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1 Introduction

How do capital flows respond to global risk factors? It is well established in the empirical
literature that conditions in global financial markets, such as global risk sentiment, volatility
and liquidity, drive cross border capital flows (e.g. Calvo et al. [1996], Forbes and Warnock
[2012], Rey [2015], Cerutti et al. [2017a]). Global financial factors have traditionally been
viewed as push factors in the literature, impacting capital flows irrespective of the fundamen-
tals of recipient countries. Accordingly, they are usually modelled as having a uniform impact
on capital flows over time and across countries. Recent empirical studies point to substan-
tial cross country variation in the response of cross border capital flows to global financial
factors, however, and to changes in the sensitivity of capital flows to global factors over time
(e.g. Avdjiev et al. [2017], Cerutti et al. [2017b]). These patterns are not just a reflection
of differences between emerging markets and advanced economies, as time and cross country
variation is also observed within these sets of countries (Goldberg and Krogstrup [2018]). It
underscores that country specific features play a role in determining a country’s capital flow
sensitivity to global factors and, hence, capital flow volatility.

A better understanding of such features can help inform the design of capital flow man-
agement measures. The literature on the drivers of capital flow sensitivity to global factors
is scarce, however. Two recent empirical studies suggest that the types of foreign investors
and domestic financial institutions intermediating a country’s cross border capital flows play
arole (IMF [2014], Cerutti et al. [2015])), although the exact mechanisms remain unexplored.
Cross country comparable data on the financial market structure and the balance sheets of
the institutions driving capital flows are limited, and there is, to our knowledge, no theoretical
literature investigating institution specific capital flow responses to global risk factors.

This paper contributes to the theoretical as well as the empirical understanding of the
drivers of capital flow sensitivity to global factors from a financial intermediary’s portfolio
balance perspective. As exchange rate risk is a major source of uncertainty in international
financial markets, we focus on what drives the intermediary’s choice of its portfolio across
currencies. Building on the role of financial institutional structure underlined in IMF [2014]
and Cerutti et al. [2015], we focus on the role of the balance sheet structure and portfolio
optimization behavior of financial institutions residing in host countries. We find that their

foreign currency mismatch affects the sign and size of the response of their cross border



positions to global risk factors. The mechanism is the following. Financial institutions choose
their foreign currency exposure to maximize the risk-adjusted return on their total portfolio.
When the risk associated with this exposure increases, or the risk appetite decreases, the
financial institution reduces its exposure. Reducing foreign currency exposure, however, has
different implications for the direction of the resulting cross border flow depending on the
sign of the initial foreign currency exposure. If the financial institution has a short foreign
currency exposure, e.g. has more foreign currency funding than foreign currency lending,
reducing this exposure requires a reduction in foreign currency funding, or an increase of
foreign currency lending. This means that if the financial institution is net short foreign
currency, it will respond to higher global risk with a capital outflow. The opposite response
of cross border flows ensues if the financial institution is initially long in foreign currency
exposure, e.g. has more foreign currency lending than foreign currency funding. In this case,
reducing the exposure to foreign risks requires a reduction in foreign currency lending or an
increase in foreign currency funding, or a capital inflow.

Our model is a portfolio optimization setting for a financial institution’s balance sheet with
domestic as well as foreign currency positions. The model focuses on the cross border funding
flows of a resident financial institution as opposed to those of the foreign counterparties.
A previous theoretical literature considering the drivers of bank cross border funding flows
has mainly focused on the behavior and incentives of global banks (e.g. Bruno and Shin
[2013], Cetorelli and Goldberg [2011]). The global bank perspective has implications for
global flows from center to periphery countries, but cannot explain differences in flows across
periphery countries. Our model hence offers a new and complementary perspective. We use
the model to derive the determinants of the financial institution’s choice of net wholesale
funding denominated in foreign currency, which we associate with cross border funding. The
main source of risk is currency risk. The financial institution maximizes the expected future
value of its equity under exchange rate uncertainty, and adjusts its mix of domestic and foreign
currency wholesale funding in response to changes in global risk and risk aversion. To keep
the model tractable, we assume that the financial institution is small and residing in a small
country, and does not take account of the effects of its decisions on global markets and prices.
Extensions toward general equilibrium that account for the portfolio optimization behavior

of both the domestic and foreign counterparty financial institutions, as well as the interaction



with the macroeconomic environment, exchange and interest rates, would be desirable but
are beyond the scope of this paper.

