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Banks are exposed globally to risk either directly through their portfolio and funding,
or indirectly through their affiliates and the structure of their banking group. Therefore,
it is crucial to consider the global framework in which banks operate in order to assess
banking stability. In this paper, I first develop a theoretical model to focus on the impact
of international integration on the resilience of banks. Starting from an accounting iden-
tity, I derive the volatility of bank’s equity as a function of asset returns, funding costs,
foreign exchange rate and leverage. In particular, I ask how the variance co-variance
matrix between each component of the balance sheet impacts the volatility of equity
returns. This model introduces a banking theory on international diversification where
three main channels are identified: the global financial cycle channel; the within channel
of assets and liabilities; and the foreign exchange rate channel. In the second part of the
paper, I depict the financial evolution of international integration between the US and
the Euro area from 2000 to 2015, estimating conditional correlations between asset re-
turns, funding costs and exchange rate fluctuations. Focusing on this period, the model
predicts that international diversification improves the resilience of banks even during
periods of strong international integration such as 2008. Finally, this exercise brings to
light some common patterns between what the theoretical model predicts and what the
euro area banks actually do.
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1 Introduction

Banks are exposed globally to risk either directly through their portfolio and funding,
or indirectly through their affiliates and the structure of their banking group. In fact
the Global Financial Crisis has drawn special attention to international activities of
banks, especially for European banks. With this international diversification, banks are
directly exposed to financial risk and monetary policy shocks from different geographical
locations. The degree of connection between financial and monetary shocks in different
geographical areas then depends on the degree of international integration. Therefore,
it is crucial to consider the global framework in which banks operate in order to assess
banking stability and to answer the following questions. How does the global compo-
sition of bank’s balance sheet impact the resilience of banks? Under which conditions

could banks make use of international integration to improve their resilience?

Following the Portfolio Theory introduced by Markowitz| [1952], |Grubel [1968] Levy
and Sarnat| [1970] and Lessard| [1973] first show that international diversification is a
source of welfare gains for investors. In addition to the imperfect correlation of equity
returns and a limited exposure to a common element of variance, [Solnik [1974] highlights
the specific role of foreign currency exposure in international diversification. Because
changes in parities impact the final yield of a foreign asset, correlations between equity
returns and foreign currency enter the demand for foreign assets and the benefit of inter-
national diversification. There is a risk management demand for foreign currency where

foreign currency is used to manage the risk of portfolio (Campbell et al. [2010])[]

Considering banks, strategies are not limited to portfolios but they also include the
management of debt in different geographical locations. Using the structure of their

banking group and their internal capital market (BIS|[2010], |Cetorelli and Goldberg

!See [Kroencke et al.| [2014] for the speculative demand of foreign currency



[2012]), multinational banks define strategies to manage their funding worldwide. Doing

so, banks are exposed to global financial conditions. Combining both assets and liabil-

ities, (Conovera et al.| [1999], Rey [2013], Miranda-Agrippino and Rey| [2015] identify a

global financial cycle where the US monetary policy has a major influence on credit con-
ditions and funding costs worldwide. All thing considered, international diversification
is not limited to assets and the literature based on portfolio theory does not capture the

different components of banks’ balance sheet that are potentially correlated.

The purpose of this paper is to consider the diversification of both assets and liabili-

ties in order to introduce a banking strategy of international diversification. As interna-

tional integration affects the international market linkages (Longin and Solnik [1995]),

the variance covariance matrices of equity returns, funding costs and foreign currency

is changing over timeEl If the benefit of asset diversification is unstable because of the

asymmetry of correlations between equity returns (Longin and Solnikl [1995], |Ang and|

Bekaert| [2002] and Driessen and Laeven [2007]), one may expect that the benefit of

banking diversification would also depend on international integration.

In this paper, I first develop a theoretical model to focus on the impact of interna-
tional integration on bank’s resilience. Starting from a balance sheet identity, I derive the
volatility of bank’s equity as a function of asset returns, funding costs, foreign exchange
rate and leverage. In particular, I ask how the variance co-variance matrix between
each component of the balance sheet impacts the volatility of equity returnsEl Doing

so, this paper introduce a banking theory on international diversification that considers

%See [FSB| [2019] and |Claessens| [2019] for a complete definition of international integration. In this
paper, the definition of international integration focuses on the difference in prices of economically
similar prices. Therefore, it follows [Jappelli and Pagano| |[2008], [Stavarek et al. |[2012], [Ruscher and)|
[Vasicek| [2016], Horny et al|[2018], [Liu et al|[2018] where the deviation of the low of one price is seen as
a symptom of market fragmentation. In other words, international integration implies high correlations
between financial assets that share similar properties.

3Following |Diamond and Rajanl ﬂ2000|], the focus on banks’ equity is determinant to banking stability
as it is a buffer against financial losses.




risks on assets, liabilities and foreign currency simultaneously. In the second part of
the paper, I use bi-variate DCC-GARCH to estimate the variance co-variance matrix of
asset returns, funding costs and foreign exchange rate from 2000 to 2015. This exercise
provides crucial details on the evolution of international integration over time. Using the
estimated characteristics of international integration, I calibrate the model to identify
the level of international diversification that provides the best resilience of banks: the
efficient international diversification. Doing so, this paper provides a first comparison
between the efficient international diversification and the observed international diversi-

fication of euro area banks from 2000 to 2015.

