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Abstract

We propose a comprehensive indicator able to measure systemic risk at a global level. The
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interaction of the indicator with monetary policy decisions employed by the FED and the ECB.

There is evidence that expansionary decisions adopted by the FED were led by riskiness of the
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1. Introduction

This paper has two main objectives. First, we propose a comprehensive indicator able to

measure systemic risk at a global level; second, we focus our analysis on the interaction of

the indicator with policy decisions employed by the FED and the ECB during the crisis.

Measuring systemic risk. The 2007-2009 crisis originated in the market of mortgage-

backed-securities and spread rapidly across the credit market and then to the overall capital

market with a severe impact on the solidity of the international banking system. The e¤ects

of the crisis on the real economy are still to be fully understood. The current European

sovereign debt crisis is just the last of a series of systemic events whose market depth and

persistence have questioned the much celebrated markets�self-regulatory power as well as

the overall ability of policy makers and regulators to adopt overall stability measures and

stimulate economic growth.

Just as in 2007-09, the current �nancial crisis demonstrates that systemic risk spreads

globally across markets and institutions. Funding di¢ culties in one market/country can spill

over to other markets/countries via internationally active institutions, and the tail risk in

�nancial markets can be transmitted across the world.

There are several methodological approaches to measure systemic risk. A �rst line of

research focuses on the international banking system, the systemic event is induced by severe

disequilibria within the banking sector: Lehar (2005), Adrian and Brunnermeier (2011), and

Zambrana (2010) adopt standard risk management techniques to assess banks�credit risk

exposure and capital de�cits resulting into a systemic crisis; Mart¬nez-Jaramillo et al. (2010)

and Billio et al. (2010) focus on the interbank market to analyze disequilibria with a potential

systemic e¤ect; Bartram et al. (2007) benchmark three di¤erent methods to quantify the risk

of a systemic failure in the global banking system; Huang et al. (2009) measures systemic

risk by estimating the cost of insuring a hypothetical portfolio containing debt instruments

issued by the 12 major U.S banks; Huang et al. (2011) extend the previous work to 19
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large US bank holding companies again within a structural credit risk framework based

on correlated �nancial and economic variables (such as FED Funds Rates, market returns

and volatility); Giglio (2011) focuses on the �nancial sector including American as well as

European �nancial institutions now relying on bond prices as well as credit default swaps

explicitly measuring the market assessment of those institutions�default likelihood.

Another stream of contributions focuses on global (rather than limited to the �nancial

sector) market dynamics as primary source of �nancial instability. In this case, market

information needs to be framed within a more general methodological approach. The inter-

national banking sector remains central to the analysis, but global banks�weakness may not

be su¢ cient to induce a systemic event.

The Global Systemic Indicator proposed by Sullivan et al. (2010) considers 5 markets

(US equity, non-US equity, �xed income, high yield and real estate) and de�nes a systemic

event as the simultaneous fall of the returns of (at least) 3 markets, below their 5th percentile.

Their systemic risk indicator is given by the probability of the systemic event to occur, as

generated by a logistic model. Interestingly, the authors map into a binary risk indicator dy-

namics generated in the option market (through the VIX Index), the credit market (through

the AAA spread over the 10 year Treasury rate) and money market (through the spread be-

tween T-bill and Eurodollar futures rates). However, the resulting indicator appears di¢ cult

to be interpreted and highly volatile. In addition, the authors analyze key relations between

a set of �nancial variables but the analysis is limited to the US �nancial market thus ignoring

the real side of the economy. The joint treatment of �nancial markets�and economic cycle�s

information to assess systemic risk appears a requirement for policy makers and global insti-

tutions: the 2007-2009 crisis, just as more recent events, shows the limits of risk models for

the �nancial crisis neglecting the economic cycle. Indeed the pro-cyclicality of international

capital standards has been called upon (Allen and Saunders, 2003) to explain the crisis�

depth. The link with the real economy is paramount to assess systemic risk, and thus in our
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paper we propose a systemic risk indicator which includes macroeconomic variables able to

capture the overall (�nancial and economic system) impact of systemic risk. In the same

spirit is the paper by De Nicolò and Lucchetta (2011) who propose a modeling framework

leading to distinct forecasts for a �nancial and a real systemic indicator. Also inspired by

the G10 systemic risk de�nition, the authors propose a real measure of systemic risk such

as the GDP-at-risk de�ned as �the worst predicted realization of quarterly growth in real

GDP at 5% probability�, while a �nancial risk measure is proposed through the �nancial

system-at-risk (FSaR), de�ned as "the 5% worst predicted realization of market-adjusted

returns for a large portfolio". Though inspired by the same systemic risk de�nition, rather

than proposing two separate indicators, in our paper we propose a global measure of systemic

risk.

A comprehensive approach to systemic risk assessment is also proposed by Schwaab et

al. (2011) who adopt a dynamic state-space model to determine forward crises indicators

with underlying macro-�nancial and credit risk variables. Here macroeconomic variables are

introduced to explain the time dynamics of expected default frequencies in US and Europe.

The information structure is very rich and the authors propose a �nancial distress indicator

based on early warning signals, thus also partially forward looking. More importantly, the

authors focus on joint global economic and �nancial movements to qualify the systemic

assessment and translate such information into a risk indicator de�ned in the [0; 1] set, thus

interpretable as a probability measure. Similarly in our paper, an extended information basis

is maintained, capturing systemic events at an international level and a risk indicator with

similar statistical properties is derived. The de�nition of systemic risk adopted by Schwaab

et al. (2011) is based on a simultaneous failure of a large number of �nancial intermediaries,

and the estimation procedure identi�es multiple systemic risk indicators, directly referred to

the �nancial sector only. On the contrary, the indicator we propose is more comprehensive

as it can be considered a global risk factor.



