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I Overview

Based mostly on the book This time is different: eight
centuries of financial folly by Reinhart and Rogoff (2009).

Systematic search and compilation of all publicly available
data mentioned in the book.

Independent reproduction of the main statistical findings
described in the book, updated to 2013.

Implementation of the signals approach for early warning
indicators for banking, currency, and stock market crisis.

Construction of aggregate indicators and application to
long-term investment.



N\ A Global Database

MAC

Understanding

Financial
Crises - a
statistical H
erepective @ 70 countries, 200 years.
M. R. Grassell o Fully downloaded and compiled:
L e inflation
This time is .
different o GDP (real and nominal)
aasetsand e exports and imports
The signals e public debt
h
approac o exchange rates
e o equity indices (46 countries)
Conclusions @ Datasets found and partially compiled:

public finances
national accounts
commodity prices

o
o
o
o real estate



N\ Crises and Dates

MAC

L SR @ Thresholds (mark both start and duration)
Crises - o Inflation crises: 20% per annum of higher. Median values
perspective were

e 0.5% for 1500-1799

e 0.7% for 1800-1913

;?Fi:r;i:;e is e 5.0% for 1914-2006
o Currency crises: annual depreciation of 15% or more

o Debasement: currency conversion rate of 5% or more

M. R. Grasselli

Datasets and
crises

aT;peerCTIS e Equity price crises: n standard deviations below trend or

Longtterm Cmax

Investment 9 Events

Condlie@ns e Banking crises: closure, merger, government assistance
with or without runs (start only, duration is harder to
measure)

o External debt crises: default on government external debt
obligations (start and duration)

e Domestic debt crises: default on government debt under a
country’s own jurisdiction
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NN Signals methodology

Choose a set of indicators for a given type of crisis based
on theoretical considerations and/or historical evidence.
Compute the relevant data transformation for each
indicator for each country in the dataset (e.g year—to—year
change).

Obtain a histogram of transformed data for the entire
period under consideration (e.g past 40 years) and select a
country-specific threshold for each indicator.

At each time step (e.g month), determine whether the
change in the indicator is above the threshold (signal).
Observe the occurrence of a crisis within the next forecast
window (e.g 24 months).
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NN ABCD Matrix

The performance of each indicator will be evaluated using the
following matrix:

Crisis No crisis
(within 24 months) (within 24 months)
Signal was issued A B
No signal was issued C D

@ A is the number of months in which the indicator issued a
good signal.

@ B is the number of months in which the indicator issued a
bad signal or “noise”.

@ C is the number of months in which the indicator failed to
issue a signal.

@ D is the number of months in which the indicator
refrained from issuing a signal.
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INN Lending Rate (France)
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Figure: Visualization of an indicator for France
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Figure: Visualization of an indicator for Japan



N\ Performance

MAC

Understanding
Financial

Crises - @ The noise-to-signal ratio (NSR) is defined as follows:
perspective
M. R. Grasselli NSR _ B/(B + D)
This time is A/(A + C)
different
The signals @ The percentage of crises detected (PCD) is the number of
aﬂp:a:'?gy crises anticipated by a signal over all the crises considered.
;Bitis{c:t @ Persistence (PER) is the average number of signals issued
;C*%ggt by an indicator during the window preceding a crisis.
Long-term @ The average lead time (ALT) measures the time between

Investment

the first signal issued by an indicator and the occurrence
of the corresponding crisis.

A good indicator should have a high PCD, ALT and PER and
low NSR.

Conclusions
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Currency Crisis with Annual Data

NSR|%-ile|A/(A+C)|B/(B+D)| Pcs |Pcjs — Pe

Reserves 0.38] 11 0.17 0.07 |0.5617| 0.2346
M2/Reserves  [0.55| 90 0.14 0.08 |0.4848| 0.1423
Exchange Rate |0.56| 10 0.14 0.08 [0.4601| 0.1375
Real Interest Rates|0.57| 80 0.28 0.16 [0.4918| 0.1383
Terms of Trade [0.60| 11 0.13 0.08 |0.5208| 0.1250
Output 0.66| 20 0.26 0.17 [0.4400| 0.0991
Exports 0.71] 20 0.26 0.18 [0.4189| 0.0809
Imports 1.05| 82 0.18 0.19 ]0.3220| -0.0107
Lending/Deposit |1.96| 90 0.06 0.11 ]0.2095| -0.1328

Table: Indicators for currency crises based on annual data for 70
countries from 1970 to 2010.
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Banking Crises with Annual Data