My results identify three main channels through which international diversification
and international integration affect bank’s resilience. The global financial cycle channel
is the first channel. It captures the risk sharing capacity between asset returns or be-
tween funding costs. The intuitions behind this channel are the same as those of the
international diversification theory. Strong correlations between asset returns (funding
costs) reduce the risk sharing capacity of asset diversification (liability diversification).
The second channel is the within balance sheet channel of assets and liabilities. It con-
siders the fact that the resilience of banks depends simultaneously on shocks on asset
returns and funding costs. Therefore, strong correlations between asset returns and
funding costs introduce a natural pass-through which increases the resilience of banks.
The last channel identified in this model is the foreign exchange rate channel. It is
the most complex channel as it captures all interactions with foreign exchange rate
in both sides of the balance sheet. Whether a floating exchange rate is stabilizing or
destabilizing depends on foreign exchange rate behavior with regard to shocks on asset
returns and funding costs. Considering all channels together, the model defines a level
of international diversification that assures the highest resilience of banks considering

characteristics of international integration. In some cases, currency mismatch may offer



new hedging strategies. In fact, the calibration of the model with data from 2000 to
2015 confirms the benefits from international diversification: introducing diversification
in assets and liabilities increases banks’ resilience even during periods of strong inter-
national integration such as 2008. It also provides a detailed explanation of large and
efficient currency mismatch between 2009 and 2012, reflecting the US dollar shortage
and pointing out the necessity to decompose equity volatility with all components. Al-
though magnitudes differ between efficient and observed international diversification,
this exercise brings to light some common patterns between what the theoretical model
predicts and what the EA banks actually do. First, both observed and predicted interna-
tional liability diversification share similar trends over the period. Second, international
liability diversification - either observed or predicted - shows larger fluctuations than in-
ternational asset diversification. Third, the period of low currency mismatch predicted
by the model is verified for EA banks. All-in-all, it suggests that EA banks follow the

banking strategy of international diversification to maximize their resilience.

Because international integration implies dynamic interactions between asset returns,
funding costs and exchange rate, the main challenge of this research is to deliver results
that are intuitive and easily identifiable. This paper meets that challenge for three rea-
sons. First, it provides a new framework to capture all interactions. Focusing on asset
returns and funding costs, I consider correlations between asset returns from different
geographic locations, correlations between funding costs from different geographic loca-
tions, but also, correlations between asset returns and funding costs in a given geographic
location, and finally, correlations between asset returns and funding cost across differ-
ent geographic locations. Correlations with foreign exchange rate complete this global
framework. Second, the definition of the model - starting from an accounting identity
- provides a simple and flexible framework that allows the identification of the different

channels through which international integration affects banking stability. The channels



are then intuitive and easily identifiable. Third, by using DDC-GARCH to estimate
dynamic correlations between assets returns, funding costs and foreign exchange rate, 1
consider the fact that international integration is a moving process where interactions
change over time. Doing so, this paper significantly contributes to the literature on the
international transmission of shocks through international banking activity, including
Milesi-Ferretti and Tille| [2011], Cetorelli and Goldberg) [2011], |Claessens and van Horen
[2015], |Bruno and Shin [2015], Cerutti [2015], Pedrono| [2017], Baskaya et al.| [2017],
Cerutti et al| [2017]. It goes beyond the portfolio theory of international diversification
(Solnik| [1974], (Campbell et al. [2010], Driessen and Laeven [2007]) by considering both
leverage and diversification opportunities on liabilities. And last but not least, this new
framework provides innovative results including conditions on foreign currency behavior
relative to funding costs and a new channel through which international diversification

improves banking stability: the within balance sheet channel.

The remainder of the paper is organized as follows. Section 2 develops the theoretical
framework based on a simplified definition of a bank’s balance sheet. The volatility of
equity returns as a function of financial integration is then introduced, allowing for the
definition of an efficient diversification which improves the resilience of banks. Section
3 first provides a picture of international integration from 2000 to 2015 by estimating
conditional volatilities and correlations. Using the variance co-variance matrix, efficient
international diversification is defined and compared to observed international diversifi-

cation of EA banks over the period. Section 4 concludes.



2 Theoretical model

2.1 Definition of equity
2.1.1 Assets

Bank’s total asset A is composed of domestic asset C' and foreign asset converted in
domestic currency SC* where S is the exchange rate. The share of domestic and foreign

asset are given by (1 — 1) and v respectively.

A=C+8C (1)

C SC*
7=0=¥) 5 —= =9

Following [Solnik| [1974], the exchange rate and both asset returns follow stochastic pro-

cesses with marginal variations defined as{]

dC = % =rdt+ocdZc (2)
- *

dC* = dc(i =" dt + oc~dZc (3)

ds = % = pdt +osdZs (4)

r, r* and u are the deterministic parts of the returns, and o¢, oo+ and og are the stochas-
tic part. White noises are denoted dZ such that dZ¢c ~ N(0;dt), dZc« ~ N(0;dt) and
dZs ~ N(0;dt).

Using It6’s lemma, the return of the foreign asset converted in domestic currency is

4For more details on Stochastic Differential Equations, see Merton! [1971], Branson and Henderson
|1984], |Oksendal [2003|



defined as:

asc* ﬁ 4 dC* n ﬁ dC*
scx S c* S C*
= (u+ 71"+ pscrogocs)dt + 05dZg + ocxdZ o (5)

dSC* =

Where pgeox is the coefficient of correlation between the return of the foreign asset and

the foreign currency.

2.1.2 Liabilities

Bank’s total debt D consists of domestic liability L and foreign liability converted in
domestic currency SL*. Denote (1—\) and A the share of domestic and foreign liabilities

respectively.

Introducing stochastic processes, we get the following Stochastic Differential Equations

(SDE) for each liability:

-~ dL
~ ar* .
dL* = = i*dt + op«dZpx (8)

Where dZ;, and dZ;~ are white noises, and ¢ and ¢* are the constant drifts of the
marginal variation of domestic liability and foreign liability respectively. or and op«
are the volatility of the marginal variation of domestic liability and the foreign liability,

respectively.