The solution to the model illustrates how the financial institution trades off the riskiness
of a net foreign currency exposure with the return to having such an exposure. The net
foreign currency exposure is then an optimal decision based on funding cost differentials across
currencies. The sign of the optimal foreign currency exposure depends on differences in cross
currency funding costs, and its extent depends on country specific institutional factors such as
risk preferences and equity financing, which we treat as exogenous. Given this exposure, the
model in turn illustrates how an increase in the perceived riskiness of this exposure leads the
financial institution to reduce it. This is achieved through an increase in net foreign currency
funding, giving rise to a cross border inflow. Conversely, if the financial institution is net
short, it will reduce its exposure, which gives rise to a cross border outflow.

The model delivers a simple expression for net foreign currency funding flows as a function
of changes in global risk factors, pre-existing foreign currency balance sheet exposures, and
other determinants of the risk and return of funding positions, from which we derive an
empirical estimating equation. We test the model predictions for aggregate bank funding
flows in foreign currency using a rich dataset of European countries’ aggregate banking sector
balance sheets, the Swiss Franc Lending Monitor (henceforth the SFLM), compiled by the
Swiss National Bank in collaboration with other European central banks. The advantage of
investigating bank funding flows specifically is that data on bank balance sheet positions are
detailed and available in formats that are comparable across countries, allowing us to compute
specific types of flows and associate these directly with measures of balance sheet exposures.
Detailed balance sheet data with information on both domestic and foreign positions for
nonbanks financial institutions is not available in cross country comparable format.! The
SFLM database distinguishes between banks’ domestic and foreign counterparties as well
as positions in local and foreign currency, the latter being further divided into Swiss francs
and other foreign currencies. Cross border foreign currency flows are obtained by valuation
adjusting the quarterly changes in outstanding positions using additional country specific

data sources on the currency breakdown of positions in non-Swiss franc foreign currencies.

!For similar reasons, it is not as straightforward to test the predictions of the model for aggregate capital flows
directly. Data on balance of payments and international investment positions are not matched with data on
domestic balance sheet positions of the sectors or institutions intermediating capital flows. Matching national
wealth data with the foreign currency composition within countries could be an interesting future avenue.



A data challenge is the lack of information on off-balance sheet foreign currency exposures,
which can be an important part of banks’ total foreign currency exposures. We use on-balance
sheet foreign currency exposure as a proxy for total exposure, and control empirically for
drivers of the use of off-balance sheet foreign currency instruments by including deviations
from covered interest parity, as suggested by the model. This source of imprecision could
attenuate the results. The findings nevertheless confirm the main predictions of the model.
We find that global risk factors are not significant drivers of bank foreign currency funding
flows on their own, but become significant when interacted with foreign currency exposure.
The effect is most pronounced, and very robust, in countries outside the euro area, while global
factors do not significantly explain foreign currency funding flows in euro area countries. This
could be related to differences in foreign currency hedging practices across the two samples.
We also find that the most consistently empirically relevant measure of the global financial
factor is growth in US broker dealer leverage, as proposed notably in Adrian and Shin [2014].
Alternative measures often used in the literature, such as the VIX and measures of US
financial conditions, have the right signs but are not as consistently significant across all the
specifications that we consider.

The model and empirical evidence indicate that the impact of global factors is hetero-
geneous across countries and time. Both the size and the sign of a country’s capital flow
sensitivity to global factors may depend on the constellation of financial institutions involved
in intermediating a country’s cross border flows, and the portfolio structures and optimization
behavior of these institutions. Our empirical results are specific to banks. If these behavioral
balance sheet responses can be extended to other types of institutions intermediating cross
border capital flows, the findings would suggest that currency mismatches in the balance
sheets of a country’s institutions may not only increase a country’s vulnerability to capital
flow volatility, but could directly influence the direction and intensity of the country’s capital
flows as well as exchange rates. More research and better data are needed to establish the
generality of these results for aggregate capital flows and for other sets of countries.?