NSR|%-ile|A/(A+C)|B/(B+D)| Pcjs [Pejs — Pe
Real Interest Rate|0.37| 90 0.18 0.07 [0.471| 0.225
Output 0.48| 20 0.16 0.08 [0.383| 0.155
Terms of Trade |0.53] 10 0.15 0.08 [0.462| 0.149
Exports 0.60| 14 0.21 0.13 [0.303| 0.096
M2/Reserves |0.71| 90 0.13 0.09 [0.271| 0.062
Reserves 0.78| 11 0.12 0.10 |0.247| 0.043
Exchange Rate |0.87| 10 0.11 0.10 [0.221| 0.023
Imports 1.29| 82 0.15 0.19 |0.165| -0.039
Lending/Deposit [2.49| 81 0.09 0.21 |0.120| -0.134

Table: Indicators for banking crises based on annual data for 70
countries from 1970 to 2010.




NN Currency Crises with Monthly Data

MAC

Understanding

Financial
Crises - a
perspeciie PCD|NSR[PER[ ALT | Threshold
M. R. Grasselli M2 by Reserves 0.780.44|6.75|14.96 84
Exports 0.85[0.47|4.11|15.58 10
e time is International Reserves |0.71(0.47|4.05|11.14] 10
The s Output 0.62(0.54|3.04{13.52| 90
approach Domestic Credit by GDP|0.50|0.61|3.46|11.90 90
gkicd M2 multiplier 0.73]/0.84|4.25/16.01| 84
Stock Market Real Interest Rate 0.26]0.92]1.95|13.52 90
Aggregate Imports 0.43]1.26(2.08(17.21 90
- Lending to Deposit Rate|0.28 |1.52|1.73|13.85 80

Investment

Table: Indicators for currency crises based on monthly data for 22
countries from 1960 to 2010.

Conclusions
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Crises - a
psetrastplsetcl(t:iavle PCD|NSR|Persist| ALT |Threshold
M. R. Grassell Real Interest Rate 0.49/0.60| 7.05 |18.56 80
M2 Multiplier 0.76|0.62| 5.67 |14.77 82
e time is Exports 0.760.62| 5.67 |15.36| 12
The signals Domestic Credit y GDP |0.56 |0.65| 4.45 |18.54 87
approach M2 by Reserves 0.59(0.84| 4.12 |15.33 85
Baning Output 0.66|1.08| 3.72 |15.83| 18
SkMk Imports 0.73|1.17| 4.03 [19.82| 80
Aggregare International Reserves |0.61|1.45| 3.37 |15.50 19
- Lending to Deposit Date|0.34|1.89| 1.52 |20.21 80

Investment

Table: Indicators for banking crises based on monthly data for 22
countries from 1960 to 2010.

Conclusions



I Stock Market Crisis Definitions
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Crises - a

statistical Let P; be the price of an equity index and define:

perspective

M. R. Grasselli Pf
CMAX; =

This time is max P, P_ P
different ( t—W t—1, t)

The signals and

approach

Methodology Ret _ Pt - Ptfl
Banking and eturn =
Currency Crises Pt—l
%tgc_k Market
risis . P -
g We then define a crisis either as:
Indicators
Long-term @ 1.5 standard deviations below average CMAX

Investment

@ 2 standard deviations below average CMAX

Conclusions

@ 2 standard deviations below average Return



NN Results using CMAX with 2 STD
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perspective 24 months window NSR | PCD
M. R. Grassell Lending Rate 0.47 | 0.50
V5 = Current Account 0.53 | 0.51
The signals M2 in US dollars 0.55 | 0.70
approach Deposit Rate 0.56 | 0.69
GDP Acceleration 0.60 | 0.90
Stock Market Industrial Production 0.60 | 0.61
nstars Industrial Production Acceleration | 0.62 | 0.77
ILnovneit:g:t Table: Indicators for stock market crises based on monthly data for

Conclusions 46 countries from 1960 to 2012.
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perspective 12 months window NSR | PCD
M. R. Grassell Lending Rate 0.43 | 0.40
el M2 in US dollars 0.43 | 0.62
The signals Industrial Production 0.44 | 0.52
approach Imports 0.44 | 0.52
g“ﬁiy':dy Industrial Production Acceleration | 0.49 | 0.57
Stock Market Exports 0.51 | 0.60
nstars Current Account 0.53 | 0.39
ILnovneit:g:t Table: Indicators for stock market crises based on monthly data for