A systemic risk indicator and monetary policy 5

Monetary policy decisions adopted by the FED and the ECB during the

crisis. The other main aim that inspired our work in proposing a global risk indicator is

the possibility to evaluate the reactions of monetary policy makers during crises. Building

a leading indicator able to guide monetary policy in preventing systemic instability is very

timely (Trichet, 2009). The de�nition of a global risk indicator allows us to test, through

an extension of the Taylor rule (Taylor, 1993), the relationship between systemic risk and

monetary interventions by the Federal Reserve and the European Central Bank since 1995

and 1999 respectively. We follow up from an early work by Hayford and Malliaris (2005),

who investigated the reaction of the FED to the late �90 stock market bubble by extending

the Taylor rule to include a measure of overvaluation of the American stock market. Gnan

and Cuaresma (2008) provide an estimate for the 4 major Central Banks (the ECB, the FED,

the Bank of Japan and the Bank of England) of the Taylor Rule augmented by a �nancial

instability variable, namely the equity return volatility for each of the area considered. The

empirical estimates allow authors to conclude for the presence of relevant di¤erences in the

elasticity of interest rates to �nancial instability. In our paper, we aim to understand how

Central Bankers react to a shift in the riskiness of the system and to this purpose we extend

the relation proposed in Gnan and Cuaresma (2008) by including the proposed systemic

risk indicator as well as by considering in the sample the period of the recent �nancial

crisis. Thus, the application developed in this study adds to previous works the analysis of

monetary responses to a common systemic risk threat, being the indicator constructed from

international data.

The main �ndings in this paper can be summarized as follows. Based upon the 1995-

2011 crisis events, the global systemic risk indicator we propose is able to interpret the recent

�nancial history. Further, the empirical investigation on the interaction of the indicator with

monetary policy shows that expansionary decisions adopted by the FED in recent years were

also led by riskiness of the system. On the contrary, there is evidence that ECB showed some
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reluctance to give up its role in maintaining price stability, except during the recent period

of economic and �nancial instability.

The remainder of the paper is organized as follows. In Section 2., we describe the method-

ology behind the construction of the systemic risk indicator, and we report an empirical

application to show the capability of the proposed indicator to capture the crisis events over

the period 1995-2011. Section 3. reports an empirical investigation on the interaction of the

indicator with monetary policy decisions employed by the FED and the ECB during the

crisis. Section 4. concludes.

2. Systemic risk indicator

In this section, we introduce the risk indicator able to provide a quarterly measure of the

global riskiness in the economic and �nancial system. First, the indicator can be regarded

as a mapping from a set of exogenous economic and �nancial variables to a risk measure in

the (0; 1) space, with 0 indicating absence of systemic risk and 1 maximum systemic risk.

The indicator is calibrated to exploit the rich history of events observed over the period

1995-2011. By introducing a �ltered average systemic risk �uctuation, time-varying positive

and negative deviations from such average are considered and monetary interventions are

related to those deviations. A logistic model is adopted to link this indicator to a set of

explanatory variables selected on the basis of the de�nition of systemic risk provided by the

o¢ cial documentation of the G10 Report on Consolidation in the Financial Sector (G10,

2001, p.126):

De�nition 1 (Systemic Financial Risk) Systemic �nancial risk is the risk that an event

will trigger a loss of economic value or con�dence in, and attendant increases in uncertainly

about, a substantial portion of the �nancial system that is serious enough to quite probably

have signi�cant adverse e¤ects on the real economy.
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The proposed indicator is based on wide coverage of the data in respect of di¤erent

asset classes and geographical areas considered, with data referred to daily quotes for a wide

de�nition of the �nancial system including equity, �xed income and commodity markets (for

details see Section 2.3.). To measure the economic loss that may occur in �nancial markets,

a risk appetite index is constructed following the methodology used by Credit Swiss First

Boston (CSFB) as described in Wilmot et al. (2004). There is a stream of the literature

that shows that risk appetite measures have a very high ability in explaining �nancial market

movements, including systemic instabilities (Kumar and Persaud, 2002; Bandopadhyaya and

Jones, 2006). Extending the market coverage, market instability is related to a homogeneous

fall of �nancial market risk premiums, which denotes a relevant out�ow of �nancial resources

from the markets. Taking this view, low systemic risk is characterized by the presence of

positive risk premiums and diversi�cation among markets, with in�ows and out�ows from a

market to another. As for the measure of the uncertainty in �nancial markets, the average

discrepancy of the volatilities from their long-term value is considered to capture positive and

negative deviations from long-term benchmark. Such approach is also consistent with the

risk appetite methodology. The risk indicator is an increasing function of positive deviations

from the market-speci�c long-term volatility. Finally, in order to keep track of the real

economy conditions of the system (adverse e¤ects on the real economy), the output gap of a

set of countries is considered, so that a wide geographic area is covered.

From a methodological viewpoint, the introduction of several time-varying gap measures

for �nancial markets�dynamics and the economic cycle allows the de�nition of a systemic

risk indicator with cyclical features. Such property allows an endogenous and normalized

characterization of systemic risk relevant for economic agents and policy makers alike. As

a robustness check of our conclusions on the relationship between monetary policy and

systemic risk, several alternative models are tested, taking into account the presence of

structural breaks, which is tested following Doornik (2009) and Castle et al. (2011).
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Let � 2 (0; 1) denote the systemic risk, where � ! 0+ indicates vanishing systemic risk,

while � ! 1� corresponds to systemic risk approaching its maximum. The indicator is

de�ned as a logistic transform:

� �
"
1 + exp

 
��0 � �1

KX
k=1

k ~X�;k

!#�1
(1)

where ~X 2 RT�K is the normalized version of the matrix X 2 RT�K of explanatory

variables, such that:

~X �
�
~Xt;k

���E� ~Xt;k

�
= 0;E

�
~Xt;k

�2
= 1;8k

�
(2)

where t = 1; :::; T is the sample period and k = 1; :::; K the number of the explanatory

variables. The coe¢ cient vectors � � [�0 �1]0 and  � [1 : : : K ]0 have to be estimated.

There are two main issues to cover, namely the choice of the variables in X and the

estimation procedure to get estimates of � and .

