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Abstract

This paper investigates the cross-sectional spillovers between banking and sovereign risk
in the European Economic and Monetary Union (EMU) countries. Average ‘distance-to-
default’ based on all publicly listed banks headquartered in a particular country is used
as an indicator of banking risk, while 10-year sovereign yield as the measure of sovereign
risk. Using spillover measure proposed by Diebold and Yilmaz (2014), we find evidence
of clustering among banks and sovereigns in peripheral and central countries. Except for
peripheral countries banks, rest of the clusters are well isolated from each other.
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1. Introduction

The theoretical literature on risk spillover and/or contagion can be classified into two
broad categories. When the fundamentals of different countries are connected by the cross-
border flow of capital, goods, and services, shocks to one economy gets transmitted to the
other via direct linkages. This effect is known as fundamental-based contagion (Eichengreen
et al. (1996), Kaminsky and Reinhart (2000)). However, at times, financial crises in one
country can trigger a crisis elsewhere for reasons unexplained by macroeconomic fundamen-
tals - perhaps because they lead to shifts in market sentiment or changes the interpretation
given to existing information. This is known as wake-up call or pure contagion (Goldstein
(1998)).

Sidestepping this contentious issue associated with the definition and existence of episodes
of fundamentals-based or pure contagion, in this paper, we analyse the cross-sectional risk
spillover between EMU countries banking and sovereign risk, using the connectedness mea-
sure proposed by Diebold and Yilmaz (2014). Based on the directional quantification of risk
spillover across risk measures, we try to answer the following questions: (1) how much of the
risk premium in the euro-area can be assigned to the domestic market conditions?; and (2)
did markets’ degree of connectedness play the significant role in cross-market deterioration?

2. Data and methodology

2.1. Assessing banking sector risk

To assess the bank risk, we use a standard forward-looking market-based measure. Based
on contingent claim literature, we use ‘distance-to-default (DtD)’ as the bank risk indicator.
Its foundation lies in the isomorphic relationship between equity and call option. Since equity



is a junior claim to debt, it can be modelled as a European call option on the firms’ assets
(A) with the exercise price equal to the face value of debt (D).

Consider a bank having a simple capital structure with N shares of common stock (mar-
ket capital F) and all debt denominated as zero coupon bonds (market value F', maturity
T). Using value conservation equation:

A=E+F (1)

Assuming that the assets returns follow the Generalized Brownian Motion, the Black-
Scholes option pricing formula yields:

E = AN(d,) — e """ DN(dy) (2)

where, N(x) is the cumulative normal distribution, r is the risk-free rate, d; = {In(4) +
(r 4+ 0.502)T}/{oavV/T}; and dy = dy — o4V/T.
Applying Ito’s Lemma, the asset volatility (o) can be linked with equity volatility (og)

as: A
O'E:N(d1>EO'A (3)

Inverting Egs. 2 and 3 and numerically solving for A and o4, yields the T periods ahead
DtD as:

A AD (4)
04
Once individual banks’ DtD are calculated, we consider the banking sector risk as the
simple average of individual DtD of all banks headquartered in a particular country. DtD
can be interpreted as how many standard deviations the asset value of the bank is away from
the debt threshold. The closer it is to zero, the closer the firm is to distress. For detailed
calculation methodology, see Singh et al. (2015).

DtD =

2.2. Assessing sovereign risk

Ten-year benchmark sovereign bond yield (Source: Datastream) is used as the sovereign
risk measure. The sample contains eleven EMU countries, six central (Austria, Belgium,
Finland, France, Germany and the Netherlands) and five peripheral (Greece, Ireland, Italy,
Portugal and Spain). Figure 1 display the evolution of both sovereign and banking risk for
individual countries.

[Figure 1 about here.]

2.3. Assessing spillover

Following Diebold and Yilmaz (2014), we first fit a standard vector autoregressive model
to the multivariate time series. Secondly, using series data up to, and including, time ¢,
we estimate the H period ahead forecast (¢ + H). Finally, we decompose the forecast error
variance for each component with respect to shocks from the same or other components at
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time t. Let dg- be the fraction of variable :’s H-step forecast error variance due to shocks in
variable j (direct spillover).? We define the Net directional spillover as,

_ JgH H
Ny = dff —dtt.

3. Empirical estimation

As the sample size is small (35 observations), we study the spillover by estimating four
separate direct spillover tables based on the combination of peripheral and central countries
banking and sovereign risk indices (Table 1-2). Estimates are based on the six-month forward
forecast, along with the non-parametrically bootstrapped standard errors. The red and
yellow cells (grey and light grey when viewed in greyscale) represent the first and second
quartiles respectively.