Conclusions 46 countries from 1960 to 2012.
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perspective 24 months window NSR | PCD
M. R. Grassell Lending Rate 0.53 | 0.49
V5 = GDP Acceleration 0.64 | 0.88
The signals Current Account 0.66 | 0.52
approach M2 in US dollars 0.68 | 0.60
g“ﬁiy':dy Exchange Rate US Acceleration | 0.73 | 0.86
St i Current Account by GDP 0.76 | 0.51
nstars Deposit Rate 0.77 | 0.58
ILnovneit:g:t Table: Indicators for stock market crises based on monthly data for

Conclusions 46 countries from 1960 to 2012.
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using Return

12 months window NSR | PCD
Lending Rate 0.41 | 0.37

GDP Acceleration 0.60 | 0.77
Current Account 0.61 | 0.41
Current Account by GDP | 0.68 | 0.39
Deposit Rate 0.69 | 0.50

M2 (US) Acceleration | 0.70 | 0.78
M2 in US dollars 0.70 | 0.45

Table: Indicators for stock market crises based on monthly data for
46 countries from 1960 to 2012.
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24-months | 12-months
ot Cmax 2 | (0.75,0.74) | (0.67,0.62)
The signals CmaX 15 (076,072) (070,060)
FA returns | (0.82,0.69) | (0.77,0.58)
Bankinganq
Sk @ Table: Average NSR and PCD for the three different definition of
;%;Zgate crises and two different time windows. Bold face shows the best
e combination.
Long-term
Investment
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oA o @ Some indicators perform better than others.

different . . . . .

e @ It would be interesting to build an aggregate indicator
€ signals . . . . . .

approach that tells how likely is that a crisis occurs in the following

Methodolo,

Banking and months.

Currency Crises

S Mt @ We do this by combining different indicators using their

Aggregate . .

Indiators performance as relative weights.

Long-term

Investment

Conclusions



NN Bringing weights and values together

MAC
Understandin, . .. . .
Filjatncial ¢ e For a given type of crisis, first we assign a score from 0 to
P 10 to the average value of each performance measure
perspece (NSR, PCD, PER, ALT) for each country and each
M. R. Grasselli indicator_
e time is @ We then compute the weight in the i—th country for the
Tl k—th indicator as
approach
- PCDjx + NSRjx + PERj + ALT ),
Banking and Wik —
Currency Crises 4
o et . . o
Aggregate @ Next we assign a numerical value s;; for the indicator k at
ndicators . . . H
S time j based on its percentiles.
Investment e Finally we compute the aggregate indicator (for this type

Conclusions

of crisis) for country i at time t as

liy = § Wik Skt -

keK
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INN Aggregate Indicator for Banking Crisis in France
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Asset classes

@ For each country considered, we focus on portfolio
allocations with the following proportions:

¢(t) := cash (3-months Thills)

b(t) := bonds (10-year government bonds)

e(t) := equities
with c(t) + b(t) + e(t) =1, 0 < ¢(t) < cmax, b(t) >0,
0 < e(t) < emax-

e For equities, we use CAC40 (France), FTSE100 (UK),
S&P 500 (US) and MEXBOL (Mexico).



NN Investment strategies
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Financial
Crises - a
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perspective

W R Craceel @ We consider dynamic strategies of the form

This time is Ac(t) = F1B(t) + F2C(t) + F3S5(t)

The signals Ae(t) - G]_B(t) + G2 C(t) + G35(t)

approach

pongterm where B(t), C(t), S(t) are transformed (i.e weighted sums
et lasses or filtered changes) of the aggregate indicators for

s banking, currency, and stock market crises.

Results

Conclusions e For Simp“City we take F3 =G =G, =0, F; >0, F, <0

and Gz = G < 0.
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I Transformations on aggregate indicators

e For an aggregate indicator /(t) := /3 for crisis a and
country i, we first obtain a filtered series by applying a
moving average with window k;

k1
1(6) = MAGK){I}(E) = g 1t =)
j=0

o We then take the changes Al(t) = I(t) :7(t —1) and
their moving average A(t) = MA(k2){Al}(t).

Next we take a weighted sum of past values for A(t)

(uniform between 9 and 18 months prior to t for banking

and crises; peaked at 12 months prior to t for stock

market crises).

o Finally we normalize by the maximum value over T.

