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On the long-run calibration of the Credit-to-GDP gap 
as a banking crisis predictor 

 
Karlo Kauko1    Eero Tölö2 

 

    Abstract 

The trend deviation of the Credit-to-GDP ratio (“Basel gap”) is a 
widely used early warning indicator of banking crises. It is 
calculated with the one-sided Hodrick-Prescott filter using an 
extremely large value of the smoothing parameter λ. We 
recalibrate the smoothing parameter with panel data covering 
almost one and a half centuries and 15 countries. The optimal 
λ is found to be much lower than previously suggested. The 
2008 crisis does not dominate the results. The long sample 
almost eliminates filter initialisation problems.  
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1 Introduction 
 

Kaminsky and Reinhart (1999) and Demirgüç-Kunt and Detragiache (1998) presented pioneering 

studies on banking crisis prediction. The topic has become highly policy relevant. In various 

jurisdictions, regulatory authorities have been mandated to increase banks’ capital adequacy 

requirements if the risk of a banking crisis seems heightened. Since Drehmann et al (2010), it has been 

commonplace to use the so-called Basel gap as an indicator of systemic risks, when policy makers set 

this countercyclical capital buffer requirement.  The Basel gap is the difference between the credit-to-

GDP ratio and its trend. The trend is calculated with quarterly data by running the Hodrick-Prescott 

filter. When the predictive power of this indicator is backtested, nothing but data till the moment in 

time is used, and subsequent observations are dropped off. This method is often referred to as the 

one-sided filter. This indicator has been recommended for national macroprudential authorities by 

international bodies, such as the Basel Committee and the European Systemic Risk Board. Various 

studies, such as Detken et al (2014) and Tölö et al (2018), have found that this indicator would have 

been highly useful as an early warning signal of banking crises in the last few decades.  

In most econometric studies, it has been commonplace to use the smoothing parameter λ = 1600, 

when the HP-filter is applied to quarterly data. However, Drehmann et al (2010) found that a much 

larger λ, namely 400 000, yields the most accurate early warning signs in banking crisis forecasting. 

The sample consisted of G20 and OECD economies between 1980 and 2009. When λ goes to infinity, 

the HP-filter converges to a linear trend filter. The paper by Drehmann et al (2010) was never 

published in a refereed journal, but according to Google Scholar data, it had been referred to 298 

times by December 2018. Drehmann and Yetman (2018) provide additional evidence on the ability of 

this indicator to outperform certain other early warning indicators in banking crisis prediction. 

Interestingly, there is little if any further empirical evidence on the value of lambda. 
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The data used by Drehmann et al (2010) is rather short, when compared to how sticky the estimated 

trend is. This problem is particularly serious during the early part of the sample period; if one estimates 

the trend for, say, 1990 there is only one decade of data. There is little difference between setting λ = 

400 000 and re-estimating a linear trend with data till each quarter. In order to have a more reliable 

idea about the potential benefits of using a very large λ, much longer time series would be useful. 

This paper applies almost 150 years of panel data to test parametrizations. Two different methods 

indicate that the best crisis prediction ability over this sample period is found at a much lower λ than 

previously thought.  

 

2 Data and method 

 

In the following analyses, the so-called Jordà-Schularick-Taylor macrohistory database is the sole 

source of data. 3  There is more than a century of annual data for each country. Germany and Japan 

were excluded because of obvious data discontinuities during the Second World War. There are 76 

crises in the sample. Canada is the only country that has not experienced at least one banking crisis 

both before and after WW2. Interestingly, there was no crisis in sample countries between the Second 

World War and the 1970s. The data are described in Tables 1 and 2. 

 

  

                                                           
3 See http://www.macrohistory.net/JST/JSTdocumentationR3.pdf 
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Table 1. Variable description 

 

 

 

Table 2. The first year of the data and number of crises 

 

Variable Definition Source

Credit
Total Loans to Non-financial Private 
Sector (nominal, local currency)

JST Macrohistory Database

GDP Nominal GDP (local currency) JST Macrohistory Database

Crisis dummy
Systemic Financial Crisis dummy 0-1 by 
Jorda-Schularick-Taylor.

JST Macrohistory Database

Pre-crisis dummy variable
1 for 1-3 years before first year of crisis; 
Empty for crisis year and for the 
subsequent four years; 0 otherwise.

Constructed from crisis dummy
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First, the performance of credit-to-GDP gaps as banking crisis predictors is evaluated by the AUROC. 

The method is described by e.g. Berge and Jordà (2011) and Detken et al (2014). AUROC lies between 

0.5 and 1.0. A perfect indicator would have the AUROC = 1.0; each crisis would be forecasted, and no 

false alarms would be issued. If the value were 0.5, the indicator would be no better than random. 