On average, 36.55% of forecast error variances of peripheral countries banking sector can
be explained by their own conditions, while this reduces to 29.8% for central countries. Risk
spillovers among peripheral countries banks suggest the following uni-directional linkages:
Portugal to Greece, Ireland, and Italy; Italy to Spain and Ireland; and Spain to Ireland.
Among central countries banking sector, we find high spillover effect from banks in Austria
and Finland. German, French, the Netherlands and Belgian banks suggest very balanced
cross-sectional spillover. In peripheral sovereigns, we observe a high level of risk spillover
from Greece, Italy, and Ireland, while moderate spillover from Portugal. Spanish yield
remains isolated and suggests direct linkage only with Ireland. Among central sovereigns,
we find well balanced cross-sectional spillovers.

Banks in peripheral sovereigns are mainly affected by Irish and Greek sovereign yields.
Banks in Ireland are also moderately affected by yields of central European countries. For
central countries banks, we find weak spillover effect from peripheral or central sovereigns.

For sovereigns in the periphery, Ireland is the net recipient of bank risk originated from
Spain, Italy, and Ireland. Irish sovereign is also the net shock receiver from French, Austrian
and the Netherlands banks. Rest of the peripheral sovereign receive very limited risk spillover
from other country’s banking sector. For central sovereign, we find moderate risk spillover
from the Netherlands banks towards rest of the sovereigns.

Based on net directional spillover (Figure 2) among peripheral banks and sovereigns, we
find net risk spillover from Greek, Irish and Portuguese sovereign towards Greek banking.
Greek yields also have a weak spillover effect on Portuguese banks. Form central sovereigns,
Irish banks are the net shock receiver from all countries, except Belgium while Portuguese
banks receive shocks from French and Belgian yields.

[Figure 2 about here.]

1Since VAR methodologies are sensitive to ordering in case of non-orthogonal shocks, following Diebold
and Yilmaz (2014), Koop et al. (1996) and Pesaran and Shin (1998), a generalized VAR decomposition,
invariant to ordering, is employed. The methodology allows detection and directional quantification of
spillover.



Net directional spillover from central banks to central sovereign suggest that banks in the
Netherlands are the biggest risk transmitter. Except for Belgium and France, all sovereign
yields are affected. Austrian and Belgian sovereigns transfer risk towards German banks.
The interconnection between central banks and peripheral sovereign suggest Ireland as the
only linkage. Irish sovereign is the net shock receiver from French, Austrian and the Nether-
lands banks.

Our main findings are robust to asset-weighted average DtD as the banking sector risk
measure, sovereign yield spread (10-year benchmark sovereign bond yield over Germany)
as the sovereign risk measure, and spillover based on the decomposition of longer-horizon
forecasts (1 or 2 years).

4. Summary

Using spillover measure proposed by Diebold and Yilmaz (2014), we find evidence of clus-
tering among peripheral countries banks, peripheral countries sovereigns, central countries
banks, and central countries sovereigns. The spillover effects are very balanced, especially
among central countries banks and sovereigns. Bank-sovereign spillover suggests that central
and peripheral sovereigns (except Ireland) receive limited risk spillover from peripheral or
central countries banks. While central countries banks are well isolated from all sovereign
risk, the peripheral countries banks are net receivers from pre-dominantly peripheral, but
also from central sovereigns.
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Table 1: Spillovers - I

Among peripheral countries banking and sovereign risk

Banks- Banks- Banks- Banks- Banks- Sov- Sov- Sov- Sov- Sov-

Spain  Greece Ireland Italy  Portugal Spain Greece Ireland Italy  Portugal

Banks-Spain 2.45 4.64 4.62 3.95 0.91 9.00 0.25 0.29

Banks-Greece . 2.36 . 2.42 8.50 6.72 5.54 5.32

Banks-Ireland 1.37 0.60 3.75 4.09 1.41

Banks-Italy 0.49 4.91 5.48 2.14 2.19

Banks-Portugal 1.01 10.84 6.80 1.73 4.07

Sov-Spain 2.74 3.22 0.29 3.14 0.55 4.87 . 5.32
Sov-Greece 2.06 0.93 0.22 1.65 6.18
Sov-Ireland 8.01 2.58 6.10 5.72 2.92
Sov-Italy 1.05 3.04 0.44 1.51 1.69
Sov-Portugal 0.38 0.27 0.87 0.25 1.64

