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1 Introduction

In IMF (2013) it was suggested that “the global financial crisis
revealed the need to develop indicators that could identify
and monitor the build-up of systemic risks in a forward-
looking manner. FSls for a sector as a whole act more as
contemporaneous indicators and may hide variations within
the population of financial institutions that may eventually
put in danger the whole financial system”.

Accordingly, IMF (2016) highlighted experimental data
collection on CDMs, from 36 countries for up to 8 years
(2007-2014)

Initial paper did not present statistical tests of the usefulness
of CDMs for financial stability analysis.

However, the fact central banks, international organisations
and academics routinely use CDMs for illustration and
analysis is promising



This article seeks to deepen knowledge of the
usefulness of CDMs by assessing their potential for
helping predict vulnerabilities at a national level.

We show some recent examples of illustration using
CDMs from key macroprudential reports from the IMF,
ECB and Bank of England, then we note some recent
academic work that relates to CDMs

We then go on to our own analytical work which is
centred on panel estimates of the relation of lagged
CDMs to key indicators of financial instability, with
appropriate control variables to avoid omitted
variables bias.

We then conclude with a summary and suggestions for
extensions to the analytical work.
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Figure 5: Bank performance and systemic banking crises, 1997-2012
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* Beck et al (2006), Using data for 69 countries over
1980-1997, they found crises are less likely in
economies with more concentrated banking systems,
controlling for differences in bank regulatory policies,
national institutions affecting competition,
macroeconomic conditions, and shocks to the
economy. Regulatory policies and institutions that limit
competition are related with greater banking system
fragility.

* Fahlenbrach et al (2016): U.S. banks with loan growth
in the top quartile of banks over a three-year period
between 1973-2014 underperforms the common stock
of banks with loan growth in the bottom quartile over
the next three years, as growth slows and provisions
increase — link to overoptimism on loans made in fast
growth period.



4 Econometric analysis

Panel estimation of CDMs for the IMF sample

3 dependent variables of macroprudential
relevance drawn from World Bank Global
Financial Development Database:

— Z Score for banking sector
(ROA+(Capital/Assets))/SD(ROA))

— NPL/loan ratio
— Provisions/NPL ratio

Control variables (lagged) similar to Beck et al
(2013) and Davis and Karim (2013)

Time dummies



Mean
Median
Maximum
Minimum
Std. Dev.
Skewness
Kurtosis

Jarque-Bera
Probability

Sum
Sum Sq. Dev.

Observations

Z-Score

10.65327
9.624889
30.95585
-12.0247
6.942201

0.57824
3.266696

14.02703
0.0009

2546.131
11470.21

239

5.628452
3.6

44.9

0.1
6.147189
3.068917
15.59189

1954.112
o)

1345.2
8993.527

239

Statistical data for dependent variables

NPL/loans Provisions/NPL

68.0569
59

209.8

7
36.43044
1.316073
4.90054

104.9632
o)

16265.6
315868.1

239



* Variables tested for predictive power of their
CDMs in this respect are:

— Leverage (unweighted capital/assets)

— Liquidity (liquid assets/short term liabilities)

— ROA (return on assets)

— ROE (return on equity)

— Tier 1 ratio (Tier 1 equity capital/risk weighted assets)
— NPL ratio (non performing loans/gross loans)

e Separate regressions for the following:
— Mean plus controls (benchmark)
— Skewness and Standard Deviation plus controls
— Quartiles 1, 2, 3 and 4 plus controls
— Maximum, Median and Minimum plus controls

— Interquartile range (Quartile 1 minus Quartile 4) plus
controls



Some statistical issues

Outliers in the maxima — do they also distort
other CDMs? Could Winsorise if necessary.