2.1. The choice of the relevant variables

In this section, we provide a description of the variables in X as de�ned in (1). Our

presentation develops as if the data set used is at quarterly frequency.

Let us �rst focus on risk appetite index. Suppose we have i = 1; :::; I markets for a

certain number of quarters t = 1; : : : ; T and a benchmark index for each of them. Let �i;t

and �i;t be the average and the standard deviation of the returns for index i during quarter

t, respectively. Then, for each quarter, the following regression is estimated:

�i;t = ct + �t�i;t + "i;t (3)

where by construction we set ct = 0. The slope �t and the determination coe¢ cient R2t

of the regression above are inputs to the systemic risk index.

Following (3), increasing systemic risk over time is captured by a decreasing and negative

estimate for �t, corresponding to negative risk premiums and an out�ow of �nancial resources
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from the markets at time t. The higher R2t , the stronger the markets�investments out�ow.

On the other hand, a situation of low systemic risk is characterized by the presence of positive

risk premiums and diversi�cation among markets, with in�ows and out�ows. This situation

is likely to correspond to a positive estimate of �t and a very low R2t . Hence, the systemic

risk indicator is a decreasing function of �t and an increasing function of R2t .

To measure the uncertainty in �nancial markets, let us de�ne the average percent devi-

ation of the volatilities from their long-term value �LTi :

st �
1

I

IX
i=1

�i;t � �LTi
�LTi

(4)

where �LTi with i = 1; : : : ; I are the full-sample standard deviations of the returns on

the i-th index. The systemic risk indicator is an increasing function of st, as increasing

volatilities over their long term values are directly associated with �nancial instability.

In order to monitor the real economy conditions of the system, the time series of the

output gap is considered for several countries, covering a wide geographic area. The output

gap y�;j for country j with j = 1; : : : ; J is estimated as the percentage logarithmic deviation

of the actual GDP from the potential GDP:

yt;j � 100(gt;j � g�t;j) (5)

where gt;j is the logarithm of the actual GDP for the j-th country, while g�t;j is the

logarithm of the potential GDP. The potential GDP is computed applying a univariate

Hodrick-Prescott (1997, HP henceforth) �lter to the logarithm of the original series of the

GDP with smoothing parameter �HP set to 1600, consistent with the relevant literature on

this topic, as for instance in Ravn and Uhlig (2002). This method is less accurate than

the production function approach (Arnold, 2004), but it is less costly from a computational

point of view and it is still reliable for our purposes. The systemic risk indicator is expected

to be a decreasing function of y�;j with j = 1; : : : ; J .
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To summarize, the relevant variables in the matrixX and the expected sign of the relation

between each of them and � is:

X �
"
�
(�)

R2
(+)

s
(+)

y�;1
(�)

: : : y�;J
(�)

#
(6)

2.2. Parameters estimation

Once that the variables of interest are identi�ed, the systemic risk indicator (1) can be

obtained if we have an estimation of the vector parameters � and . In (1), we �rst get ,

estimated via discriminant analysis, then � is derived.

We discriminate between high and low systemic risk regimes within the sample, by iden-

tifying explanatory variables�extreme observations and then splitting them into two subsets,

one for high systemic risk conditions and the other for low risk. Let v 2 RK be a threshold

vector de�ned by:

v �
�
0 �R2 �s 0 : : : 0

�0
(7)

where �R2 and �s are the 50-th constant percentiles of R2t and st respectively. A natural

choice of the threshold for �t and yt;j is 0, having these variables an immediate �nancial and

economic interpretation. Now, let �+ and �� identify the extreme high and low systemic

risk observation sets, de�ned as:

�+ � ftjXt;k > vk;8kg and �� � ftjXt;k < vk;8kg (8)

leading to the subsets of normalized explanatory variables:

~X+ �
n
~Xt;�jt 2 �+

o
and ~X� �

n
~Xt;�jt 2 ��

o
: (9)

In a multidimensional space, the normalized positive deviations from the mean is achieved

by introducing the sets centroids of the sets ~X+ and ~X�:

c
~X+
k �

1

j�+j
X
t2�+

~Xt;k and c
~X�
k �

1

j��j
X
t2��

~Xt;k (10)
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with c
~X+0 and c

~X�0 being column vectors, elements of RK .  2 RK is estimated by

solving the following optimization problem:

min
2RK

� P
t2�+

���c ~X+ � ~Xt;�
���+ P

t2��

���c ~X� � ~Xt;�
����

s.t. 10 = 1

k � �k 8k = 1; : : : ; K

(11)

where �k is a lower bound on k. Problem (11) can be rewritten as a linear programming

problem by introducing a set of auxiliary variables, one for each observation in the sets �+

and ��:

min
2RK

� P
t2�+

z+t +
P
t2��

z�t

�
s.t. 10 = 1

�z+t < c
~X+ � ~Xt;� < z+t 8t 2 �+

�z�t < c
~X� � ~Xt;� < z�t 8t 2 ��

k � �k 8k = 1; : : : ; K

z+t � 0 8t 2 �+

z�t � 0 8t 2 ��

(12)

The implementation of this procedure provides us with ̂, an estimate of .

The estimates of �0 and �1 are derived as follows. Let ~X
�
̂ and ~X

+
̂ be two representative

percentiles of the linear combination ~X̂, say the 100p+-th and the 100p�-th percentiles. A

natural choice for p+ and p� is:

p� � j��j=T
2

(13)

p+ � 1� j�
+j=T
2

(14)

Then the estimates of �0 and �1 are obtained by solving the following system of equations:8><>: �
�
�j ~X�

̂

�
= p�

�
�
�j ~X+

̂

�
= p+

(15)
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which can be linearized as:8><>: �0 + �1 ~X
�
̂ = � ln

h
(p�)

�1 � 1
i

�0 + �1 ~X
+
̂ = � ln

h
(p+)

�1 � 1
i (16)

Since ~X�
̂ 6= ~X+

̂ by construction, the system has always a unique solution �̂.