The foreign funding cost converted in domestic currency is defined as:

dSL* ﬁ . dL* n ﬁ dL*
S~ S L S L*
= (u+13* + psrrog0or)dt + 05dZg + op«dZ~ (9)

dSL* =

Where pgp« is the coefficient of correlation between the foreign funding cost and the

foreign currency.

2.1.3 Equity

Bank’s equity is defined through E such that:

E=A-D (10)

Bank’s leverage [ is the ratio of total debts over equity.

I=D/E (11)

Following the Basel III framework, I assume that leverage is exogenous and defined

by authorities. Using definitions of [ and E, we obtain the bank’s equity SDE:



-~ dE dA dD
dE = — =(1+1)—/— -1 - —
E (JF)A D

=(1+1) ((1 - w)% +w%> +1- ((1 - A)de + Aféf)
=[r+r* —r)+1(Yr* = XNi*) +1((1 —)r — (1= N)i)]dt

+ @+ 1 = X)) + (L + Dosor — IAosp+]dt

+ 1+ (1 =y)ocdZc + Y(oc-dZc + o5dZs))

—1((1 = NopdZy, + Nop=dZp + 05dZs)) (12)

If h=A=0,

dE = L+ [r+Ur—10)]dt+ocdZc +l(occdZc — ordZy)

In absence of international diversification (e.g. =0 and A=0), the marginal variation of
equity does not depend on foreign components. Interestingly, if asset return and funding
cost share similar properties (i.e. 7 = and 0. = o), the shareholders of the bank still
receive a positive return on equity because of leverage. The return on equity is equal to

the return of asset.

Considering international diversification, the expected return of equity E(dE) in-
cludes the excess return of foreign asset, the foreign and the domestic spreads between

asset returns and funding costs, and the profitability related to the foreign currency.

E(dE) is such that:

E(dE) =[r + (™ —r) + 1(pr* — Xi*) + 1((1 — ¢)r — (1 — \)i)]

+ @+ 1 =) + (L + Dosor — IAosL] (13)



Where ogo+ and gy~ are the covariances between the foreign currency and the foreign
asset and the covariances between the foreign currency and the foreign debt, respectively.
The expected equity return highlights the role of foreign currency mismatch conditional
to the behavior of foreign currency relative to asset return and funding cost. If ogc» is
negative, gains from foreign asset returns is compensated by changes in parities. The
profitability of being exposed to the foreign asset is reduced. On the contrary, a negative
osr+ increases the profitability of being diversified internationally as changes in fund-
ing costs are erased by changes in parities. Those findings are close to |[Campbell et al.
[2010] conclusions where foreign currency exposures impact the final yield of investors.
Therefore, the behavior of foreign currency relative to asset returns and funding costs

changes the investment and funding opportunity set faced by banks.

In absence of international diversification, the volatility of equity is composed of the
volatility of the domestic asset and liability and of the covariance between these two
components. It is defined as:

dE

Var(—-) = (1+ D202 + 1707 —21(1+1)orc (14)

Where or¢ is the covariance between the domestic liability and the domestic asset (i.e.
Cov(zr,2¢)). A positive correlation between returns on domestic asset and funding costs
on domestic liability then decreases the volatility of equity: shocks on asset returns are

hedged by shocks on funding costs.

2.2 Volatility of equity and international diversification
2.2.1 Volatility of equity
Assuming that shocks are not orthogonal, the volatility of equity includes all possible cor-

relations between the different components of the bank’s balance sheet {C,C*, L, L*, S}.

10



Therefore, occox, oL+, 0LC, OL+C*, OL+C, OLC*, denote the covariance between assets,
the covariance between liabilities, the covariance between domestic asset and liability,
the covariance between foreign asset and liability, the covariance between foreign lia-
bility and domestic asset, and the covariance between the domestic liability and the
foreign asset respectively. Additionally, osc+, 0s¢, 0g+ and ogy, illustrate the covari-
ance between exchange rate and foreign asset, the covariance between exchange rate and
domestic asset, the covariance between exchange rate and foreign liability and the co-
variance between the exchange rate and domestic liability respectively. Considering all

potential covariances, the variance of equity marginal variation ®? can be decomposed

as:
% = Var(%)
= (L +1)(1 =)0 + (1 + D¥)?08. + (¥ + 11 = V)?0f + (I(1 = N)*07 + (IN)07.
with orthogonal shocks
+ 21+ D*(1 —)ocer  + A1 — Moz
—_———

global financial cyclerisk, asset global financial cycle risk, liability

— 2(1 + l)l [(1 — ¢) ((1 — )\)O’LC + )\UL*C) + 1 ()\UL*C* + (1 — )\)O’LC*)]

A—D hedging strategies

+2(t + 1 = A) A+ [(1 —Y)osc + Yoscr]

FX channel, asset

— 20+ 1(t) = X)) 1[(1 = Nosi, + Aosi] (15)

F X channel, liability

The first line of ®? summarizes the volatility of equity when all shocks are orthog-
onal. It depends positively on risks from C, C*, L, L* and S. When ¢y = X # 0 (no
currency mismatch), the exchange rate still impacts equity volatility because of the lever-
age multiplier: a currency match does not remove exchange rate risk. The exchange rate

Ll: as long as [ > 0, it implies that ) # X when 3 > 0.

risk is removed if and only if § = 1+

11



The second line of ®2 introduces the risk added by global financial cycle on both
sides of the balance sheet. A positive correlation between C' and C™* raises the variance
of equity through occ«: it translates the global financial cycle risk coming from the
asset side and repeats the basic conditions of international portfolio diversification from
Grubel| [1968], Levy and Sarnat| [1970] and |Lessard| [1973]. Similarly, the global financial
cycle channel related to the liability side is introduced with the covariance opr+. It in-
troduces the link through which domestic and foreign funding conditions are correlated

(Rey [2013)).