There are no observations in advance of the
global financial crisis so cannot do crisis
orediction

Post crisis period covered by sample subject to
nigh risk aversion by banks and authorities

Some negative values requiring linear and not log
linear (no elasticities)

Short time series and large number of countries




Typical regression for Z-Score

Controls for Z-Score

Variable Coefficient
C -10.8
CAPAMEAN(-1) -50.4
NONINTSH(-1) -0.084
CREDASSET(-1) 28.1

PROVNPL(-1) 0.043
COMPLERNER
(-1) 22.2

LIQLIASSET(-1)  -2.73

Period fixed dummy variables
Sample (adjusted): 2008 2014
Periods included: 7
Cross-sections included: 26
Observations: 99

R-squared 0.39
Adjusted R-squared0.31

S.E. of regression 5.3

t-Statistic

NONINTSH (share of
noninterest income)

CREDASSET (share
of bank loans in
assets)

PROVNPL
(provisions/NPL
ratio)
COMPLERNER
(Lerner index for
bank competition)

LIQLIASSET (ratio of
liquid liabilities to
total assets)



Controls for other regressions

 For NPL/loan ratio, as for Z-Score

* For Provisions/NPL ratio, replace
provisions/NPL with NPL/loans



Results
for Z-

Score
(significant
CDM
variables
only)

Note: extra
variable Tier 1
concentration (-1)
has a coefficient
of 23.5(2.9)

Leverage | Liquid ROE ROA Tierl NPL/total
ratio assets/Short capita/risk | loans
term weighted
liabilities assets
Mean -50.4 -50.2 -52.4
(2.9) (2.3) (4.1)
Skew -0.23
(2.2)
Stdev -57.2 -2.5 -113.1 -71.4
(3.7) (2.3) (3.2) (4.7)
Q1 -11.5 -8.5
(2.1) (2.5)
Q2 4.1 -320.7 -33.0
(2.1) (2.2) (1.8)
Q3 47.3
(2.6)
Q4 27.0 -9.3 125.2
(2.0) (2.8) (4,7)
Max -7.2
(3.2)
Med -53.7 4.5 16.5 -71.7
(3.3) (3.3) (2.0) (3.2)
Min -7.0 4.1
(2.7) (2.4)
IQ range | -14.1 -6.4 -108.9 -11.0 23.2
(3.4) (3.9) (5.2) (4.5) (4.0)




Results
for NPL/

loans
(significant
CDM
variables
only)

Leverage | Liquid ROE ROA Tierl
ratio assets/Short capita/risk
term weighted
liabilities assets
Mean 27.4 -15.5 -191.3 31.3
(2.0) (6,5) (6.2) (1.9)
Skew -0.26 -0.2
(1.9) (2.9)
Stdev 2.15 77.6 16.0
(2.5) (3.0) (2.2)
Q1
Q2 37.9
(2.3)
Q3 -35.8
(3.2)
Q4 -5.0 -86.2
(3.6) (4.7)
Max -26.2
(5.0)
Med -34.9 -248.7
(6.8) (6.4)
Min -1.45 -0.18 -34
(1.7) (2.1) (3.5)
IQ range 4.9 53.3 3.8
(3.7) (3.0) (1.7)




Results for

Provisions
/NPL

(significant
CDM
variables
only)

Leverage | Liquid ROE ROA Tierl
ratio assets/Short capita/risk
term weighted
liabilities assets
Mean 2.2 -263.5
(2.9) (2.1)
Skew -1.3 0.99
(1.9) (2.1)
Stdev 213.3 0.06
(2.2) (2.1)
Q1 64.0 0.4 54.7
(2.1) (3.3) (2.7)
Q2 -216
(1.8)
Q3 36.0 -209.6 593.5
(2.3) (1.7) (2.4)
Q4 -170.1 -207.4
(2.0) (2.8)
Max -0.002
(2.0)
Med 235.2 354
(2.4) (5.2)
Min -30.9 -28.2
(2.2) (1.9)
IQrange | 81.7 0.45 48.0
(3.7) (3.1) (3.2)




Number of significant variables

Z-Score NPL/loans | Provisions/ | Total
NPL

Leverage | 6 3 5 14
Liquidity | 4 0 8 12
ROE 4 7 2 13
ROA 4 8 0 12
Tierl/risk | 5 4 8 17
weighted
assets
NPL/loans | 4 - - -