@ The results are denoted B(t), C(t) and S(t).
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Figure: Raw aggregate indicator /(t) (green) for stock market crisis

in France and its moving average /(t) (red).
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Figure: Change in filtered indicator A/(t) (green) for stock market

crisis in France and its moving average A(t) (red).
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Figure: Tranformed indicators for banking B(t) (red), currency C(t)
(green), and stock market crisis S(t) (blue) in France.
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ot Using Cmax = 0.75 and epmax = 0.5 we obtained the following
M. R Grasseli  Parameters for optimal return from 1990 to 2013:

W Banking Currency Stock
Tl Ko | kb | A\ K| kS| R | k| k5| G
L""ghm France |22 | 5 | 1 | 1 |1 [-14|15] 3 |-04
Investment UK 3 2 5 1 1 |-27123]11|-0.3
US [23] 5 [22]20[17[-30[24] 2 |-01
indcator Mexico | 22 | 20 | 10 | 23 | 20 | -18 | 14 | 14 | -0.5

Conclusions

Table: Parameters for different countries (note: T ommited).
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Figure: Portfolio value for full strategy (red), constant cash (green),
constant equity (black), and benchmark (blue).



NN Results US - in sample

MAC

Understanding
Financial
Crises - a
statistical
perspective

M. R. Grasselli mr

This time is
different

The signals
approach

Long-term
Investment
Asset classes
and strategies

Transformed
indicators

Results

Conclusions

o 1 L
= 655 700

L L
2005 010

Figure: Portfolio value for full strategy (red), constant cash (green),
constant equity (black), and benchmark (blue).
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Figure: Portfolio value for full strategy (red), constant cash (green),

constant equity (black), and benchmark (blue).
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S Benchmark | Full strategy
is time is

B France 6.54% 10.99%

The signals US 690% 925%

approach 0 0

S UK 8.85% 10.63%

Investment Mexico 6.44% 12.18%

and strategies

lansiounsd Table: Average annualized returns.

Results

Conclusions
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Figure: Perturbations (£ 2 units) in moving average parameters for
stock market indicator in France.
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Figure: Perturbations (£ 2 units) in moving average parameters for
banking indicator in France.
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Figure: Stock market index and equity allocation in France.
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Figure: Portfolio value for full strategy (red) and benchmark (blue)
using 1990-2000 as training period.
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Figure: Portfolio value for full strategy (red) and benchmark (blue)
using 1995-2003 as training period.
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Figure: Portfolio value for full strategy (red) and benchmark (blue)
using 1990-2000 as training period.



INN Results UK - out of sample (2000-2011)

MAC

Understanding
Financial
Crises - a
statistical
perspective

M. R. Grasselli

This time is
different

The signals
approach

Long-term
Investment
Asset classes
and strategies

Transformed
indicators

Results

Conclusions oo .
2000 2005

L
2010

Figure: Portfolio value for full strategy (red) and benchmark (blue)
using 1990-2000 as training period.
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NN\ Summary of Results - out of sample

Benchmark | Full strategy
France (2000-2011) 4.04% 5.64%
France (2003-2011) 4.98% 8.97%
US (2000-2011) 4.44% 5.54%
UK (2000-2011) 3.38% 3.05%

Table: Average annualized returns.
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Figure: Stock market index and equity allocation in France for
in-sample parameters (red) and out-of-sample parameters (green).



N\ Summary of Results

MAC

Understanding

Financial
cnandt . )
e @ Databases available on dropbox:
perspective ) )
@ crises for 70 countries and 200 years.
M. R. Grasselli . . . .
@ annual indicators for banking and currency crises for 70
This time is countries from 1970.
diffe t . . . .
o © monthly indicators for banking and currency crises for 22
The signals .
approach countries from 1960.
Long-term © monthly indicators for stock market crises for 46 countries
Investment from 1960.
Conclusions

@ Signals approach implemented on the databases above.

@ Construction of aggregate indicators weighted by
performance.

o Use of aggregate indicators in long-term investment
strategies for select countries.
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Conclusions

Perspectives

Successful integration of macroeconomic signals in tactical
allocation.

In-sample backtesting of optimal strategy shows up to 5%
increase in average annual returns in France.

Out-of-sample testing shows that the strategy can achieve
between 1.5% and 3% increase in average annual returns
in France, depending on the choice of training period.

Results for UK and US are less promising, probably due to
higher degree of financialization.



N\ Future work

MAC

Understanding
Financial
Crises - a
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M. R. Grasselli
e Establish best practices for calibration (optimal

e time is parameters, training period, etc) to improve robustness of
the strategy.

The signals
approach .
@ Extend tests to other countries.
Long-term
fnvestment @ Extend model to incorporate multi-country investment.
Conclusions

@ Incorporate market signals (volatility, price-to-earnings,
etc) as indicators.
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