.
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For further information, we provide compaative out-of-sample banking crigs
predictions for 5 OECD countries in the Appendix (Graph A.1) which are based on
the two modd specifications we use in this sudy adongsde two additiond logit and
tree specifications detailed in Karim (2008°). For the mgjority of countries, there is no
gopreciable increase in crigs probabilities in the two years preceding the sub prime
episode; in some cases there are actual decreases in probabilities.,

Box 4. Predicted Probabilities (%) of Banking Crisgsin the UK

Second Tier Logit Second Tier Tree
1) &)
2000 5.04 0.60
2001 6.41 0.60
2002 6.88 0.60
2003 7.57 0.60
2004 5.37 0.60
2005 5.91 0.60
2006 3.23 0.60
2007 3.35 0.60

Although the results show the sub-prime crigs was not clearly identifigble by the logit
and BRT models we use, we contend that this does not make the models redundant;
they should be assessed in the light of the following points. Firdly, in Davis and
Kaim (2008) we highlighted the posshility of type Il erors being generated by the
logit early warning sysem due to criss over prediction (whereby the modd classfies
non-crigs obsarvations as crigs observations). Unlike equation (4), the maximum
likelihood function (equation 2) does not contain any c(i|j) term (which is the cost
of misdassfying noncrises events as crises) and so the logit modd does not
explicitly pendise such misdlassifications'®.

Secondly, the explanatory variables we use are broad in the sense that subtle risks
associated with banking ingtability may not be detected (see graph 3). For example, if
there is no mgor hift in monetay policy, credit growmth or the ovedl
macroeconomic environment, the early waning sysem may be unable to detect
banking vulnerabilities. Our underlying logit modd is a globd modd which relies on
readily avalable macro data for developed and developing countries; and as shown in
the Appendix most crises were in developing countries, where crises may have a
different pattern to OECD countries. However it would be possble to congtruct a
regiond modd for advanced countries usng both techniques that would enable more

10 General goodness-of-fit tests are available to compare the fitted probabilities of crisesto actual crises
probabilities; they do not discriminate between types of misclassification (crises versus non-crises). For
apolicy maker who has an aversion to unnecessary intervention against banking crisis, the cost of a
false alarm may be high but she would have to manually control for this by setting a high cut-off
probability threshold (see Karim, 2008°).
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bank specific data as inputs, such as credit default swap rates for mgjor OECD banks
or LIBOR rates. This may improve the detection of banking sector risks typicd of
advanced countries and make episodes such as the US sub-prime criss better
detectable. Possbly a more serious problem is that the sub prime was one of the first
globd crises, making it hard to capture by regressions focused on crises in individua
countries. At leadt, further research could include cross country as wel as within-
country varigbles.

Graph 3: Behaviour of US Variables (2000 - 2007) Used as Tree Splitters
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Third, the modds highlight variables that are worthy of interest by the authorities

even in quditative macroprudentid survelllance, while the BRT modd isrichin
detecting patterns that may precede crises. For example, athough the actua mode did
not give aforma detection for 2007, it did highlight how low red interest rates plus
currency depreciation can worsen crisis probabilities, as did in due course occur in the
United States (see Graph 3).

Findly, the logit and BRT gpproaches are complementary. Applying both models to
the same data yidds different ingghts into banking crises: the logit model is able to
generate confidence intervals for variables that are sgnificant contributors to crises
and can be used to compute the margind changesto criss likdihood when only one
variableisvaried whilst the BRT gpproach is better able to map the evolution of
crises conditiona on the co-movements of multiple variables.

4 A checklist approach - generic features of financial ingtability and the
sub-primecriss

Drawing on theory and experience, Davis (1995, 1999, 2003) identifies certan
common features to dl types of crigs, which ae hdpful in anticipating criss events.
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Indeed, he argues that examination of the features of diverse financid crises, suggests
that there are common generic patternsin advance of crises. Key aspects are:

Regime shifts fird to laxity (such as deregulation) which provokes a credit
cycle, later to rigour (e.g. monetary tightening) thet triggersacrisis,

Easng of entry conditions to financid makets, leading to heightened
competition and risk taking;

Debt accumulation and asset price booms, generating vulnerable baance
sheetsin the financid and non financid sectors;

Innovation in financid markets, which increases uncertainty during the criss,
and

Risk concentration and lower cepitd adequacy for banks, which reduces
robustness to shocks.

He saw these as providing the most basic dataset of indicators common to crises',
acknowledgng that many of these features have occurred separately without entaling
a crigs, and indeed are part of the norma functioning of a market economy. It is ther
combination and acuteness (i.e. the degree of deviation from norms) tha is crucid to
the occurrence of financid ingability. And many of them ae encgpsulaed in
financid soundness or macroprudentid indicators.

As regards regime shifts to laxity, the monetary policy stance of most countries was
relaxed from 2001 onwards, as policy sought to stimulate growth in the wake of the
equity bear market in the absence of sgnificant inflationary pressures. Underlying this
was the additiond regime shift of globdisation and the growth of Ching, the low price
of whose goods helped to keep inflation low. In terms of risk of a regime shift to
rigour, monetary tightening was indeed on the cards in 2007 owing to shrinking
output gaps and higher energy prices, dthough it is harder to suggest that this festure
actudly triggered the crisis.