We have now ~X, ̂ and �̂, and thus the in-sample time series for � can be constructed

according to (1).

The procedure has several interesting features. Firstly, it is based on the probability space

partition of the historical distribution of the explanatory variables. As such, the assessment

accuracy of the systemic risk indicator increases with time. Secondly, a high systemic risk

measure can only be achieved if �nancial and commodity markets are jointly falling, the

average historic volatility is high and the economic cycle of the major world economic areas

is negative. Any deviation from the worst case percentiles of either underlying variables

decreases the value of the risk indicator. Thirdly, �nancial instability phenomena originating

within the �nancial sector and thus resulting into heavy market losses of �nancial securities

impacts the overall systemic risk assessment only if they determine broader market turmoil

and an economic downturn. Fourthly, high and low systemic risk conditions are discriminated

with respect to endogenous time-varying average values which lead to a mean-reverting

behavior of the relevant explanatory variables and the risk indicator. Finally, no causality

e¤ect is considered a-priori from �nancial markets into the real economy, nor vice-versa.

2.3. Evaluating the capability of the indicator to capture the crisis events over 1995-2011

In this section, we describe the procedure to estimate the indicator proposed above using

17 years of data spanning from 1995:1 to 2011:4 (T = 68). The systemic risk indicator is

estimated using daily quotes of 21 benchmark indices for the following asset classes: equity,

bond, corporate, money market and commodity, covering the following geographical areas:

United States, Euro Area, United Kingdom, Japan, Emerging Countries. Furthermore, the
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GDP of these geographical areas is considered. Details about these two data-sets are reported

in Tabs. 1 and 2.

[Tabs. 1-2 about here]

The estimates for �, R2 and s are plotted in Fig. 1, while the normalized output gap

indices are reported in Fig. 2.

[Figs. 1-2 about here]

In Fig. 1, one can see � (top panel of the �gure) falls during instability periods of the

recent �nancial history, such as the Asian Crisis, the period around September 2001 and the

2007-2009 economic and �nancial downturn. It is worth noticing that for the last two cases a

peaking R2 can be also observed, witnessing a homogeneous out�ow from �nancial markets.

s has a remarkable peak between end 2008 and before 2009, revealing that in that period, in

a context of high degree of uncertainty, the volatilities in �nancial markets were on average

50% higher than the historical ones.

Fig. 2 shows the high correlation between the economic cycles especially during 2008.

One can clearly notice the jump of the Japanese economy just before the Asian Crisis and

the expansionary trace followed by the United States in the late �90s.

In order to estimate the parameters according to the methodology in Section 2.2., the

observations integrating our de�nition of �+ and �� have to be found. Not surprisingly the

observations in �+ are: 2008:4, 2009:1 and 2009:2, while those in �� are: 2006:3, 2006:4 and

2007:4. The period between 2008 and 2009 can be thought as the most relevant in terms of

systemic risk out of the previous 15 years.

The second half of 2006 has been detected as a period of very low systemic risk: that

period was characterized by a positive macroeconomic status as well as by the presence of a

positive risk premium in the markets. In the last quarter of the 2007, the �rst e¤ects of the

subprime crisis hit the North American market inducing, still in a positive macroeconomic
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context, an out�ow towards �xed income securities. The subprime crisis was at the time a

US phenomenon, not yet a¤ecting the overall system and the systemic risk indicator.

The derivation of the systemic risk indicator requires as inputs the estimated � and 

coe¢ cients. The linear programming in (12) is �rst solved, setting the lower bounds for the

parameters as follows:

� � 1

2

�
1

6

1

6

1

6

1

6

1

6

1

18

1

18

1

18

�0
(17)

This choice corresponds to the case of one half of a even weighting of the variables, in

which the lower bounds on the coe¢ cients referred to the UK, Japan and Emerging Market

cyclical indicators are constrained to be one third of the Euro Area and US coe¢ cients.

By solving the linear programming in (12) and the linear system in (16), we get the

estimates:

̂ = [:478 :083 :189 :083 :083 :028 :028 :028]0 (18)

�̂ = [�1:415 2:637]0 (19)

The solution of the optimization problem to estimate  assigns a higher weight to �nancial

variables, and in particular to � and s, to allow the indicator to embody di¤erent systemic

risk scenarios (see also Fig. 1). Fig. 3 reports the systemic risk indicator that we obtain.

[Fig. 3 about here]

Alternative speci�cations of the bounds, �, are also considered. In particular, we also

re-estimated the model by specifying either � = 0 or, without imposing any bounds, �k =

�1,8k . For both cases, the predominance of the �nancial variables, especially of � and s;

is preserved; however, the estimates of the parameters for the cyclical indicators show some

degree of variability mainly due to the high collinearity of the cyclical indicators, as can be

seen in Fig. 2. The robustness check showed that the systemic risk indicator is not a¤ected

by the alternative bounds adopted, just as una¤ected are the dates corresponding to �+ and

��.
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2.4. A dynamic equilibrium value and the recent �nancial history

Given the estimated systemic risk indicator �t, we want to determine a smooth and

time-varying fundamental equilibrium value for it. This allows us to discriminate between

positive and negative deviations of the time-t estimate �t from its long-term trend, which

will be denoted as ��t , being an input to the empirical analysis of the monetary response to

systemic risk.

Consider the following exponential weighted moving average with decay factor �:

��t � ��
�
t + �T�t+1(��

� � ���t ) (20)

where ��
�
t is the trend component of the systemic risk indicator time series, detected using

the HP �lter (with smoothing parameter set equal to 1600), while ��� is de�ned as the value

of �t conditional on Xt;� = ~v, the normalized threshold vector v. � is chosen in the interval

[0; 1] so that �T = �, with � small positive value, set here equal to 10�6. According to (20),

��t can be thought as an application of the HP �lter to the indicator original series, with an

end-of-sample-problem correction given by the term (��
� � ���t ), that receives an increasing

weight as the end of the sample is approached. For more details on this aspect, see Arnold

(2004).

