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What is the BIS credit-to-GDP gap?
 Gap was introduced by Borio and Lowe (2002)

 Difference between the credit-to-GDP ratio and its long-term trend
 𝐺𝐺𝐺𝐺𝐺𝐺 =

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡
𝐺𝐺𝐺𝐺𝑃𝑃𝑡𝑡

− 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑑𝑑𝑡𝑡

 Long term trend is defined by a one-sided HP filter with lambda = 400.000
 Available on the BIS-website: Credit-to-GDP gaps (bis.org)
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Why has it become important?
 Using the credit-to-GDP gap, Borio and Lowe (2002) were the first to show that credit

booms precede financial crises and that the gap can be used as early warning indicator
(EWI)

 The credit-to-GDP gap is the explicitly mentioned as common reference point for the

countercyclical capital buffer (CCyB) under Basel III
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The idea behind the credit-to-GDP gap
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The financial cycle
 The financial cycle goes back to Minsky (1978)

“Vulnerabilities tend to build up over time, reflecting the mutually reinforcing interaction between the
financial sector and the real economy. A highly stylised description of the process could be the following.
As the economy expands, asset prices increase, risk is perceived to decline and external financing
becomes cheaper and more plentiful. These developments fuel the expansion and, if they go too far,
allow financial imbalances to be masked by benign economic conditions. The imbalances sustain
distortions in the real economy, often in the form of excessive investment in the sectors most affected by
the favourable conditions. The unbalanced boom sows the seeds of the subsequent contraction. At some
point, the process goes into reverse. Unless the financial system has built up sufficient defences during
the boom, the subsequent contraction can lead to widespread instability. Ex post, a financial cycle is
evident.” (p 44. Borio and Lowe, 2002)
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The credit-to-GDP gap and the financial cycle
 Gap is a proxy for the financial cycle “to capture the cumulative processes that in the boom

phase sow the seeds of the subsequent distress. (p 46. Borio and Lowe, 2002)

 The gap is not measuring the equilibrium level of credit in the economy
 Cannot measure how “excessive” credit is

→ Key implications for assessing the benefits and drawbacks of the credit-to-GDP gap
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Link to the countercyclical capital buffer
 “The primary aim of the countercyclical capital buffer regime is to use a buffer of capital to

achieve the broader macroprudential goal of protecting the banking sector from periods of
excess aggregate credit growth … The aim is to ensure that the banking sector in aggregate
has the capital on hand to help maintain the flow of credit in the economy without its
solvency being questioned, when the broader financial system experiences stress …. The
potential moderating effect (of the buffer) on the build-up phase of the credit cycle should be
viewed as a positive side benefit, rather than the primary aim ….”

 Authorities are “expected to calculate the internationally consistent buffer guide that can

serve as a common starting reference point for taking buffer decisions. The common reference
guide is based on the aggregate private sector credit-to-GDP gap.”
 There is not mechanical link between the credit-to-GDP gap and the CCyB

 But authorities are asked to publish the credit-to-GDP

BCBS (2010), Guidance for national authorities operating the counter-cyclical capital buffer
Restricted

9

How to test early warning indicators?
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How to test EWIs formally?
 Non-parametric

 Call a crisis if a single indicator breaches critical threshold

- Threshold determined by noise-to-signal ratio (fraction of wrong calls/prediction rate)
 All possible thresholds
- Area under the ROC curve

 For multiple indicators:

 probit and logit regressions

- Provides statistical significance of different indicators in combination
- Overall performance can be also assessed with AUC
 Trees and random forests, machine learning
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Aldasoro, et al (2018)
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Evaluation of EWIs for policy purposes
 The EWI has the right timing

 Needs to signal crisis early enough but not too early

 The EWI is stable

 Policymakers adjust policy stance gradually when information is noisy (CGFS, 2012)

 The EWI can be interpreted by policy makers

 Practitioners value sensibility of forecasts more than accuracy and adjust forecasts if they lack
justifiable explanations
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The signalling quality of different EWIs
AUCs for different forecast horizons

Graph 2

Credit-to-GDP gap

Debt-service-ratio (DSR)

Non-core liabilities

Credit growth

Property price growth

GDP growth

The horizontal-axis denotes the forecast horizons in quarters before crises. The vertical-axis denotes AUC. The horizontal line at 0.5
highlights the value of an uninformative indicator. A solid blue line indicates that the specific variable for the given horizon is statistically
different from an uninformative indicator, while a dashed blue line indicates the opposite. A hollow blue circle shows that the signal is
stable in the sense that it does not reverse direction within the forecast horizon until the crisis. Red diamonds highlight that the specific
variable is statistically the best indicator for this particular horizon. Other indicators that are not statistically different from best-performing
indicator are marked by solid blue circles.
Source: Drehmann and Juselius (2013).