The paper is structured as follows. Section 2 gives an overview of related literature. Sec-

tion 3 presents the model and derives testable implications. The data and relevant stylized

21f indeed a country’s aggregate foreign currency funding demand responds to a global risk shock, this would

either affect the exchange rate or would trigger a policy response from the monetary authorities in case of
a peg, and actual capital flows would materialize differently in the two cases, as stressed in Goldberg and
Krogstrup [2018]. Considering the role of exchange rate regimes would be an interesting extension.



facts are presented in Section 4, which also presents the variables we consider and the econo-
metric setup. Section 5 presents the econometric results, and the final Section concludes.

Supporting materials are provided in the appendix.

2 Related literature

Our work ties to three broad streams of literature. The first is the analysis of the drivers of
capital flows, and in particular, the role of foreign push factors versus domestic pull factors
(Calvo et al. [1996], Forbes and Warnock [2012], Fratzscher [2012], Ghosh et al. [2014], Mc-
Quade and Schmitz [2016]). This literature generally finds that push factors such as global
financial and economic conditions play an important role in explaining cross border capital
flows independently of country specific pull factors. Recent contributions find that the role of
push factor is heterogeneous across categories of capital flows. Avdjiev et al. [2017] find that
the impact of global risk conditions has changed in recent years. Cerutti et al. [2015] shows
that the impact of risk depends on the mix of foreign financial institutions intermediating
capital flows, leading to cross country heterogeneity in the impact of push factors. We take
a step further and focus on the role of domestic financial institutions. A clean distinction
between push and pull factors may be misleading if country specific financial factors explain
how global push factors affect a country’s capital flows.

The second stream of related literature pertains to the international transmission of shocks
through international bank linkages. Several papers stress global bank funding structures
and networks as central in the cross border transmission of shocks (Takats [2010], Avdjiev
et al. [2012], Bussiere et al. [2016], McCauley et al. [2015], Milesi-Ferretti and Tille [2011]).
Claessens and van Horen [2015] point out that the structure of the international banking
system has gone through substantial changes in the crisis, which can affect the transmission
of shocks. Cetorelli and Goldberg [2011] document the transmission of shocks through cross-
border bank lending and operations of banks’ local affiliates. Cetorelli and Goldberg [2012]
underline the role of banks’ internal capital markets, and show that global banks’ affiliates
in more robust countries can be used as sources of funds for the parent in a crisis. A key
aim in this literature is to assess how financial and monetary developments in global financial

markets, or in the home country of the foreign funding currency, impact funding conditions in



other countries (Bruno and Shin [2014], Cerutti [2015] and Cerutti et al. [2017a]). A general
finding is that global financial factors, including global financial sentiment typically captured
by the VIX, and US monetary and financial conditions, drive bank funding costs in other
countries. Avdjiev et al. [2016] find that the role of the VIX in driving global flows has
diminished, while the real exchange rate of the USD has gained in prominence as a driver,
underlining possible structural changes in funding markets since the crisis (see also Bremus
and Fratzscher [2015]). Our results suggest a complementary interpretation of a changing
impact of global risk factors since the crisis, in that the response of bank capital flows to
global financial factors may be conditional on the structure of bank balance sheets and their
risk management behavior, which have changed.

The final line of research that we link to is the analysis of borrowing in foreign curren-
cies. Foreign currency borrowing increased substantially before the crisis in some countries,
notably in Eastern Europe where the issuance of foreign currency mortgages increased prior
to the crisis, and dropped again after the crisis (Krogstrup and Tille [2017], (Yesin [2013]).
Foreign currency borrowing by nonfinancial firms also increased in some countries (Bruno
and Shin [2015], Caballero et al. [2015], (Brunnermeier et al. [2009]). Borrowers may have
been unaware of the full extent of the risks taken with such loans. Alternatively, taking
foreign currency loans can translate into a schedule of payments for the borrower that is
more favorable compared to a loan in domestic currency even when the full risk is internal-
ized by the borrower (Dell’Ariccia et al. [2016]). Foreign currency borrowing has often been
limited to a few key currencies, giving rise to currency networks in international banking
activity (Avdjiev and Takats [2016]), the presence of which opens channels for across border
transmission of monetary policy from the home countries of these key currencies (Takats and
Temesvary [2016]). A recent line of research related to foreign currency borrowing focuses
on the breakdown of covered interest parity. A firm can borrow in a foreign currency and
lend in its domestic currency without incurring any exchange risk, if it also takes a position
in the forward exchange rate markets. The covered interest parity condition implies that the
two options carry the same cost, as otherwise there would be an opportunity for risk-free
arbitrage. While covered interest parity conditions generally held empirically before the cri-
sis, we have since seen sizable deviations that may reflect a limited ability of banks to take