In Fig. 3, we plot the systemic risk indicator and its equilibrium value ��, shadowing the

periods in which the indicator lies above its equilibrium value and highlighting the relevant

stylised facts a¤ecting global �nancial systems.

The indicator peaks during the �nancial-economic instability periods of the last 17 years.

Neglecting the �rst part of the sample, corresponding to a recovery period for which a

historically moderate level for the indicator is observed, there are 3 periods in which � is

over its equilibrium value, which are: 1998:2 - 1999:2, 2001:1 - 2003:2 and 2008:3 - 2009:3.

The identi�cation of each period listed above has an immediate economic interpretation.

The �rst is associated to the panic that spreads out immediately after the default on the

Russian debt in August 1998; the second corresponds to the economic and �nancial slowdown
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of the early 2000, further deteriorated by the events of 9/11. The third identi�ed period

corresponds to the recent economic and �nancial downturn. The indicator crosses from

below ��t during the third quarter of 2008
1 (corresponding to the default of Lehman Brothers

in September 2008) and stayed over it till 2009:3, being the end of 2008 characterized by high

market volatility and the begin of 2009 by a fragile macroeconomic context and uncertainty

about the recovery. By the end of 2009, the indicator falls below its equilibrium value

as a consequence of the temporary recovery of the �nancial markets and the improvement

of macroeconomic fundamentals especially in USA. However, in the �rst semester of 2010

and more markedly towards the end of 2011, the indicator shows a tendency to approach

again its equilibrium value: this corresponds to when di¢ culties on the sovereign debt crisis

experienced by peripheral European countries become apparent, spreading throughout the

Euro Area and ultimately a¤ecting the whole system.

3. Monetary policy and systemic risk

In this section, we report an empirical analysis on the interactions between systemic

events and monetary policy decisions by the FED and the ECB.

We expand the Taylor rule to assess the sensitivity of the target interest rate to a systemic

factor to be added to the canonical in�ation rate and output gap variables. In principle,

under severe systemic instability, an easing of monetary policy is expected, coherently with

the mission statements of both Institutions. Indeed, the FED mission (FED, 1917) points

out, among its macro-areas of intervention, the aim of �maintaining the stability of the

�nancial system and containing systemic risk that may arise in �nancial markets�. On the

other hand, the main objective of the ECB is to maintain price stability and, in addition,

�Acting also as a leading �nancial authority, we aim to safeguard �nancial stability and

promote European �nancial integration�(ECB, 2011)

1The dynamics of the indicator described so far appear very close to the dynamics of the 1-year VaR of
the distribution of the defaults for the overall economy, as proposed by IMF (2009).
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In this paper, we evaluate the impact of systemic risk as an exogenous risk factor to both

FED and ECB.

It is widely recognized that the 2007-2009 crisis originated in the US and a¤ected the

Euro Area at a later stage primarily through the �nancial system. The current sovereign

debt crisis, however, also highlights the need of cooperative monetary e¤ort to ensure global

stability. Relying on the �ltered systemic risk behavior displayed in Fig. 3, periods of high

and low systemic risk are de�ned and monetary interventions under the two regimes are

tested.

3.1. Model formulation

To empirically test the previous arguments, let us consider:

i = f(�; y; �) (21)

where i is the target interest rate, � is the in�ation rate, y is the output gap and � is the

systemic risk indicator. We estimated both a cointegrated relationship and an equilibrium

correction model (ECM) respectively of the form:

it = �+ �t+  0Zt + �t (22)

�it = ! +

pX
l=1

�l�it�l +

pX
l=0

�0l�Zt�l + ��t�1 + ut (23)

where Zt � [�t yt �t] is a vector of explanatory variables, t represents a deterministic

trend, while �t and ut are white noise processes. We evaluate three alternative model spec-

i�cations. The �rst model (MS1) is estimated considering just in�ation and output gap as

explanatory variables, that is Zt � [�t yt], the second model (MS2) is estimated considering

also the systemic risk indicator as explanatory variable, that is Zt � [�t yt �t]. The �nal

model (MS3) is estimated distinguishing between the case in which the systemic risk indica-

tor is above its equilibrium value from the case in which it is not, that is Zt � [�t yt �+t ��t ],
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where:

�+t �

8><>: �t if �t � ��t

0 otherwise
(24)

��t �

8><>: �t if �t < ��t

0 otherwise
(25)

MS1 allows us to check whether the systemic indicator is indeed relevant for monetary

policy. MS2 is the benchmark. MS3 enables us to verify whether FED and ECB react

di¤erently to systemic risk, depending on the extent that � is above or below its equilibrium

value.

In the empirical application, the system (22)-(23) is estimated starting from generalized

unrestricted models (GUM) with p = 5 consistently with the empirical macroeconomic

literature. The GUMs are then reduced to parsimonious correctly speci�ed representations by

controlling for the presence of structural breaks, by means of AutometricsTM (Doornik, 2009;

Castle, Doornik, and Hendry, 2011), an automatic procedure for model selection available in

PcGiveTM .

We test for the presence of structural breaks by including in our model the following

dummies:

BM
j;t � Ift�jg (26)

BT
j;t � (t� j + 1)Ift�jg (27)

with j = 1; : : : ; T , date of the break, and where If�g is the indicatrix function. BM
j;t

and BT
j;t are designed to capture breaks in the mean and in the trend, accordingly. The

estimation using Autometrics is run �xing a restrictive target size of 1% for the model

selection procedure. The �nal selected model is then chosen using the Schwarz (SC), the

Hannan-Queen (HQ) and the Akaike (AIC) Information Criteria.
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3.2. Data description

The sample period for the FED model spans over 1995:1�2011:4, while for ECB over

1999:1�2011:4. As for the target interest rate, the quarterly average of the Fed Funds Rates

and the Euro OverNight Index Average (EONIA) are considered for the FED and the EBC,

respectively.