The third line of ®? introduces hedging strategies between assets and liabilities, ex-
change rate movements aside: the within balance sheet channel. A positive correlation
between funding costs and asset returns makes equity more resilient to shocks. Equity
volatility is thus reduced by this spontaneous mechanism. Notice that domestic asset
can be used to hedge foreign liability if o7+ > 0. Similarly, foreign asset can be used
to hedge domestic liability if oo+ > 0. Therefore, equation (12) suggests that currency

mismatch can reduce the volatility of equity.

The fourth line of ®2 introduces the foreign exchange rate channel on the asset side.
This channel is removed either when ¥ = A = 0, or when % = %H Following previous
empirical studies including Andersen et al.| [2003} [2007], [Faust et al. [2007], Ehrmann
et al.|[2011], there is a negative correlation between asset returns and exchange rate,
implying that ogc+» > 0 and ogc < 0 (i.e. positive shock on the return of a financial
asset goes hand in hand with an appreciation of the currency attached to the finan-
cial asset). Assuming that ogc = —ogc+ with ogo+ > 0, the introduction of foreign

exchange rate correlations leads to different conclusions depending on international di-

versification. When ¢ = 0.5, the two covariances og¢c and ogco+ have similar weight,

12



translating a neutrality in exchange rate fluctuations relative to shocks on asset returns.
Thus, there is no additional impact on equity volatility when ¢ = 0.5. When ¢ > 0.5,
the weight associated to ogo+ increases: a simultaneous and positive shock on domestic
and foreign asset returns is associated with an increase in converted asset returns due to
foreign currency appreciation. The FX channel on assets then amplifies equity volatil-
ity. However, with international diversification on the liability side, the foreign currency

appreciation also increases converted funding costs, compensating the increase in con-

l

147+ Huctuations

verted asset returns due to foreign currency appreciation. When % =
in converted funding costs completely cancel out the fluctuations in converted returns
due to FX channel. When diversification on liability is large enough (i.e % < %_H), the
increase in converted funding costs also compensated for the initial positive shock on
asset returns, reducing equity volatility. When ¥ < 0.5, the weight associated to ogc
increases: a positive shock on domestic and foreign asset returns is associated with a
domestic currency appreciation. The latter lowers the increase in foreign asset returns:
increase in total asset returns is moderate and equity volatility is stabilizedﬂ The de-
crease in converted funding costs implied by a relatively low diversification of liability
(i.e % > %H) still enables a reduction in equity volatility. However, when the diver-
sification of liabilities is relatively high (i.e 1T‘H1/1 < A), then the induced decrease in
converted funding costs exceeds the decrease in converted returns from foreign asset:
the gap between total returns and total funding costs widens and the variance of equity

increases. Thus, bank’s resilience decreases when % < 1%4 and increases when % > 1%4

The last line of ®? introduces the foreign exchange rate channel on the liability side.
Following empirical evidences, og;, < 0 and ogr» > 0. Assuming that og;, = —ogp+

with ogr+ > 0, the introduction of correlations between foreign exchange rate and fund-

®This result is line with |[Campbell et al|[2010] where a negative correlation between foreign stock
markets and foreign currency reduces portfolio returns volatility. However, their conclusion does not
consider the implications of an international diversification on liabilities.

13



ing costs also leads to different conclusions depending on international diversification.
Similarly to the FX channel on assets, there is no additional impact on bank’s resilience
when A = 0.5. However, when A # 0.5, the introduction of correlations relative to foreign
exchange rate and funding costs impacts the volatility of equity. When A > 0.5 and ¢ is
relatively low (i.e % < %H), the introduction of correlations relative to foreign exchange
rate and funding costs increases the volatility of equity. When v becomes relatively
large (i.e % > %H), the introduction of correlations relative to foreign exchange rate and
funding costs decreases the volatility of equity. Conversely, when A < 0.5, a relatively
low ¥ (i.e % < ILH) decreases equity volatility while a relatively large v (i.e % > l%rl) in-

creases it. Combining with the FX channel on the asset side, the leverage effect extends

the impact of correlations linked to assets relative to those linked to liabilities.

2.2.2 Efficient international diversification

I derive from the variance of equity marginal variation an ”efficient” share of asset
denominated in foreign currency 1Z where @/Z; is defined so as to minimize the volatility of
equityﬁ Considering all potential correlations between each component {C,C*, L, L*, S},

the ”efficient” level of asset diversification {D\ is defined such as:

5Denote 62‘1’22 the second derivative of ®2 with respect to 1. Because of the non negative property

oY
; dC* _ dC | dS\ o322
of the variance Var ( o~ o T W)v T

> 0. Therefore, ®? is convex and v is a minimum.

14
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En
b =

=0 | A constant

2

share of C in asset—side risk

l 0‘254-050*—03(]
+ A 2 2 2
141 Uc"’_gc*+US_2(UCC*+USC'_USC*)

shareof C* tohedge F X risk dueto L*
4 l oS5L* + O0Lxcx — O C
141 O'%-i-o%v*—f—O’%—Q(O’CC*—i—Usc—USC*)

share of C* risk that can be hedged with L*

! osL +0Lcs —0LC
+ (1-X 16
( )(1+l> 0% + 0. + 0% —2(0ccer + 050 — o50+) (16)

shareof C* risk that can be hedged with L

The first component of equation (16) is the share of total assets volatility driven by
domestic asset volatility. The higher this share, the higher the efficient asset diversifica-
tion. The second component introduces the risk reduction related to part of the liability
side being also in foreign currency: it depends on A and [. If A # 0 and 0?9 = 0, the share
of assets denominated in foreign currency can be used to hedge foreign risk introduced
by foreign liability. If A=0 (i.e no liability diversification), exchange rate volatility a%
is as important as the foreign asset volatility 0%* in the determination of efficient asset

diversification.