Second, a traditional logit analysis is used to test the main conclusions.  Unlike in many previous 

contributions, a very large number of values for the smoothing parameter λ are systematically tested. 

Moreover, the predictive power of gaps calculated with linear trends is calculated for comparison. 

When λ approaches infinity, trends based on one-sided HP-filters asymptotically approach these linear 

trends. 

 

3 AUROC analyses 

 

The explained variable is the pre-crisis dummy. Its value for a year t equals +1 if a systemic financial 

crisis broke out during the period t+1 to t+3. If there is an ongoing crisis, or if the latest crisis started 

less than five years earlier, the observation is excluded in order to eliminate the post-crisis bias. The 

credit-to-GDP gap is the sole explanatory variable. There are no country or year specific dummy 

variables and no macroeconomic control variables. There is no weighting of observations. 

First, credit-to-GDP trends and respective gaps were estimated with the one-sided HP-filter for the 

entire sample. Previous analyses have focused on a handful of arbitrary lambda values, but now, a 

much more systematic approach is taken to cover a much wider range of potential options. Using the 

entire sample, it was found that the highest AUROC (0.633) is found at λ = 100 (See Fig 1). This 

parameter value obtained with annual data is not directly comparable with those obtained with 

quarterly data. One needs to multiply the annual λ by 44 = 256 to get the corresponding λ at the 
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quarterly frequency (see Ravn and Uhlig 2002). This result suggests that the optimal λ with quarterly 

data would be about 26 000, i.e. much lower than the current standard originally recommended by 

Drehmann et al (2010).  

 

If we omit crisis observations before 1980, but use the entire sample for estimating credit-to-GDP 

trends, the highest AUROC is 0.776, i.e. much higher than with the entire sample. This optimum is 

found when annual λ equals 900, corresponding to a quarterly λ = 230 400 (See Figure 2). This is lower 

than the λ=400,000 recommended by Drehmann et al (2010) but still very large. However, conclusions 

based on crises after 1980 suffer from the problem that the number of independent crisis observations 

is much more limited than one might think. In 11 cases out of 22, a post WW2 crisis materialized in 

2007-2008. It would be warranted to see them as national manifestations of the same crisis rather 

than independent events. (See Figure 2) 
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Figure 1: All crises, whole sample
AUROC(λ) AUROC for one-sided linear trend
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As can be seen in Figure 3, the highest fit with pre WW2 data is reached when λ is about 70, which 

corresponds to the quarterly λ value 17 900. (AUROC = 0.631) Trend gaps based on linear trends would 

be useless for this era. (See Figure 3) 
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Figure 2: Trend estimations with whole sample, crisis 
prediction evaluated with crises after 1980

AUROC(λ) AUROC for one-sided linear trend
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Figure 3: Crises before WW2
AUROC(λ) AUROC for one-sided linear trend
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4 Logit estimations 

 

In the above analyses, both the explanatory variable, i.e. the trend gap, and the explained variable are 

strongly autocorrelated by construction. The explained variable always equals +1 for three 

consecutive years. Now, a more traditional method, namely the logit analysis, always with a fixed 

forecasting horizon, is used to test whether differences in the explanatory power of gaps obtained 

with different lambdas are statistically significant.  Results are presented in Table 3. 

In each equation, both the standard Basel gap (lambda = 1562 with annual data) and the one 

optimised with the entire sample (lambda =100) are used in parallel in crisis prediction. In each 

equation, the forecasting horizon is either one, two or three years. There are no year or country 

specific fixed effects, except for the years 1931 and 2008 in Equations 4-6 in Table 3.  Cases where a 

crisis broke out one to four years earlier are excluded from the sample.  

As can be seen in Table 3, there is little evidence the standard Basel gap would be of any use in banking 

crisis prediction, when one controls for the gap obtained with a much lower lambda value.  However, 

Equation 1 weakly indicates that the Basel gap (lambda=1562) might improve forecasting accuracy at 

short forecasting horizons (equation 1). If the focus is on crises before 1970 (see equations 7-9), the 

standard gap is useless. If the analysis is restricted to crises after 1970, the first year in the sample 

used by Drehmann et al (2010), there is no evidence that either of the two gaps would clearly 

outperform the other one (equations 10-12).   
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Table 3. Logit analyses  
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5 Conclusions and discussion 

 

The Basel gap’s smoothing parameter λ was originally optimized with a panel data covering somewhat 

less than three decades.  End-point problems of the one-sided HP-filter can be very serious when the 

value of λ is large and the sample is short.  This paper presents results with a much longer sample, 

hopefully alleviating this problem. Moreover, the sample is not dominated by different national 

manifestations of the 2008 crisis.  