In the FED model, following Taylor (1993), Judd and Rudebusch (1998) and Hayford

and Malliaris (2005), we specify the in�ation rate as annualized 4-th order moving average

of the percentage rate of change of the GDP de�ator:

�t � 100

8<:
"
1 +

1

4

4X
i=1

�
Pt�i+1
Pt�i

� 1
�#4

� 1

9=; (28)

where Pt is the quarterly series of the GDP de�ator.

In�ation in the Euro Area is measured by the quarterly average of the one-year growth

rate of the Harmonized Index of Consumer Prices (HICP), as in Gerlach-Kristen (2003).

Following Hayford and Malliaris (2005), the Congressional Budget O¢ ce (CBO) estimate

of the potential GDP is used in the construction of the output gap for United States, while

for the Euro Area the estimate provided by the HP �lter is employed (see Section 2.1.).

Refer to Tab. 3 and Tab. 4 for the details on the data series. Descriptive statistics for

the time series employed in the estimations are reported in Tabs. 5-6, while the plot of the

series is in Figs. 4-5.

[Tabs. 3-6 about here.]

[Figs. 4-5 about here.]

From the graphical inspection of the series, there is evidence of di¤erent regimes a¤ecting

the interest rate series. In the case of the Fed Funds rates, the most notable turning points

in the monetary conditions were in early 2000, in mid-2004 and in the second part of 2007.

Similarly, for the ECB, we can distinguish phases of accommodating monetary policy, as
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in the period 2001�2005 and since late 2008 on, from periods characterized by restrictive

decisions. For both institutions, the reaction to the early-2000s slowdown and to the global

�nancial crisis 2007-2009 are immediately apparent.

In the following two sections we focus on the behavior of the FED and ECB, to explore

the di¤erences in the timing, the magnitude and the reasoning of their policy interventions.

3.3. Empirical results for the FED

We start our analysis by estimating the long-run relation as de�ned in (22). From the al-

ternative models, after the reduction with Autometrics we obtain the following parsimonious

speci�cation (standard errors are reported in parenthesis):

it = 4:738

(0:280)

� 0:073

(0:013)

t + 0:825

(0:106)

�t + 0:365

(0:044)

yt

� 1:155
(0:305)

BM
2001:3 + 2:240

(0:354)

BM
2009:2

� 0:140
(0:030)

BT
2001:2 + 0:602

(0:044)

BT
2004:4 � 0:650

(0:044)

BT
2007:2

(29)

The estimated parameters are statistically signi�cant and consistent with the economic

theory. Namely, the coe¢ cients of �t and yt are positive, implying a restrictive reaction

in case of rising in�ation and/or overheated economic growth. However, the coe¢ cient

associated to the GDP de�ator is not greater than 1 and thus it does not con�rm what

expected from the original formulation of the Taylor Rule. This may re�ect the choice of

the in�ation measure as highlighted by Hayford and Malliaris (2005).

Our estimates are stable to the change at the head of the Board of the FED in early 2006.

This has been tested by substituting in (22)  with  +  grB
M
2006:1 , where  gr, referring to

the Greenspan period, is not signi�cant.
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The long term decreasing trend is correctly detected by the trend component included

in the model. Notice how the detected breaks are consistent with the features outlined

in the Fig. 4. In particular, BT
2001:2; B

T
2004:4 and B

T
2007:2 capture the turning points in the

monetary conditions. Note that the systemic risk indicator does not appear in the long run

relationship. A comparison between the long run component and the actual data is proposed

in Fig. 6.

[Fig. 6 about here]

To test for the stability of the cointegration vector we employ a KPSS residual-based test

suitable for the presence of structural breaks, that takes the form:

T�2ŵ�2
TX
t=1

 
tX
j=1

�̂j

!2
(30)

where ŵ is a consistent estimate of the long run variance of f�tgt=1;:::;T . Following Mogliani

(2010), four alternatives are proposed for the kernel function employed in the estimation of

the long run variance. The results are reported in Tab. 7. Bootstrap and fast double

bootstrap p-values (Davidson et al., 2007) are provided. The four tests con�rm the stability

of the cointegrating vector (see Tab. 7).

[Tab. 7 about here]

In a second stage, the ECM formulation (23) is estimated, including the �rst di¤erence

of the detected breaks in (22). The inclusion of dummy variables on large residuals avoid

misspeci�cation problems for 2 model speci�cations out of the 3 considered. Namely, running

the standard misspeci�cation test to check for the presence of autocorrelation, heteroskedas-

ticity and normality of the residuals, there is evidence of no misspeci�cation in MS2 and

MS3, while the estimates for MS1 shows hetoroschedasticity in the residuals. We thus em-

ploy the SC, the HQ and the AIC jointly to choose between the correctly speci�ed alternative

formulations. MS3 is the preferred model as it can be seen in Tab. 8.
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[Tab. 8 about here]

The �nal selected model is:

�it = 0:014

(0:045)

+ 0:701

(0:086)

�it�1 � 0:337

(0:068)

�it�4

+ 0:316

(0:093)

�pt + 0:126

(0:054)

�yt � 0:197

(0:057)

�yt�1

� 0:827
(0:257)

��+t�1 � 1:192

(0:247)

��+t�5 � 0:711

(0:278)

���t�1

� 0:480
(0:082)

�̂t�1

� 0:204
(0:077)

�BT
2001:2 + 0:440

(0:110)

�BT
2004:4 � 0:329

(0:095)

�BT
2007:2

� 1:127
(0:264)

D2008:4

(31)

T = 62 R2 = 87:4% �̂ = 0:190

AR(4) = 0:237 ARCH(4) = 0:129 NORM = 0:902 HT = 0:040

where AR is the Breusch-Godfrey LM test for residual serial-correlation, ARCH is the

Engle test for the presence of ARCH e¤ects, NORM is the Doornik-Hansen test for normality

of residuals and HT is the White test for heteroscedasticity. P-values are reported.

All coe¢ cients but the constant are signi�cant at a 1% signi�cance level. The model

is correctly speci�ed and provides a good �tting of the data. Fig. 7 reports a comparison

between actual and equilibrium values.