the leverage required to exploit the arbitrage conditions (see Du et al. [2017], Avdjiev et al.



[2016] and Borio et al. [2016]). This recent development motivates the inclusion of a forward
currency contract, balance sheet costs of holding this contract, and deviations from covered

interest parity in our analysis.

3 A model of wholesale bank funding

This section presents a simple partial equilibrium model focusing on the currency composition
of a financial institution’s funding portfolio. We focus on the main elements and results of the
model necessary, and leave the derivations to Appendix A.?> The model derives the optimal
allocation of wholesale funding between the domestic and foreign currency, and also how this
allocation is adjusted when the institution’s environment shifts, for instance with exogenous
shifts in other categories of its balance sheet or shifts in risk and risk tolerance. While we
refer to the financial institution as a bank because the subsequent empirical analysis considers
bank balance sheet data, the model is more general and applies to financial institutions more
broadly.

The emphasis is on the currency composition of net wholesale funding, which can be
interpreted as gross wholesale funding net of gross wholesale lending, but the gross wholesale
positions are not modelled individually as they are assumed to be perfect substitutes.* Our
focus is motivated by the fact that foreign currency wholesale funding is likely to capture
the majority of cross border foreign currency flows emanating from banks in the short term.
Wholesale funding is the component of the balance sheet that banks can most rapidly adjust.
By contrast, changing the composition of loans or deposits takes longer and is less directly
under the control of banks, as these balance sheet items can respond autonomously to changes

in customer demand for credit and deposits.®

3The model presented here considers exchange rate risk as the only stochastic dimension. A detailed appendix
available on request presents a more general version of the model.

4This implicitly assumes that the bank can place wholesale lending in the interbank market at the same
conditions as it can obtain wholesale funding in that market.

5See Christensen and Krogstrup [2016] for an example of how bank deposits can respond autonomously to
the portfolio choice of a bank’s customers, and Choi and Choi [2016] for how banks tend to adjust wholesale
funding to shocks in deposit funding empirically.
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Loans: C%™ 4 SCTo" | Deposits: Ddom 4 g pfor
Wholesale Funds:  Wdm 4 S /er = W
Equity: K

Figure 1: The bank’s balance sheet structure

S is the spot exchange rate (domestic per foreign currency units). Superscripts dom and for denote
currency of issuance (domestic or foreign currency). C'is loans and D is deposits, divided by currency
of issuance and exogenous and fixed in the currency of issuance. K is equity and is predetermined. W is
total net wholesale funding and is residually determined, given the other exogenous and predetermined
balance sheet items. The currency mix of wholesale funding is adjustable. Beyond the balance sheet,
the bank also has access to an off-balance sheet currency forward market.

3.1 Main building blocks

Figure 3.1 shows the bank balance sheet. The exchange rate between the domestic and the
foreign currency, in terms of units of local currency per unit of foreign currency, is denoted
by S. The bank’s assets are loans, C, issued either in domestic or in foreign currency.
Its liabilities include domestic and foreign currency deposits, D, wholesale funding in both
currencies, F, and equity, K. As wholesale funding is net of wholesale lending, it can be
negative. In addition to the balance sheet items in Figure 3.1, the bank can take positions in
the currency forward market, which we describe further below.

The model covers two periods, ¢ and ¢ + 1. The exchange rate is written as S; = exp [s]
in period t and as Sy+1 = exp [sy+1] in period t + 1. The values of loans and deposits issued
in domestic currency, C%™ and D™ are assumed to remain constant. Similarly, the values
of loans and deposits denominated in foreign currency, Cf°" and D7 are fixed in foreign
currency. The bank cannot adjust the amount of loans or deposits.”

