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Early Warning Models: Introduction

 Motivation: Predicting the likelihood of a crisis
e Started in the 1950s with qualitative discussion or country comparisons

e Intensified in the 1990s as response to emerging market crises,
focusing mostly on developing countries

 Two main approaches: Probit/logit regressions and threshold models

e Models widely used in practice (e.g. Scoreboard of the EU‘s MIP, IMF
exercises for emerging and advanced economies)



Early Warning Models: Introduction

1. Probit/logit regressions

e Developed by Frankel and Rose (1996) to predict currency
crises

e Crisis dummy variable (endogeneous) regressed on a set of
exogeneous variables

e Aim to test the statistical significance of various indicators in
determining the incidence or probability of a crisis

e Cross-country sample



Early Warning Models: Introduction

2. Threshold approach:

e Developed by Kaminsky et al. (1998)

e Some variables alter their behaviour in the run-up to a crisis

e Calculate thresholds for useful variables

e When a certain value exceeds the threshold, a warning signal is issued
e Advantages over the probit/logit approach:

e Suited for data with large missing data points

e Interactions between variables are not excluded as in the ceteris paribus
assumption of regressions

e No multicollinearity issues

e Robust to “over-fitting”



Other Approaches

e Binary classification trees (e.g. Ghosh and Ghosh, 2003)
e Markov switching models (e.g. Abiad, 2003)
e Beyesian model averaging (e.g. Crespo Cuaresma and Slacik, 2009)

e Metastudies

e Most recent: Frankel and Saravelos (2012)

e Top indicators for predicting the 2008/2009 crisis: level of international
reserves, real exchange rate overvaluation



Limitations of early warning models

e Data availability: annual vs. higher-frequency indicators; data may
come too late

e Easier to explain (in-sample) than to predict (out-of-sample)

e |nstitutional and political issues cannot be incorporated in the
models

e Danger of self-fulfilling prophecy



Model

I R
Signal issued A B

No signal issued C D

Number of crises A+C -

Number of noncrises - B+D

e Two correct predictions: A, D
e Two types of errors: false alarm (B), crisis missed (C)

— Our goal is error minimization



Model

e Threshold is chosen by:

C(d)
A(8)+C(8)

+(1-96)

B(8) )

msln (6 B(5)+D(6)

e O individual threshold value for each indicator k

e @ error trade-off parameter

e Defines loss function for policy maker (trade-off between errors)

» Either fixed or varying across sample

e Our model: fixed at ¥4 = missing crises is more costly than false alarms



Data

e Global dataset on 93 emerging market economies, incl. 23 CESEE
countries

e Annual data from 1995 to 2012

e 48 variables as potential indicators from the following categories:
e External sector (18)
e Macroeconomic and fiscal performance (21)

e Banking / financial sector (9)

e Exclude observations of ongoing crisis years and of immediate post-crisis
period

e C(Crises periods lagged by one year



Types of Crises

Traditional focus of early warning models on currency crises

e Since 2008 enhanced interest in financial and debt crises

Both discrete (binary) and continuous crisis measures used

We use the crisis definition and dataset of Laeven and Valencia (2008, 2012):

e Currency crises: depreciation vis-a-vis USS > 30% and depreciation t vs. t-1 >
10%

e Sovereign debt crises: based on qualitative and quantitative information by IMF,
World Bank, other sources

e Banking crises: only systemic banking crises (significant distress in banking
system and at least three significant banking policy intervention measures)

e Crisis events make 3.8% of observations (1,581) in the sample

* No special treatment for twin and triple crises due to lack of data



Types of Crises

Crises outbreaks since 1996

Number of outbreaks
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Source: Own illustration, based on Laeven and Valenda (2012).