[Fig. 7 about here]
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The error correction term �̂t�1 is statistically signi�cant and negative. The changes in the

US target rates are driven by an autoregressive component, changes in the cyclical indicator

and the in�ation rates, and the �rst di¤erence of the systemic indicator. In this setting, the

breaks detection captures the monetary regime shifting, while the indicator captures short

term reactions to increasing systemic risk.

Thus, there is evidence that the FED reacts to changes in systemic risk conditions,

which in�uence monetary decision up to lag 5. The coe¢ cients of the lagged ��t terms, as

expected, have negative sign since an increase in the riskiness of the system is likely to induce

an expansionary decision by the monetary authorities. The reaction is di¤erent depending

on whether the systemic risk is above or below its equilibrium value. This is supported by

both the dominance of MS3 on MS2 and by the magnitude of the coe¢ cients referred to

��+t�1 and ��
�
t�1.

3.4. Empirical results for the ECB

In this section, we focus on the model speci�cations for ECB, following the same strategy

as for the FED. Using the model reduction Autometrics, the estimation of the long-run

relationship is:

it = 3:191

(0:325)

� 0:393

(0:122)

t + 0:411

(0:087)

�t + 0:466

(0:026)

yt

� 1:259
(0:162)

BM
2001:4 � 0:618

(0:132)

BM
2003:3

+ 0:685

(0:146)

BT
1999:4 � 0:279

(0:037)

BT
2001:1 � 0:192

(0:016)

BT
2008:4

(32)

The estimated coe¢ cients are consistent with the economic theory and close to those in

the FED model. The magnitude of the in�ation elasticity is coherent with what estimated

in Gerlach and Lewis (2011). In this case too, the systemic indicator is not signi�cant in
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the long run, and the detected breaks are at well known turning points in the monetary

policy regimes. As in the FED case, the four KPSS residual-based tests employed con�rm

the stability of the cointegrating vector.

[Tab. 9 about here]

A comparison between the actual and the equilibrium term is reported in Fig. 8.

[Fig. 8 about here]

The ECM speci�cation (23) is then estimated. Based on the results of information criteria

reported in Tab. 10, MS3 is the selected model and it is reported below:

�it = 0:263

(0:098)

+ 0:374

(0:063)

�it�1

+ 0:295

(0:103)

��t � 0:518

(0:121)

��t�1 + 0:230

(0:112)

��t�3

+ 0:301

(0:054)

�yt + 0:101

(0:035)

�yt�5 � 0:685

(0:239)

��+t�1

� 0:616
(0:124)

�̂t�1

� 0:546
(0:149)

�BM
2001:4 � 0:466

(0:138)

�BM
2003:3 � 0:283

(0:103)

�BT
2001:1

(33)

T = 46 R2 = 93:5% �̂ = :117

AR(3) = 0:908 ARCH(4) = 0:586 NORM = 0:030 HT = 0:960

[Tab. 10 about here]
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The model is well speci�ed, the error correction term is statistically signi�cant and neg-

ative, and short run dynamics of the interest rates are governed by the in�ation, the cyclical

indicator, and the �rst di¤erence of the one-period lagged systemic risk indicator, when it

is above its equilibrium value. The relative coe¢ cient is negative, thus the ECB shows ev-

idence of reacting with easing monetary decisions to increasing systemic risk. Fig. 9 shows

a comparison between actual and �tted values.

[Fig. 9 about here]

There is clear evidence of the superiority of the model speci�cation MS3 for both the

Central Banks. In the next section, we evaluate how the FED and the ECB reacted to shifts

in the riskiness of the system.

3.5. Reactions to systemic instability

The aim of this section is to compare the reactions of the FED and the ECB to systemic

risk events. Relying on the estimated models in Section 3.3.-3.4., we quantify the magnitude

and analyze the timing of the policy decisions of the two Central Banks.

Let �Z�t;j with j = FED;ECB be the regressors referred to � in the FED and the ECB

model respectively.

In either the models, the null hypothesis that the residuals are normally distributed can

not be rejected, that is ût;j � N (0; �2jI). Hence, the estimated parameters are also normally

distributed:

�̂
�

j � N
�
��j ;���j

�
(34)

where ���j is the variance/covariance matrix of �
�
j , which in absence of misspeci�cation,

is consistently estimated as:

�̂��j
= �̂2j

�
�Z��;j

0�Z��;j

��1
(35)
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The estimated reactions to systemic risk are de�ned as:

�{̂�t;j � �̂
�

j
0�Z�t;j (36)

Combining the previous results:

�{̂�t;j

����Z�t;j � N ���j 0�Z�t;j;�Z�t;j 0���j�Z�t;j� (37)

Thus, under the null hypothesis H0 : �{̂
�
t;j = 0:

�{̂�t;j

�
�Z�t;j

0���j
�Z�t;j

��1=2 ����Z�t;j � T (v) (38)

where T (�) is the t-Student distribution with � degrees of freedom, where v = T�k, with

T the number of observations and k is the number of parameters estimated in the model.

The signi�cant reactions to systemic risk are plotted in Fig. 10. Signi�cance is evaluated

using the result above, with the usual 1% signi�cance level.

[Fig. 10 about here]

The sharper reactivity by the FED with respect to the ECB is immediately apparent.

In particular, accommodative responses were given to the Russian crisis in late 1998, during

the early 2000s slowdown and in coincidence with the recent �nancial crisis. A cyclical

re-stabilizing behavior is evident, too. Note the case of 2009:4, where systemic risk have

triggered an accommodative reaction, which was compensated by a reaction of opposite sign

to rising in�ation.

Instabilities have prompted less interventions by the ECB rather than by the FED.