The last two components of equation (16) link efficient asset diversification with the
international diversification of liability. First, it introduces the share of foreign asset
risk that can be hedged with foreign liability. The higher the liability diversification, the
larger the efficient asset diversification. Second, it introduces the share of foreign asset
risk that can be hedged with domestic liability: a larger efficient asset diversification can

be justified if domestic liability is a good instrument to hedge against shocks on foreign

15



asset (i.e (osr + orcx — orc) > 0). In this case, the lower the liability diversification,

the larger the efficient asset diversification.

Turning on the "efficient” level of liabilities denominated in foreign currency, the

complete framework with all potential correlations implies a X such that:

0P?
Y =0 | % constant
/)\\: O'%—O’LL*—O'SL

02 +02, +0%—20L +0sL — 05L+)

share of L in liability—side risk

1+1 0%+ o5 — 031,
+ 9 ] 2 2 7 _ _
o} +07. +0%—2(oLLs +0sL — o5L+)

shareof L* to hedge F X risk dueto C*

1+1 orLxc* +08cx — OLC*
+ ¥ I 2 2 2 _
o7 +07.+0%g 2(onrx +0sL — 05L*)

shareof L* risk that can be hedged with C*

1+1 *C =
-0 (S g e e (i
l 07 + 0} + 0% —2(0LLr + 051 — 05L*)

shareof L* riskthat can be hedged with C

As for LZ, h) decomposes each share of liability-side risk that can be hedged either with
risk diversification within liabilities, or with the foreign exchange rate exposure included
in asset diversification, or because foreign asset is a potential instrument to hedge against
foreign funding costs, or on the contrary, because domestic asset is potentially a good

instrument to hedge against risks associated to foreign funding costs.
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3 International integration: an application to US and EA

financial markets

3.1 Data

Defining the euro as the domestic currency and the US dollar as the foreign currency,
the Eurostoxx50 and the S&P500 stock market indices are used to measure domestic
and foreign assets, respectively. The euro area Shadow Short Rate (EA SSR) and the
US Shadow Short Rate (US SSR) are used to identify domestic and foreign funding
costs, respectively[] SSR are estimations of monetary policy interest rate adjusting for
unconventional monetary policy. According to |Aizenman et al. |[2015] they provide a
good representation of liquidity availability, especially when monetary interest rates are
at the zero bound. Because multinational banks have a significant share of market based
operations (Geneva-Report| [2019]), stock market indices and SSRs provide good mea-

sure to capture the exposures of banks to financial markets and monetary policyﬁ

Figure (1] illustrates these four variables plus the exchange rate between US dollar
and euroﬂ Over the period 2000-2015, there is a common trend for both international
stock market indexes and Shadow Short Rates, confirming the financial comovements
between international stocks from Evans and McMillan| [2009], Bekaert et al.| [2009] and
the global financial cycle from [Rey| [2013], Miranda-Agrippino and Rey| [2015]. Concern-
ing the foreign exchange rate, the euro appreciates against the US dollar from 2001 to

2008 while the second half of the period is characterized by more stagnation and some

"US and euro SSR are from the Reserve Bank of New Zealand
(http://www.rbnz.govt.nz/research-and-publications/research-programme/
additional-research/measures-of-the-stance-of-united-states-monetary-policy/
comparison-of-international-monetary-policy-measures).

®According to this report, the dependence on market based operations is even more important for
large banks as they tend to do less traditional banking than smaller banks.

9The exchange rate is defined as the amount of euros per unit of US dollar. Daily SSRs have been
extracted from annualized SSRs.
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depreciation of the euro. Finally, figure |1| also suggests that international stocks have

larger volatility than both the US and the EA SSR.

Table [I] reports descriptive statistics of variable first differences. The low mean
of returns associated with large standard deviations and excess kurtosis translate the
traditional characteristics of daily financial variables. Although figure [1| suggests some
notions of correlations between variables - especially for stock market indices and SSR
- specific empirical analysis is necessary to identify properly correlations and volatility.
Section 4 is devoted to this exercise with estimations of bi-variate Dynamic Conditional

Correlation GARCH (DCC GARCH).

3.2 Conditional variance and correlations of assets, liabilities and ex-

change rate

To identify variances of {C,C*, L, L*, S} and correlations between the different compo-
nents, bivariate DCC GARCH(1,1) are estimated using daily data from 2000 to 2015@
The log returns of the S&P500 index and the log returns of the Eurostox50 are used to
proxy foreign (C*) and domestic (C') returns respectively. Concerning funding costs, I
use the US SSR changes and the EA SSR changes to proxy monetary tightening in the
foreign economy (L*) and in the domestic economy (L) respectivelym Figure |1 pictures
the the four time series and the foreign exchange rate between the US dollar and the

euro; while Table [1| displays summary statistics on each variable.
{ Insert Table[]] here }

Compared to cointegration analysis, dynamic conditional variances and correlations
provided by bivariate GARCH analysis capture the potential changes in financial inte-

gration as mentioned by Evans and McMillan| [2009]. Because international integration