Aldasoro et al (2018)
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Getting a critical threshold
 Chose threshold that minimises Noise-to-Signal ratio subject to predicting 66% of crisis

Aldasoro, et al (2018)

Restricted

Data issues

Restricted

16

The input series
 The BIS credit-to-GDP gap is based on total credit to the private non-financial sector

(households and corporate)

 Available from: Credit to the non-financial sector (bis.org)

 Why?

 To capture the build-up of financial imbalances, you need all sources of credit, including credit
from non-banks and cross-border credit

 Statistically a better early warning indicators – at least in advanced economies (Drehmann (2013))

 But bank credit to the private non-financial sector a good proxy, especially if non-bank and

cross-border credit small
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Normalisation
 Problem: Drop in GDP will increase credit-to-GDP ratio and gap even if there is no credit

boom (eg BCBS (2010).

 But

 From experience, this is potentially only a problem for very small economies (eg Singapore)

 Empirically, gaps based on a normalisation by GDP have higher forecast performance compared to
alternatives (Drehmann and Yetman (2021))
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Is the credit-to-GDP gap a good indicator for EMEs?
 A common critique as analysis has been undertaken using mainly advanced economy data
 Correct, but the gap is statistically a very good indicator for EMEs

 Another critique is that the use of the credit-to-GDP gap hinders financial deepening

 If financial deepening occurs at a steady pace, gradual and persistent growth of credit will be
embedded in the trend of the credit-to-GDP ratio

 Much of run-up in credit-to-GDP ratios in advanced economies can be explained by falling
interest rates
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The forecast performance of the credit-to-GDP gap for different samples
AUCs for different forecast horizons

The horizontal axis denotes the forecast horizons in quarters before crises. The vertical axis denotes the AUC. The horizontal line at 0.5
highlights the value of an uninformative indicator.
1

As baseline, credit-to-GDP gaps are calculated by the standard methodology and the full sample of all countries is used. 2 95%
confidence interval for the AUC using the baseline model. 3 EMEs according to World Bank classification. 4 Countries with a credit-toGDP ratio below 100%.
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Calculating the trend
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The HP filter
 Hodrick and Prescott (1981) propose to obtain the trend by solving the following

optimisation problem

min
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 The trend is calculated by a one-sided (ie backward-looking) HP filter
 Filter is run recursively for each period

 The standard smoothing parameter 𝜆𝜆 for business cycles is 1600 for quarterly series.
 Credit-to-GDP gap uses λ= 400,000

 ≈ 44*1600, assuming that credit cycles are four times as long as business cycles
 Empirically λ= 400,000 has highest EWI power (eg Drehmann et all (2010))
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Problems of the HP-filter
 “Why you should never use the HP filter” according to Hamilton (2018)

 HP filter produces spurious dynamics that are not based on the underlying data-generating
process

 Standard implementation of the HP filter stands at stark odds from its statistical foundations
 Dynamics at the ends of the sample differ from those in the middle
- Well-known end-point problem (but also start-point problem)

 But, in the absence of clear theoretical foundations, any proposed gap is nothing more than

a proxy

 What matters to policymakers is the EWI performance
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Issue 1: One-sided versus two-sided HP filters
 End-point problem is not a problem
 Impossible for the policymaker to apply a two-sided filter as future is unknown
 Two-sided filter has lower forecast performance
 Given start point problem, you need sufficient data (~ 10 years) to calculate trend

Drehmann and Tsatsaronis (2014)
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Issue 2: Are there better gaps?
 Drehmann and Yetman (2021) run a horse race for 41 economies from 1970 to 2017,

looking at different “gaps”

 HP gap: Standard BIS gap based on one-sided HP filter
 Projection gap: Residual from linear projection 𝑦𝑦𝑡𝑡+ℎ = 𝛽𝛽𝑜𝑜 + ∑𝐽𝐽𝑗𝑗=1 𝛽𝛽𝑗𝑗 𝑦𝑦𝑡𝑡+𝑗𝑗−1 + 𝜈𝜈𝑡𝑡+ℎ (Hamilton (2018))

 Growth gap: 5-year growth in the credit-to-GDP ratio (eg Jorda et al (2011))

 Several issues for the projection gap:

 What is the projection horizon h and lag length J?