Namely, there is evidence that the European Central Bank reacted to the early 2000s �-

nancial and economic slowdown, but, more evidently, it responded to the recent �nancial

crisis. Particularly evident is the joint reaction in 2008:4, when the FED and the ECB,

together with other 5 industrialized countries�Central Banks (Canada, England, Switzer-

land, Sweden and Japan) decided for a joint intervention to face the panic spreading on the

markets.
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3.6. Robustness checks using the VIX and local cyclical indicators

In this section, we report a sensitivity analysis by comparing the performance of the

global systemic risk indicator with respect to the VIX index, considered as a benchmark

indicator. We also evaluate Central Banks reaction when only local cyclical indicators are

considered in the de�nition of systemic risk.

VIX Indicator. The VIX provides a 30-days ahead volatility measure for the US stock

market, being its value derived by S&P500 option contracts with 30 days to maturity. It is

a popular measure of stock market uncertainty, capable to provide an accurate forecast of

future volatility (see Blair, Poon and Taylor, 2001).

We look at the VIX index in the period in which the systemic risk indicator has been

evaluated. The quarterly average of the index is considered and the corresponding trend

component estimated via the HP �lter. Fig. 11 provides a comparison between the indicator

and the quarterly average of the VIX, together with the respective long run values.

[Fig. 11 about here]

The two indicators have the same long run dynamic behavior. However, from a closer

inspection, a few important discrepancies can be highlighted. There are two notable periods

when the VIX peaked over its trend, while on the contrary the indicator stays below it:

they are the second half of 1997 and of 2007, associated to the Asian crisis and the US

subprime crisis respectively. As argued in Section 2.3., these two periods are associated with

country or sector speci�c crises, which are not relevant in systemic terms. Furthermore, this

emphasizes the fact that high volatile markets are a necessary, but not su¢ cient, condition

for systemic risk to increase. On the other hand, sluggish volatility on the markets does not

imply an immediate contraction in systemic risk, as the period 2008-2009 shows.

Based upon the analysis above, we perform a robustness check for the two models reported

in Eq. (31) and Eq. (33).
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Let �Z�t;j, with j = FED;ECB, be the regressors referred to � in the FED and the ECB

model, Eq. (31) and Eq. (33) respectively:

�Z�t;FED �
�
��+t�1 ��

+
t�5 ��

�
t�1
�

(39)

�Z�t;ECB � ��+t�1: (40)

Let ��j denote the corresponding estimated parameters, Vt be the quarterly average of the

VIX index at time t and V �
t the corresponding trend component extracted via the HP �lter.

As in the case of �t, de�ne:

V +
t �

8><>: Vt if Vt � V �
t

0 otherwise
(41)

V �
t �

8><>: Vt if Vt < V �
t

0 otherwise
(42)

The robustness check consists in the inclusion of the term
�
�ZVt;j ��Z

�
t;j

�
in each of the

two models, where:

�ZVt;FED �
�
�V +

t�1 �V
+
t�5 �V

�
t�1
�

(43)

�ZVt;ECB � �V +
t�1 (44)

Denote as �Vj the coe¢ cients corresponding to the extra-term
�
�ZVt;j ��Z

�
t;j

�
.

Under the null hypothesis H0 : �
�
j = �Vj there is superiority of the VIX index to the

systemic risk indicator in explaining interest rates dynamics.

The null hypothesis is rejected for both models with a high con�dence level (with p �

value = 0:0001 for the FED and p�value = 0:0061 for the ECB, respectively). Furthermore,

the partial adjusted R2 associated with
�
�Z�t;j;�Z

V
t;j

�
is (60:44%; 4:59%) for the FED model

and (21:78%; 0:47%) for the ECB model. Finally, when testing the null hypothesis that the
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coe¢ cients of
�
�Z�t;j;�Z

V
t;j

�
are jointly insigni�cant, the p-values are (0:0001; 0:6187) for

the FED and (0:0062; 0:7048) for the ECB. Thus, there is a clear statistical evidence of the

superiority of the risk indicator with respect to the VIX index.

Local cyclical indicators. A further robustness analysis was performed to check

whether FED and ECB reacted di¤erently to systemic risk, when in addition to �nancial

variables only local cyclical indicators were considered as components of the systemic risk

indicator. The analysis was carried out in the same way as described above for the VIX.

In Fig. 12, we report the systemic risk indicator with the local cyclical indicators for US

and Euro Area respectively. The main �nding is that the pattern of the reaction functions

of the two institutions does not change, though there is evidence of higher recation of two

institutions to local macroeconomic factors, as Fig. 13 shows. Details on the robustness

check are not reported but available from authors upon request.

[Figs. 12-13 about here]

4. Conclusions

In this paper, we proposed a comprehensive indicator able to measure systemic risk at

a global level. The indicator is constructed by integrating the dynamics of international

�nancial and commodity markets with signals emerging from the economic cycle. Based

upon the 1995-2011 crisis events, our indicator interpreted quite accurately recent �nancial

history. We also showed that �nancial markets severe downturns and increasing volatility is

not su¢ cient to explain the overall systemic risk in the economy.

We then evaluated the interaction of the indicator with monetary policy decisions unde-

taken by the FED and the ECB. There is evidence that expansionary decisions adopted by

the FED were led by riskiness of the system, while the ECB showed some reluctance to give

up its role in maintaining price stability, except during the recent period of economic and

�nancial instability. The response of the monetary authority is not prompted by the condi-
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tions in the equity market alone, but also by commodity market dynamics and the economic

cycle, with all these factors are captured by the systemic risk indicator we proposed.

This paper extends the scope of systemic risk analysis allowing to identify important

di¤erences between FED and ECBmonetary conducts during a prolonged period of economic

and �nancial crisis. First, it will be interesting to extend the analysis to UK, to include an

evaluation of the of monetary policy decision by the Bank fo England. Second, our analysis

can be extended to early warning signals also in the light of the current sovereign debt crisis.

Further, the sensitivity analysis reported in this paper can be enriched by considering both

the Libor-OIS spread (the di¤erence between LIBOR and the Overnight Indexed Swap) and

the Composite Indicator of Systemic Stress (Hollo, Kremer and Lo Duca, 2012). This is part

of an ongoing research agenda.
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