10A definition of DCC GARCH is developed in the appendix.
" Bloomberg is the main source for data on stock index while data on SSR are estimated by the
Reserve Bank of New Zealand.
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implies increasing cross-border holdings of a wide range financial assets, one may expect
a convergence in related prices (Ruscher and Vasicek| [2016]). Alternatively, changes in
correlations between financial market indices and global funding costs reflect develop-
ments in international integration. Because risks, imperfect market conditions (transac-
tion costs, home bias, etc.) and economic outlook are priced in asset returns, funding
costs and foreign currency, this measure of international integration captures - at least

partially - the different reasons of international fragmentation@

As illustrated in Figure [1] the period 2000-2015 includes different phases of financial
integration starting with the introduction of the euro at the beginning of 2000’s, then
followed by a systemic financial crisis in 2008-2009, to finally express an increasing
divergence in international stock indexes and SSRs since 2013. In 2013, the S&P 500
exceeds its pre-crisis level and continue to increases until 2015, while the Eurostox50
stays below its pre-crisis level (see Figure . Regarding SSR and Figure US SSR

increases since 2013 while EA SSR declines.
{ Insert Figure|1| here }

Figure |2] illustrates conditional variances of each component while table [2| provides
details on average conditional variances per year. Both figure [2] and table [2] confirm
the unstable variance of financial assets as highlighted in |Longin and Solnik [1995], Ang
and Bekaert| [2002] and Bekaert et al. [2009]. For both assets and liabilities, the period
from 2004 to 2007 is characterized by low conditional variances while volatility surges in
2001-2002 and in 2008-2009, corresponding to the bursting of the dot-com bubble and
the subprime crisis respectively. For each variable, US and euro area counterparts show
similar volatility movements between 2004 and 2011. As reported in table 2] the euro
area stock index displays larger volatility on average than the US stock index except in

2008: U% > U%*. Regarding SSRs, the results vary more than for the stock indexes: on

123ee [FSB| [2019] for a complete definition of international fragmentation.
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average, the EA SSR volatility is higher than the US SSR volatility in 2000 and 2003,
during the financial crisis in 2009 and since 2011, implying that 0’% > 0'%*. Comparing
both sides of the bank’s balance sheet from 2000 to 2015, stock returns are on average
more volatile than changes in SSR: U% > 0'%, U%«* > a,%*, 0%* > O'% and O'%« > 0%*.
The foreign exchange rate exhibits large increase in volatility at the beginning of the
euro and during financial distresses from the end of 2008 to 2011. However, the average
volatility of the exchange rate is lower than the volatility of stock returns but larger
than the volatility of SSR changes over the period. The difference in volatilities between
stock returns, foreign exchange rate and SSR changes translates the different degree of
uncertainty for each category where stock index imply more uncertainty than monetary

policy. Finally, 2015 presents several episodes of increased volatility for all component

of the balance sheet except US SSR.

{ Insert Figure[2 here }
{ Insert Table[q here }

Figure[3|displays the conditional correlations between stock returns and SSR changes.
The average conditional correlations per year are reported in table 3l Over the period
2000-2015, prr~ and pco+ are mainly positive. However, on average pcc+ is higher than
pLL*, translating a stronger financial cycle on stock returns than on SSR changes. prc
and pr~c+ are also mainly positive over the period and they exhibit similar trends until
2010, expressing potential common behaviors among stock returns and SSR changes for
a given currency area. Additionally, the similarity between shocks on stock returns and
SSR changes is larger in the US and in the EA until 2013 (prc > pr<c+). In 2014
and 2015 prc decreases and becomes lower than pr«c«. The last two correlations pr+¢
and prox suggest potential hedging strategies among assets and liabilities in different
currencies. In 2003 and between 2009 and 2012, pro > prc*, implying that domestic

liability offers more hedging capability than foreign liability regarding risks on foreign
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asset. Similarly, pro+ > prc in 2005 and since 2014, offering some potential gains from

a currency mismatch.

{ Insert Figure[3 here }
{ Insert Table[d here }

Figure [4] pictures correlations associated to the exchange rate. The average con-
ditional correlations per year are reported in table One interesting fact from the
estimation of conditional correlations is that the four correlations {psr, psr+, psc, psc+}
have similar patterns with three distinct trends. First, they are mainly increasing from
2000 to 2003. Then, they are decreasing until 2011, before increasing again after 2012.
The dynamic behavior of correlations makes them switch from positive to negative value
over the period. From 2000 to 2003, all correlations are positive, meaning that a negative
shock on stock returns or SSR changes in both currency areas is generally associated
with a euro appreciation. Similarly, {psc, psc+} are negative on average from 2009 to
2013. Therefore, negative shocks on stock returns in both currency areas are mainly
associated with US dollar appreciation during this period. This specific exchange rate
behavior from 2009 to 2013 can be explained by the safe haven status of the US dollar
during financial distresses. Finally, 2008 is the only year where both pgr+ and pgco+ are
positive while pg;, and psc are negative, suggesting that positive shocks on one currency

area is associated with an appreciation of its currency.

{ Insert Figure|j| here }

3.3 International diversification from 2000 to 2015

To close our estimation of efficient diversification, the leverage ratio is defined based on
the Basel IIT framework. A minimum leverage ratio (E/A) is fixed at 3%, implying a

leverage of 32.33. The yearly average conditional variances and correlations reported
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in table [2] and |3| are added to the simulation to identify efficient portfolios. Figure

reports efficient international diversification on both sides of bank’ balance sheet.

From 2001 to 2003, A > 1, translating the benefit from risk reduction in equity related
to correlations with foreign exchange rate {psr, psr+, psc, psc+}. As all correlations are
positive, a positive shock on asset returns and financing costs is associated with a US
dollar appreciation. When only assets are diversified, equity return volatility increases
with the foreign exchange channel. When liability diversification is introduced such as
1 = ), foreign exchange movements on the asset side are partly compensated by foreign
exchange movements on liabilities because of leverage. An efficient currency mismatch
where A > 1 then compensates foreign exchange movements and reduces equity volatility.
However, the currency mismatch is relatively limited as pr~cx > prxc and 020 > 0%*

over this period.
{ Insert Figure[5 here }

Unsurprisingly, 2008 is characterized by large degree of volatility in all components
of the balance sheet: the volatility of stock returns in both currency areas reaches its
highest level over the period, while the volatility of the foreign exchange rate and the
EA SSR are at their second largest level over the period. 2008 is also the only year
where the US asset return volatility is larger than the volatility of EA asset returns.
Therefore, the efficient diversification of assets 1 reaches its lowest level in 2008. De-
spite of the financial crisis, the model still predicts a large international diversification in
both sides of the balance sheet as reported in figure the model predict that almost
half of the bank’s balance sheet is in foreign currency. As mentioned previously, pgr+ is
positive and pgy, is negative but they share similar magnitudes. Therefore, an equally
diversified liability cancels out impact of correlations. Similarly, psc is negative and
psc+ is positive, and their magnitude are alike. A diversification of asset close to 0.5 is

also justified. Finally, the large values of pr«c« and prc support the currency match
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between assets and liabilities in order to absorb shocks from both sides of the balance
sheet, foreign exchange rate risk aside. International diversification is thus compatible

with large episodes of financial distress.