- Hamilton proposes 4 lags and 5 years for credit cycle
- Very little difference in EWI power for h between 5 and 9 years and lags between 1 and 4 lags.
- Drehmann and Yetman (2021) find (marginal) highest AUC for 7 years and 2 lags
 Should it be estimated country-by-country basis or in a panel?

 Are the differences between real-time and one-sided?
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Problems with the projection gap
 Not stable if estimated on a country-by-country basis in real time (ie there is end-point

problem)

 Need panel – but what is the correct comparison group?

Drehmann and Yetman (2021)
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Horse race between the gaps
 Only marginal differences between HP and Projection gap

Drehmann and Yetman (2021)
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Are differences significant?
 Splitting pre-crises and non-crises periods and get threshold for crises signal with lowest

noise-to-signal ratio that signals at least a 66 percent probability

 Very little difference in correct/incorrect signals across the different gaps
 30% of signals are wrong (in 3 years out of 10 years)

 Projection gap 2 percentage points fewer wrong calls (1 quarter out of 10 years)
Projection GDP gap
Normal

Pre-crisis
Incorrect

Total

Correct

Incorrect

Correct

Correct

66

5

71

Incorrect

7

22

29

Full Sample
HP GDP
gap

Normal
Pre-crisis
Total

Incorrect

25

9

34

Correct

9

57

66

34

66

73
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Drehmann and Yetman (2021)
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An simple method to get to the BIS gap
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An alternative method to get to the BIS gap
 Forthcoming paper by Rodrigo Alfaro and myself

 Local linear trend (LLT) model with 𝑥𝑥𝑡𝑡 can be decomposed into stochastic trend 𝑎𝑎𝑡𝑡 and a

cyclical component 𝑒𝑒𝑡𝑡 with 𝜎𝜎𝑒𝑒2 , ie 𝑥𝑥𝑡𝑡 = 𝛼𝛼𝑡𝑡 + 𝑒𝑒𝑡𝑡

 Dynamics of the trend are

with 𝑢𝑢𝑡𝑡 and 𝑣𝑣𝑡𝑡 independently distributed with 𝜎𝜎𝑢𝑢2 and 𝜎𝜎𝑣𝑣2

 Estimating 𝛼𝛼𝑡𝑡 with Kalman filter is the same as using one-sided HP filter if 𝜎𝜎𝑢𝑢2 = 0 and
𝜎𝜎𝑣𝑣2
𝜎𝜎𝑒𝑒2

=

1

𝜆𝜆𝐻𝐻𝐻𝐻

(Hamilton (2018))

 Estimating 𝛼𝛼𝑡𝑡 with Kalman filter can be approximated by using the Holt-Winters filter

(Harvey (1989))
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The Holt-Winters filter
 Assume that the trend of is

is

with

Hence

with
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The Holt-Winters filter (II)
 Hence, trend is a weighted average of past observations with

 Given equivalence between the filters, there is mapping from 𝜆𝜆𝐻𝐻𝐻𝐻 to 𝜃𝜃1 / 𝜃𝜃0 with
 𝜆𝜆𝐻𝐻𝐻𝐻 = 400000 → 𝜃𝜃1 = 0.0547 and 𝜃𝜃0 = 𝜃𝜃12 /2 − 𝜃𝜃1

→ Very easy to calculate!!!!!
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A comparison for the US
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What’s next?
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What’s next?
 Credit-to-GDP gap remains an indicator that provides uncertain but valuable insights

 Unlikely that methodological innovations can enhance gap much more when used as a

single indicator. The use of multiple indicators more appropriate.

 More work needed in understanding the underlying economics
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