As loans and deposits are exogenous and equity is predetermined, the total value of the
bank’s wholesale funding in period ¢, W%, is also predetermined. The currency composi-
tion of the wholesale funding portfolio, however, can be adjusted by the bank. We denote
domestic currency wholesale funding in period ¢ by W™, Similarly, the foreign currency
value of funding in foreign currency is Wtf °". Wholesale funding entails an interest cost that

is non-stochastic in the currency of denomination. The gross cost (including principal) is

5This assumption is relaxed in other contributions. For instance Ivashina and Stein [2015] consider a similar
model where the lending currency mix is endogenous to the bank’s decisions, in order to study how shocks
to the funding currency mix translate into changes in the lending currency mix.



exp [rﬂi’fom] for funding in domestic currency and exp [TK{ Or] for funding in foreign cur-

rency.

The bank also participates in the foreign currency swap market through a forward ex-
change rate contract (Fender and McGuire [2010]). The contract pays off the forward rate
Fi1 = exp|[fiy1] units of domestic currency per foreign currency in period ¢ + 1, which
is known in period ¢. Purchasing the contract thus entails taking a short position in the
spot market in period ¢ 4+ 1. The covered foreign currency funding position entails no risk,
and it is therefore directly comparable to domestic currency funding in its risk profile. If
fro1 — st < rzﬁ’f om T’X_V’_{ " the cost of swapped funding is lower than the cost of domestic
wholesale funding. In the absence of other costs, this implies an unlimited risk-free arbitrage
opportunity, and the only equilibrium would be for the cost of domestic and covered foreign
funding sources to be equalized. There are, however, occasionally large and persistent de-
viations from covered interest parity, in particular since the global financial crisis. The fact
that banks do not take unlimited positions in response suggests the presence of additional
costs in foreign currency swap markets (Ivashina and Stein [2015]). Such costs could be time
varying risk premiums of specific financial institutions or sectors, constraints on the balance
sheet capacity of swap market participants, and constraints on counterparty risk taking (Du
et al. [2017], Borio et al. [2016], Avdjiev et al. [2016]). We include such costs in the model by
assuming that positions in the forward contract entail a balance sheet cost which is quadratic
in the amount of positions the bank takes. Specifically, the total payoff in period ¢t 4+ 1 of

buying G/°" units of the forward contract is:

a 2
GI" (Fry1 — Sp1) — t;l Fiq (Gfm>

3.2 Solution of the model
3.2.1 Optimality conditions

The bank is initially endowed with an equity position K; in domestic currency.” It chooses

the currency composition of wholesale funding, Wtdom and Wtf °" to maximize its expected

7Kt — Cdom _ Ddom _ Wtdom 4 St |:Cfo'r o Dfor _ Wtfor]



valuation of equity in period t + 1, denoted by K;y1:

Kpp1 = C%™ — D% — W RI™ 4+ 5,4 <C'f0’” — DJor — WthrRKﬁ{OT)

a 2
+GI (Fiy1 — Spy1) — %1 (Gfor>

We assume that the bank values its future equity using a CRRA utility function: u =
(1 — ) ' (K1) 7.8 A bank chooses its exposure to currency risk according to a specific
risk management framework, such as a Value-At-Risk framework as discussed in Adrian and
Shin [2014], in addition to regulatory constraints on risk taking and other factors. A detailed
modeling of such factors goes beyond the scope of our paper, and we instead consider a convex
valuation as a shorthand for limits on the bank’s risk exposure.

The optimization takes place subject to the constraint that overall wholesale funding is
given initially. Combining the first-order conditions with respect to the wholesale funding in
domestic and foreign currency, we get the standard result that the bank will choose uncovered
foreign currency funding to the point where the expected discounted excess returns between

the domestic and foreign currency funding are zero:

— St+1 W, for W,dom
0=E (K1) " S, R — RS (1)

The first-order condition with respect to the holdings of the forward contract implies
that the bank will choose covered foreign currency funding to the point where the expected
discounted excess returns between the forward and spot exchange rate offset the expected

discounted marginal cost of holding the contract:

0=FE (K1) " (Ft+1 — Si41 — Olt+1Ft+1Gfor> (2)

3.2.2 Solution in two steps

The optimal funding portfolio boils down to the two optimality conditions (1) and (2). As
these are highly non-linear, we compute the solution by taking a Taylor expansion. Specif-
ically, we rely on quadratic and cubic approximations. The solution requires keeping track

of terms that are proportionnal to innovations (so-called "first order”), proportional to the

8The appendix presents the derivation for a general utility function.
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square of innovations (so-called ”second-order”), and so on, following Tille and van Wincoop
[2014]. As the technical steps are complex, we leave them to Appendix A and instead focus
on the underlying intuition.

