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Motivation

AApplying complexity theory to financial markets
Aassuming the financial system behaves like an eco-system

ADetect critical transitions in interest rates
A money market (floor system)
Abond market (safety trap)

ALink those regime changes to excess liquidity



Complexity theory

(A) Original stability landscape
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Complexity indicators (1)

AlLiterature on complex systems identifies key early
warning indicators (eg Scheffer et al., 2009)
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Complexity indicators (2)
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Literature

ADynamics of system near tipping point have generic
properties (Scheffer et al., 2009)

AGuttal et al. (2016) and Diks et al. (2015) use complexity
Indicators to detect critical transitions in equity prices

AQuax et al. (2013) find early warning properties in interest
rates swaps, prior to collapse of Lehman in 2008

AThese studies use complexity indicators to detect financial
crises, without explicitly linking these to changes in
external (market) conditions
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Approach

Alncreased excess liquidity is change in external conditions
that has fundamentally altered the financial system

Excess liquidity in euro area
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Market functioning

Trading volume interbank market
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Risk of critical transition

ASubstitution private market activities with central bank
liquidity has weakened the resilience of financial system

AMarket functioning depends on excess liquidity and so
have become more vulnerable to (small) shocks, e.g.
adjustment of monetary policy

AFeedback effects, following from reactions by investors,
may exacerbate shock effects

Alnterest rates resemble the state variable, indicating both
the gradual change of the system before bifurcation and
the critical transition beyond that point



Floor system in money market

Money market rates EONIA margiand excess liquidity
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Safety trap in bond market

Yield on safe assst AAA ratemarginand excess liquidity
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Markov switching
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Link with excess liquidity

Estimation output for money marke Estimation output for safe asset market
Markov switching regression (2 regimes, switching in mean) Markov switching regression (2 regimes, switching in mean)
Dependent variable is difference between EONIA rate and deposit rate (DFR) Dependent variable is difference between AAA govt bond rate and deposit rate
sample period 2006-2010 (daily observations) sample period 2011-2016 (daily observations)
EONIA - DFR EONIA - DFR AAA - DFR AAA - DFR
Coeff. sign. Coeff. sign. Coeff. sign. Coeff. sign.
constant (1) 0.48 *=* 0.69 *** constant (1) -0.23  w* -0.13  **
constant (2) 0.80 *=* 1.02 constant (2) -0.09 *+* 0.02
EONIA - DRR 0.88 0.85 ¥ AAA - DFR 0.86 ** 0.84 *=*
EONIA - DRR 0.11 *= 0.08 ** AAA - DFR 0.12 %= 0.13 *=*
Excess liquidity -0.11  w* Excess liquidity -0.00 **
Pi1 0.94 0.93 Py 0.98 0.98
P2 0.95 0.95 P2 0.99 0.99
number of obs. 1074 1072 number of obs. 1417 1225
AIC -2.40 -2.40 AlC -4.69 -4.70
SIC -2.37 -2.39 SIC -4.67 -4.67

> Excess liquidity is 10 days moving average of ratio excess liquidity / EONIA trading volume * Excess liquidity is 10 days moving average of ratio excess liquidity / EONIA trading volun

*xx % % denote p-values less than or equal to 1%, 5%, 10%, respectively. *xx % * denote p-values less than or equal to 1%, 5%, 10%, respectively.



AMoney market: [ EONIAT DFR]< 10 bp
ABond market: [DFR T AAArate]< 0 bp
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Early warning signals

A1St moment of indicator: level exceeds 5% tail of
distribution 100 days preceding critical transition

A2"d moment of indicator: significant trend 100 days before
critical transition

A Kendall rank correlation (K-r), measuring the concordance between
Indicator and time

A Strong downward trend if K-r  -B upward trend if K-r  +4&



Signals of slowdown

ASignificant slowdown according to level of indicator
ASlowdown in trend indicator in money market

Sowdown money market
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Signals of autocorrelation

ABoth the 1st and 2" moments of indicator emit significant

signals

Autocorrelation money market
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Signals of variance

AMixed signals for money and safe asset markets
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Signals of skewness and flickering
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A i Zm-
Quality of signals (1)

Table 1 Slowdowr¥ Autocorr  Variance Skewness lickEring
EONIA rate Z DFR

Type lerror 0.87 0.95 0.97 0.93 0.84
Type 2error 0.08 0.05 0.06 0.04 0.00
AAArate 7 DFR

Type lerror 0.84 0.85 0.83 0.87 0.87
Type 2error 0.07 0.01 0.01 0.02 0.02

* For the dowdown indicator a low value implies arelevant early warning signal; for the other
indicators a highvalue implies arelevant early warning signal(relevant in the sense that they are
issued within a horizon of 100 days before a tipping point).

Note: Critical transition in money market assumed i EONIAZDFR < 10 bp. Gritical transition in
safe asset market assumed (RAA ratez DFR) < 0.Type 1 aror: (number of missed signals 100 dgs
before critical transition / total number of critical transition s). Type 2 error: (humber of false signals
100 days beforecritical transition / days without critical transition ), taking into account the full
sampleperiod 2005-2016.



Quality of signals (2)

A. Switch to floor system in money market

Slowdown (decay)
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Note: Area under the receiver operating characteristic curve (AUROC) adotigy(yed line), Horizo
days before tipping point in money market (1 July 2009). Dashed lines: 9B#%ecae intervals.

100 80

Horizon

B. Switch tosafety trap bondmarket
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Slowdown money markt
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Link to excess liquidity (1)

Slowdown safe asset market
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Link to excess liquidity (2)

Skewness money market Skewnessafe asset market
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