Selection of Indicators

e How to evaluate the quality of the thresholds 0 ?

e Goodness-of-fit:

1 C B
g=1-3+ (A+C+B+D)’g € [01]
e Criterion: Goodness-of-fit > 40%; > 3 indicators from each category

e From 48 indicators 16 indicators are used to build composite
indicator

e The best indicators: Total reserves in months of imports, 3-years-
average of credit growth, money growth

e The worst indicators: Gross public debt in % of GDP, NPLs in % of
total loans, contribution of exports to GDP growth



Leading Indicators for Crisis Prediction

External sector Banking / financial sector

e Current account balance e Risk premium on lendingin ¢ Lending interest rate in %
e Basic balance %points e Excess credit growth
e Short-term external debt * Money growth (M2) in % (domestic credit times 3-
in % of total external debt ¢ Inflation, 3-years-average years-av. credit growth)
e REER change in % e Deviation from real GDP * Capital-to-assets ratio
 Total reserves in months of trend growth in %points
imports e Structural balance in % of
e Exchange market pressure GDP
(Ain ER and reserves)
e Total debt service in % of
exports
e External debt in exports
33% 33% 33%

Vulnerability indicator



3. Evaluation — Insample Performance

Signal issued 72.83 30.63
No signal issued 27.16 69.37
More weight to external risk | Crisis

subcategory

Signal issued 77.78 33.27
No signal issued 22.22 66.73

Less weight to banking Crisis
subcategory

Signal issued 70.37 32.33

No signal issued 29.63 67.67



Current Vulnerabilities in CESEE

' Vulnerability scale ‘

B Low

[ Moderate

M Critical

Source: Own calculation, based on 2013/2014 data



Current Vulnerabilities in CESEE

Belarus

 Vulnerable in all sectors

* Experienced currency crises in 2009 and 2011

e But: slight improvement compared to March 2014

Turkey
e Vulnerable in all sectors

e Strong credit growth and inflation

e Additionally pronounced current account deficit, high short term external debt
compared to total external debt and large debt service

* No major vulnerabilities in other CESEE countries



What about...

. Countries that have been in recession for some time? (e.g. Croatia)
Recessions often triggered by crises = early warning comes too late

Also, structural indicators are not incorporated in the model, since they do not
alter their behavior much in the run-up to a crisis

... Ukraine and Russia?

Early warning system cannot predict political crises
Ukraine‘s vulnerability deteriorating fast

Russia: Oil-exporting economy, thus many shock-absorbing factors = oil price
developments should be monitored closely



ONB

OESTERREICHISCHE NATIONALBANK
EUROSYSTEM

For further information see:

Feldkircher, M., T. Gruber and |I. Moder. 2014. Usihg aTI-llrés
Approach to Flag Vulnerabilities in CESEE. Focus on Europe
Economic Integration Q3/2014 | \‘ \
% \\

Isabella.moder@oenb.at



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /PageByPage

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.6

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.1000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType true

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings true

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams true

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts false

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

    /Arial-Black

    /Arial-BlackItalic

    /Arial-BoldItalicMT

    /Arial-BoldMT

    /Arial-ItalicMT

    /ArialMT

    /ArialNarrow

    /ArialNarrow-Bold

    /ArialNarrow-BoldItalic

    /ArialNarrow-Italic

    /CenturyGothic

    /CenturyGothic-Bold

    /CenturyGothic-BoldItalic

    /CenturyGothic-Italic

    /CourierNewPS-BoldItalicMT

    /CourierNewPS-BoldMT

    /CourierNewPS-ItalicMT

    /CourierNewPSMT

    /Georgia

    /Georgia-Bold

    /Georgia-BoldItalic

    /Georgia-Italic

    /Impact

    /LucidaConsole

    /Tahoma

    /Tahoma-Bold

    /TimesNewRomanMT-ExtraBold

    /TimesNewRomanPS-BoldItalicMT

    /TimesNewRomanPS-BoldMT

    /TimesNewRomanPS-ItalicMT

    /TimesNewRomanPSMT

    /Trebuchet-BoldItalic

    /TrebuchetMS

    /TrebuchetMS-Bold

    /TrebuchetMS-Italic

    /Verdana

    /Verdana-Bold

    /Verdana-BoldItalic

    /Verdana-Italic

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<





    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>







    /HUN <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>





    /SKY <>



    /SUO <>

    /SVE <>

    /TUR <>



    /ENU <FEFF004b006900720073007400750075006e0020006a00610020007000610069006e006f00740061006c006f006900680069006e0020006d0065006e0065007600e4007400200074007900f60074002e>

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.276 841.890]

>> setpagedevice