Among peripheral countries banking and central countries sovereign risk

Banks- Banks- Banks- Banks- Banks- Sov- Sov- Sov- Sov- Sov- Sov-
Spain  Greece Ireland Italy Portugal Austria Belgium Germany Finland France  Netherlands
Banks-Spain 5.67 4.50 8.93 0.70 1.40 2.38 1.50 3.44 1.81
Banks-Greece 6.37 5.89 11.23 2.28 2.92 1.13 1.65 5.22 1.69
Banks-Ireland 7.01 6.94 11.14 8.89 11.56 7.93 5.08 9.35 9.23 13.55 9.32
Banks-Italy 22670 9.13 5.73 I 0.58 4.39 0.24 0.49 2.23 0.19
Banks-Portugal 10.22 10.28 3.94 3.82 8.59 2.55 4.35 9.68 3.84
Sov-Austria 1.52 1.49 1.49 2.84 0.94 8.90 13.93
Sov-Belgium 2.92 1.01 1.58 3.74 2.60 9.89
Sov-Germany 0.62 3.37 1.42 0.82 0.76 14.16 6.14
Sov-Finland 0.68 2.16 1.49 2.22 0.97 7.55
Sov-France 0.79 0.98 1.99 0.93 1.63 11.31 13.76

Sov-Netherlands 0.62 1.71 1.47 1.33 0.85 6.99




g9'g €9'0 0'g 0£°0 vl 820 £2°0 [eSnja0d-10g
€6'T ol 76'C 12°0 goF 520 TL'T Are3r-a0g
A7 LE°ET fersi 1ce oV 9z°¢ 922 pue[ea[-A0g
20'g e 070 62°0 6T 710 €0 909919)-A0g
eT'L 97’8 LE'ET 57’6 87'9 0g'e 070 99'F £2°0 66'¢ uredg-aog
80°0 09°¢ 82T 0g'e 60'T X4 €L'8 spuelIayjoN -S)URyg
ecl 16°L 43 ge'9 6LT 86°9 68°0T eouRL -SR]
860 06°€ 8T°1 €e'e ¢80 90°0T ov'e 66°€ lggor pueuI-syueg
L8°0 s 06°0 cey 01 8001 96°G ‘ Auwewrion -syueg
860 08'T ZTT 08T 9z0  [Eger T oso1 wmiSeg-syueg
81°0 €6'C P10 70 g8°0 ceel 96 7L RIS -Syueg
resnjiog  Aresp pueaaIp 90001K) uredg spuelIoyleN  eouelj  pueUl]{ AuRUWLOY) WNISPYg RSNy
-A0GQ -A0GQ -A0GQ -A0GQ -A0GQ -syueq -syueq  -syueq -syueq -syueg -syueq
ys11 uSraaaaos [eroydiied pue Sulyueq s9LIjJUNOD [RIJU8D SUCUIY
LV 620 96°0 61T 170 €61 SPUBLIOYION A0S
092 €1'g Tr'T L9°7 L850 187 e0URI -A0G
0g°L 69'C o'l 90T 190 ¢6°C pue[ul{-A0g
78°L 69T 18°0 29'C 16°0 LT Awewrion-r0g
4 gL 61C 65°C 9g'¢ £6'g 68°T 7e'8 wni3[eg-10g
16°CT c0'gT 6L°0T ¢6'9 e 09'g 780 660 8¢'G RIIYSTIY 208
89'G TeT (o4 9Lg 67T 97 OT'TT  89TT 897 L9°L 286 spuelIayIoN-S[URg
1370 69T 820 11°0 88°7 vL0 2901 00°0T 06'6 I eouRL{-syueg
180 9g'T gL £°0 681 80T 6L°9 Y 99°TT 08°9 pueuL{-syueg
£8°g 9T1°9 1LC 0g'T £2°0T 8TV 057 6S°L 969 Auewon-syueg
110 gro 90°0 810 28T zo IS0 og'TT V6 wni3[eg-syueg
91’1 9z°¢ 6L'T L0'T 01'g vt '8 %6 70'6 0T'L eLysTY-syuRg
SpuR[IeyIeN  @oURIg pueul Auewler) wnigeg RUISNY  SPUR[ILYISN  90URI]  pueR[UL] AURUWLIBY) wWNIeg  RBLISNY
-AOGQ -AOQ -AOGQ -A0g -A0GQ -A0g -syueg -syueqg  -syueq -syueg -syueg -syyueq

3S11 uSrea9A0s pue Supjue(q S9LIJUNOD [BIJUID SUowWy

I1 - s10a0[[Hdg g 9[qRT,



Figure 1: Country-wise evolution of banking sector and sovereign risk
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Notes: The blue solid and brown dotted line represent the sovereign and banking sector risk for individual

countries from 2004Q4-2013Q2 using quarterly data.



Figure 2: Net directional spillovers
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