From 2009 to 2012, the model in figure [5a] predicts a large decline in liability diver-
sification with significant currency mismatch where A < 0.1 and ¢ > 0.6. During this
period, several episodes of financial distress are observed in both the US and the EA
financial markets (figure . Despite the large volatility in both financial markets, the
US stock index still offers lower volatility than its EA counterparts, promoting large 1.
Additionally, the large volatility of foreign exchange rate observed during this period
does not prevent from a currency mismatch because of the negative and strong corre-
lation pgc+. Positive shocks on US asset returns are associated with euro appreciation
while negative shocks are associated with US dollar appreciation: foreign exchange rate
shocks and shocks on US asset returns balance one another. This stabilizing effect of
psc+ on equity volatility is maximized for relatively low value of efficient A, promoting
then an efficient currency mismatch. Finally, the US liability is not the best instrument
to hedge against shocks on asset returns, foreign exchange rate fluctuations aside. As
pLc= > pr=cx, banks in the EA benefit from using domestic liability to cover foreign
assets. Interestingly, this period of large and efficient currency mismatch where A — 0

corresponds to the period where European banks faced difficulties to fund themselves in

US dollar, especially in 2011@

After 2012, pgo+ increases and becomes positive, and the foreign liability turns back
to be the best instrument to hedge against shocks on assets, foreign exchange rate aside.
The previous currency mismatch where @ > A is no more efficient. Additionally, it is

more efficient to use L* to hedge shocks on both C* and C than L (i.e pr-c > pro),

3See [Tvashina et al.| [2015] for more details on this specif period.
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explaining that A > 1) in 2014 and 2015.

Figure reports the observed international diversification of Monetary Financial
Institutions (MFIs) in the EA between 2000 and 2015E International diversification
of assets, 1, is the ratio of the sum of loans and debt securities denominated in US
dollar with a non-EA counterparty held by MFIs to the sum of total loans and debt
securities held by MFIs. Alternatively, international liability diversification, A, is the
ratio of the sum of deposits and debt securities denominated in US dollar with a non-EA
counterparty issued by MFIs to the sum of total deposits and debt securities issued by
MFTs. Although the magnitude of observed 1 and A are on average 10 times lower than
efficient 1) and \ reported in figure three main observations are worth saying. First,
both observed and efficient international liability diversification, A, share similar trends
over the period. After a sharp increase at the beginning of the period, there is an overall
reduction in A from 2003 to 2012. In 2012, after the US dollar shortage episode, both
the efficient and the observed A start to expand again until 2015. Second, international
liability diversification - either observed or efficient one - shows larger fluctuations than
international asset diversification. Third, the period going from 2004 to 2008 goes hand

in hand with the smallest level of observed and efficient currency mismatch.

Over the period, international diversification on both total assets and liabilities allows
an improvement in bank’s resilience, even during financial crisis such as 2008. The model
also explains the appearance of currency mismatch and highlight the fact that risks can
complement one another. Although magnitudes differ between efficient and observed
international diversification, this exercise brings to light some common patterns between
what the theoretical model predicts and what the EA banks actually do. All-in-all it

suggests that EA banks may follow international portfolio strategies to maximize their

“Data are from the ECB MFIs statistics and the BIS Locational Banking Statistics. The European
System of Central Banks in the Euro Area are excluded.
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resilience. Decomposing completely equity volatility according to each component is

then necessary to understand all the consequences of banks’ international position.

4 Conclusion

The financial crisis of 2008 has drawn special attention to international activities of
banks and to the international integration of financial markets. Especially, banks are
globally exposed to risk on both sides of their balance sheet, including shock on finan-
cial assets, funding costs and foreign exchange rate. Therefore, this paper provides an
innovative theoretical framework to consider international integration and the impact of

international diversification on the resilience of banks.

The model identifies three channels through which international integration and in-
ternational diversification affects the resilience of banks: the global financial cycle; the
within balance sheet channel between assets and liabilities; and the foreign exchange
channel. Using data covering the US and the euro area, the paper provides an in-
teresting documentation of the dynamic of the international integration from 2000 to
2015. Considering the characteristics of the international integration, the model predicts
that international diversification improves the resilience of banks even during periods of
strong international integration such as 2008. Comparing efficient diversification with
the international diversification of banks located in the euro are, this papers brings to
light similar patterns. All-in-all, it suggests that euro area banks follow strategies which

maximize their resilience when they consider their external positions.