Significant variables by CDM

Z-Score NPL/loans | Provisions/ | Total
NPL
Mean 3 4 2 9
Skew 1 2 2 5
Stdev 3 2 9
Q1 2 0 3 5
Q2 3 1 1 5
Q3 1 1 3 5
Q4 3 2 2 7
Max 1 1 1 3
Med 4 2 2 8
Min 2 3 2 7
IQrange | 4 3 3 11




Comments

The CDMs are widely significant for helping predict the
chosen indicators of systemic vulnerability, often more
so than the traditional means

We highlight in particular the usefulness of the
interquartile range, which is most often significant and
also retains significance in more restricted samples

The standard deviation, median, minimum and fourth
quartile also show promise

Capital adequacy measures, both risk weighted and
non-risk weighted are somewhat more commonly
significant than the other CDMs

Robustness checks (Appendix) show broad stability of
effects across regions and time periods.



5 Conclusion

* Our empirical work follows the preparation of CDMs in
Crowley et al (2016) and common use of CDMs in official
and academic publications.

* |n this statistical exercise with the new CDM dataset, we
have shown that a range of CDMs can help to predict
system wide vulnerabilities, with appropriate control
variables to reduce omitted variable bias.

* QOverall, the exercise lends support to the IMFs intention to
collect CDM data on a regular basis, and supports the
argument made in IMF (2013) that CDMs would “allow
policy makers and Fund staff to better identify potential
build-up of systemic risks, thus providing additional inputs
for macro-financial management.”



* |t would be desirable to collect data from earlier
dates, ideally back to 2000, to allow the
prediction of the global financial crisis to be
evaluated, and also to limit outliers

* A full range of countries would allow more
systematic analysis of country groups at different
income levels.

* Further empirical work could use additional
controls (e.g. for financial regulation) and also
alternative estimation methods; use of quarterly
data for prediction could also be helpful.
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Appendix: Robustness checks
(1) Excluding regions (dependent: Z-

Score)

Region High Upper Lower Total
excluded income middle middle

income income
|IQ range -14.3 -22.1 -14.1
leverage (3,1) (4.0) (3.4)
|IQ range 0.5
Liquidity (2.1)
|IQ range -5.6 -7.5 -7.8 -6.4
ROE (2.8) (4.3) (2.3) (3.9)
|IQ range -109.0 -114.6 -97.1 -108.9
ROA (4.2) (5.2) (3.4) (5,2)
1Q range -12.3 -11.8 -10.4 -11.0
Tierl/RWA | (4.5) (3.1) (3.5) (4.5)
|IQ range 29.3 23.2 26.6 23.2
NPL/loans | (4.8) (2.4) (3.2) (4.0)




(2) Region-by-region (dependent: Z-

Score)

Region: High Upper Lower Total

income middle middle

income income

|Q range -30.1 -14.1
leverage (3.8) (3.4)
|Q range
Liquidity
|Q range -18.1 -4.0 -6.4
ROE (2.9) (2.0) (3.9)
|Q range -117.2 -91.2 -108.9
ROA (2.0) (3.8) (5,2)
|IQ range -12.5 -17.7 -11.0
Tierl/RWA (3.6) (3.0) (4.5)
|IQ range 14.3 68.7 30.1 23.2
NPL/loans | (1.6) (6.1) (3.5) (4.0)




(3) Sub-periods (dependent: Z-Score)

Sub- 2007- 2012-
period: 2011 2014
|Q range -13.0 -14.9
leverage (2.1) (2.6)
|Q range

Liquidity

|Q range -4.8 -10.6
ROE (2.4) (2.8)
|Q range -106.0 -99.4
ROA (3.4) (3.4)
|Q range -11.6 -11.2
Tier1/RWA | (3.7) (2.1)
|Q range 28.8 17.0
NPL/loans | (3.6) (2.0)
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