The optimal λ is significantly lower if it is derived from a sample covering almost 150 years. The ability 

of credit-to-GDP gaps to foresee pre WW2 crises is weaker than its ability to forecast post-WW2 crises.  

Crises after WW2 seem to be best predicted by a credit-to-GDP gap based on a very large λ, but logit 

analyses with data on a relatively recent sub-period indicate that using a parameter value optimised 

with the entire sample does not significantly weaken the results.  Estimations with post WW2 crises 

may yield biased results because the 2008 global financial crisis drives the results too strongly. Instead, 

if one uses the entire sample, the standard Basel gap seems a significantly weaker predictor than a 

gap calculated with a much lower lambda value.  

At least one previous observation suggests that the dynamics between credit, GDP and financial crises 

have not changed. Banking crises can be seen as extreme troughs of the financial cycle. The optimal λ 

would be related to the length of the cycle. It has been commonplace to conclude that the typical 

length of the financial cycle is between eight and twenty years (see e.g. Verona 2016 or Schüler et al 

2017). Most empirical studies on cycle length use relatively short samples, but Aikman et al (2015) 

extended the sample to cover the late 19th century. The average financial cycle length was found to 

be about 13 years, which is comparable to results with much shorter data.  

 



11 
 

References 
 
Aikman, D., Haldane, A.G. and Nelson, B.D. (2015) Curbing the credit cycle, The Economic Journal 
125: 1072−1109. 

Demirgüç-Kunt, A., Detragiache, E. (1998) The determinants of banking crises in developing and 
developed countries, IMF Staff Papers 45: 81–109. 

Detken, C., Weeken, O., Alessi, L., Bonfim, D., Boucinha, M.M., Castro, C., Frontczak, S., Giordana, G., 
Giese, J., Jahn, N., Kakes, J., Klaus, B., Lang, J.H., Puzanova, N., Welz, P. (2014) Operationalising the 
countercyclical capital buffer: indicator selection, threshold identification and calibration options, 
ESRB Occasional Paper Series 5. 

Drehmann, M., Borio, C. Gambacorta, L., Jiménez, G., Trucharte, C (2010) Countercyclical capital 
buffers: exploring options, BIS Working Papers 317. 

Drehmann, M., Yetman, J. (2018) Why you should use the Hodrick-Prescott filter – at least to 
generate credit gaps, BIS Working Papers 744. 

Kaminsky, G.L., Reinhart, C.M. (1999) The twin crises: the causes of banking and balance-of-
payments problems, American Economic Review 89: 473–500. 

Ravn, M. O., Uhlig, H. (2002) On adjusting the Hodrick-Prescott filter for the frequency of 
observations, Review of Economics and Statistics 84: 371-376. 

Schüler, Y. S., Hiebert, Paul P., Peltonen, T.A, (2017) Coherent financial cycles for G-7 countries: Why 
extending credit can be an asset; ECB Working Paper Series 43/2017. 

Verona, F (2016) Time-frequency characterization of the U.S. financial cycle; Economics Letters 144, 
75-79. 
 
 



Bank of Finland Research Discussion Papers 2019 
 
ISSN 1456-6184, online 
 
1/2019 Marco Gallegati – Federico Giri – Michele Fratianni  

Money growth and inflation: International historical evidence on high inflation 
episodes for developed countries 
ISBN 978-952-323-257-0, online 

 
2/2019 Francesco D'Acunto – Daniel Hoang – Maritta Paloviita – Michael Weber 

IQ, Expectations, and Choice 
ISBN 978-952-323-258-7, online 

 
3/2019 Orkun Saka 
 Domestic banks as lightning rods? Home bias and information during Eurozone crisis 
 ISBN 978-952-323-260-0, online 
 
4/2019 Saara Tuuli 

Model-based regulation and firms' access to finance 
ISBN 978-952-323-261-7, online 

 
5/2019 Thomas A. Lubik – Christian Matthes – Fabio Verona 

Assessing U.S. aggregate fluctuations across time and frequencies 
ISBN 978-952-323-263-1, online 

 
6/2019 Karlo Kauko – Eero Tölö 

On the long-run calibration of the Credit-to-GDP gap as a banking crisis predictor 
 ISBN 978-952-323-264-8, online 


	BoF DP 6/2019
	On the long-run calibration of the credit-to-GDP gap as a banking crisis predictor
	Abstract
	1 Introduction
	2 Data and method
	3 AUROC analyses
	4 Logit estimations
	5 Conclusions and discussion
	References
	Bank of Finland Research Discussion Papers 2019



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'Kirjapaino'] [Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