There was cdealy an easng of entry conditions to financid markets, leading to
heightened competition and risk teking. Easy financing of hedge funds is one
example, another is the growth of SIVs and conduits to hold securitised assets, an
innovation that fecilitated entry. Furthermore, origination of lending to US sub prime
househol ds was often by non banks not previoudy active in that market.

Debt accumulation and asset price booms, generating vulnerable baance sheets in the
financid and nonfinancid sectors; rises in debt of both the corporate and household
sectors in the US and much of Europe took place over the mid 2000s, with prices of
equties and red edae risng dongsde. These were, as noted, potentialy
unsustainable and the more recent fdl in assat prices combined with high debt has led
to weak balance sheets and widespread defaults and insolvency.

Innovation in financda markets, which increases uncertainty during the criss was a
key aspect of the sub prime crigs. All financid innovetions give rise to a risk of
financid indability, because their behaviour in a period of turbulence is unknown.
The innovation of dructured products was by its nature likely to generate such
uncertainty in extreme form given the opacity and difficulty of pricing the insruments

1 seealso Demirguc Kunt and Detragiache (1998aand b) and Kaminsky (1999).
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even in good times, degpite which they benefited from a liquidity premium as
securities, while investors were agpparently  unconcerned with the principd agent
problems which are fundamentd to that innovation.

Risk concentration and lower capital adequacy for banks, which reduces robustness to
shocks is the find indicator. Banks risk adjusted capita ratios seemed sound n 2007,
but the conduits and SIVs generated hidden difficulties for banks, as did warehousing
risk with fallure to digoose of loans by securitisation in a manner expected.

We contend that such a checklist would have been usefully gpplied to the sub prime
crigs, cgpturing in paticular an a priori suspicion of financid innovation as wel as
the new entry implicit in securitisation and sub prime lending. However, a weskness
is that these factors had for the most part also been present for 2005 and 2006 aso.
The gpproach highlights vulnerability but needs supplementing in respect of possble
triggers of acrigs by early warning models and detailed macroprudentid anayss.

Conclusion

We have shown that the US sub-prime criss was only partly foreseen by the policy
community; athough dl had important indghts perhaps the BIS had the most
forward looking andysis of events and possble policy responses, reflecting its longer
term concern over the build-up of debt, risks in structured products and risng asset
prices. Even they faled to see some of the consequences of the criss, notably the
seizing up of interbank markets. Among globd early warning sysems for the US and
UK the logit peformed best but was Hill only margindly able to hep predict the
crigs (athough the BRT mode had a higher average criss prediction score). These
results to some extent show that the sub prime criss had specific features that were
not typicd of the average banking criss in both advanced and emerging economies.
However, we contend that rather than rgecting such models, the results how they
should be better adapted for the specific features of advanced countries, that may aso
include aspects of securities market ingtability. That would be a step towards making
them a usgful supplement for macroprudentid andyss. Equdly, we mantan tha a
generic features checklist would aso be useful complement for such analysis.
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Graph A.1l: OECD Cridss Predictions by Logit and Tree Modds. 2004 — 2006
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Table A.1: Banking Crisis Dates and Countries (Sour ce Demirgiic Kunt and

Detragiache 2005)

Algeria 1990-92 Madagascar 1988-1991
1980-82
1989-90
1995 1985-1988
Argentina 2001-2003 Mdaysa 1997-2001
Burundi 1994-1997 Madli 1987-1989
1986-1988
1994-1997" 1982
Bdlivia 2001-2002° Mexico 1994-1997
1990
Brazil 1994-99 Nepal 1988-1991"
1987-1993
Cameroon 1995-1998 Niger 1983-1986
Chile 1981-1987 Nigeria 1991-1995
Congo (Rep of) 1992-2002 Norway 1987-1993
1982-1995
Colombia 1999-2000 PNG 1989-1992"
CostaRica 1994-1997 Paraguay 1995-1999
Ecuador 1995-2002 Peru 1983-1990
1981-1987
El Savador 1989 Philippines 1998-2002
Finland 1991-194 Portugal 1986-1989
1982-1989
Ghana 1997-2002° Senegal 1983-1988
Guinea Bissau 1994-1997 South Africa 1985
Guyana 1993-1995 Sii Lanka 1989-1993
1992-1995
Indonesia 1997-2002" Sweden 1990-1993
Israel 1983-1984 Swaziland 1995
Ity 1990-1995 Tanzania 1988-1991
1983-1997
Jamaica 1996-2000 Thailand 1997-2002
1982
1991
1994
Japan 1992-2002 Turkey 2000-2002
Jordan 1989-1990 Uganda 1994-1997
Kenya 1993-1995 USA 1980-1992
1981-1985
Korea 1997-2002 Uruguay 2002
Lebanon 1988-1990 Venezuda 1993-1997