Finally, the framework of the model enables intuitive interpretations of the results

and it introduces many potential extensions. This paper focuses on the balance sheet

diversification regarding different geographic locations. However, one may consider other
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types of diversification, including business diversification. Depending on the research

questions, many hypotheses can be adapted.
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Appendix

Descriptive statistics:

Table 1: Summary statistics

Variable Mean Std. Dev. Skew Kurt. ADF N

FX -0.00001 0.00663 -.02090 4.42408 -1.422 3934
US SSR -0.00001 .00019 -.67017 17.11876 -0.410 3934
EA SSR -0.00001 .00019 98390 19.19070 -0.791 3934
S&P500 0.0001 0.01279 -.18733 10.82903 -0.879 3934

Euro Stoxx 50 -0.00009 0.01551 01291 7.14403 -2.231 3934
Note: summary statistics are calculated using the first difference of log-level data
(except for SSR which are initially in level instead of log-level) and unit root tests

concern level data. ADF lags chosen by AIC.
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DCC GARCH and conditional correlations

For each bivariate DDC GARCH, the estimation goes into two steps. First, it estimates
the conditional volatility of each one of the two series {i, j} from univariate GARCH(1,1).
Then, the bivariate DCC GARCH captures from the first step the dynamic correlation
between the two series. Suppose r; a 2x1 vector of returns of 2 assets at time t, H; a
2x2 matrix of conditional variances of r; at time t and z; a 2x1 vector of iid errors such

that E[z] =0 and E[z2]] = I. Then, univariate GARCH is such that:
T = Htl/QZt (18)

Decomposing the covariance matrix H; into conditional standard deviation D; from
univariate GARCH, and a correlation matrix R; capturing the dynamic correlation {i, j},

the DCC GARCH introduces the following extension:
H, = DR, D, (19)
Where the varying conditional correlation matrix R; is defined as:

Ri=(0Q) "?Q (IoQ)*? (20)

Qi=01—a—b)Q+ae_1€el | +bQ_1 (21)

Therefore, the dynamic matrix process Q; is a function of @, the unconditional corre-
lation matrix of the standardized errors €. Our results suggest that all correlations are
mean-reverting process where (a + b) < 1. Additionally, all Wald tests reject the null

hypothesis where a = b = 0: conditional correlations are dynamic.
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o2, o2 o2 o2, o2

2000 1.80e-04 2.12e-04 5.72e-05 2.47e-08 2.91e-08
2001 1.86e-04 2.81e-04 6.17e-05 1.14e-07 4.83e-08
2002 1.86e-04 2.81e-04 6.17e-05 1.14e-07 4.83e-08
2003 1.24e-04 3.11e-04 4.53e-05 3.32e-08 3.61e-08
2004 6.07e-05 9.75e-05 4.75e-05 2.87e-08 2.66e-08
2005 5.52e-05 7.09e-05 3.63e-05 2.23e-08 1.83e-08
2006 5.27e-05 1.03e-04 2.73e-05 1.87e-08 1.84e-08
2007 1.05e-04 1.17e-04 1.67e-05 3.43e-08 2.44e-08
2008 5.84e-04 5.60e-04 6.22e-05 9.43e-08 8.33e-08
2009 2.98e-04 3.34e-04 7.61e-05 3.74e-08 4.59e-08
2010 1.30e-04 2.30e-04 5.59e-05 3.93e-08 2.76e-08
2011 2.03e-04 3.28e-04 5.77e-05 4.05e-08 6.08e-08
2012 8.13e-05 1.95e-04 3.38e-05 2.25e-08 3.54e-08
2013 6.29e-05 1.17e-04 2.47e-05 3.87e-08 4.92e-08
2014 6.14e-05 1.29e-04 1.70e-05 2.43e-08 2.71e-08
2015 1.01e-04 2.24e-04 5.77e-05 2.23e-08 8.39e-08

Table 2: Conditional variances. S, C, C*, L and L* refer to the exchange rate, the eurostoxx
50 index, the S&P500 index, the euro Shadow Short Rate and the US Shadow Short Rate
respectively.
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pLL* pPcc* PLC  pPL*C*  PLC*  PL*C  PSL*  PSL psSC  PSC*
2000 0.44 052 0.20 020 0.04 0.14 0.15 0.21 0.00 0.02
2001 0.48 0.58 0.33 028 0.26 0.25 027 0.28 0.20 0.21
2002 043 060 049 039 032 027 0.26 0.14 022 0.31
2003 0.45 0.60 0.44 030 032 0.28 036 040 041 0.36
2004 0.50 0.57 0.25 020 0.13 0.22 041 037 0.14 -0.07
2005 0.43 058 020 020 014 0.21 0.18 0.10 0.17 -0.04
2006 047 062 023 0.14 0.11 0.16 0.32 0.03 0.01 -0.12
2007 0.1 0.61 0.40 035 0.27 0.28 0.22 0.04 0.00 -0.11
2008 050 059 045 040 037 033 0.13 -0.16 -0.01 0.05
2009 050 0.64 034 026 0.28 0.25 0.08 -0.07 -0.35 -0.44
2010 0.44 064 036 027 033 024 0.04 -0.27 -0.36 -0.44
2011 042 0.65 045 034 037 030 -0.06 -0.42 -0.44 -0.52
2012 043 0.63 037 028 031 0.26 -0.07 -0.35 -0.49 -0.46
2013 047 0.62 0.21 019 0.17 0.18 0.09 -0.17 -0.09 -0.22
2014 036 062 020 026 0.20 0.22 0.23 -0.12 0.17 0.01
2015 031 059 0.15 026 0.13 0.22 030 -0.10 0.32 0.15

Table 3: Conditional correlations. S, C', C*, L and L* refer to the exchange rate, the eurostoxx
50 index, the S&P500 index, the euro Shadow Short Rate and the US Shadow Short Rate
respectively.
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(b) Observed international diversification

Figure 5: International diversification of banks: International diversification of assets and
liabilities - 1 and A, respectively - measures the share of assets or liabilities denominated in US

dollar with a foreign counterparty. Efficient international diversification is such that the volatil-
ity of bank’s equity is minimized according to the theoretical model. Observed international
diversification measures the international diversification of MFIs in EA (source: ECB data, BIS

LBS statistics, own calculations).
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