The solution proceeds in two steps. We first derive the value of the wholesale funding
in foreign currency and the position in the forward contract in a baseline environment. The
environment consists of exogenous values of loans and deposits, interest rates, expected ex-
change rate movements, and the moments of baseline shocks (i.e. risk). We can think of the
resulting baseline portfolio as a steady state value.”

Once we have solved for the baseline solution, we compute the values for the portfolio in a
shifted environment. In this shifted environment the values of loans, deposits, interest rates,
exchange rates, risk, and risk aversion shift away from baseline values. This step allows us
to assess the impact of, for instance, an unusually large amount of loans, an unusually large
expected exchange rate movement, or an unusual amount of risk, on the bank’s portfolio
choice.!® We denote variables in the baseline and shifted environment by base and shift

subscripts.

3.2.3 Baseline portfolio

It is useful to define two measures of baseline exchange rate exposures. N etgges reflects the

on-balance sheet exposure, and is the value of foreign currency loans net of that of deposits

T

. reflects the total exposure that also includes the position

and wholesale funding.!! N etg:g

in the forward contract:

OBS

Netbase = Cl{;sre - Dl])c;ge - bj;osg (3)
TOT OBS

Netbase = Netbase - Gl{gge (4)

We also define deviations from uncovered and covered interest parity in baseline and in

9More accurately, it is the value of foreign currency funding and the forward contract position when exchange

rate risk gets very close to zero.

'9An unusual amount of foreign currency loans (a shift away from baseline) should not be interpreted as a
dynamic change between the amount of loans in period ¢ and period t 4 1. Instead, it refers to a deviation
from the baseline value of loans which can apply to both periods.

"For simplicity the baseline value of the exchange rate is set to unity, without loss of generality.
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the shifted environment, where k = base, shift:

uipy = ?“K’{j: + St41,k — Stk — Tf_[:fﬁfm ;. Cipg = Pk + uipg
where p is the difference between the forward exchange rate and the expected spot exchange
rate. Positive values of deviations from the interest parities indicate that funding in foreign
currency is more expensive than funding in the domestic currency. This can reflect interest
rate spreads, expected exchange rate movements, and, in the case of the covered interest
parity, differences between the forward rate and the expected spot rate (the forward premium).

Using this notation, the baseline portfolio is:

Gl = Ot Nt QT = Ky — o)
where apgse is the baseline cost of holding the forward contract, Kpgse is equity, Vpese is the
baseline coefficient of risk aversion, and O'Jch’bas . is the baseline variance of exchange rate
shocks.

The position in the forward contract, G{:gge, reflects the deviation from covered interest
parity adjusted for the marginal cost of holding the contract. It is unaffected by risk aversion
or risk because the forward contract in combination with spot funding positions offers risk-free
arbitrage. Given Gl{g@, Wg;‘;z follows from NetZ9T. The total exchange rate exposure reflects
the deviation from uncovered interest parity, adjusted by the exchange rate risk and risk
aversion. Absent any deviation from uncovered interest parity, the bank would fully hedge its
position. If funding is relatively expensive in foreign currency (wippese > 0) the bank accepts
some long exchange rate exposure, because fully covering it would be expensive. Note that
expressions (4) and (5) illustrate that on-balance sheet and total foreign currency exposures
are linked through the deviation from covered interest parity. Intuitively, deviations from
covered interest parity offer an incentive to use the forward currency market for arbitrage, and
therefore a greater distance between on-balance sheet and off-balance sheet foreign currency
exposure. We use this observation to estimate total currency exposure for a robustness test,

as described in Section 4.4.
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3.2.4 Shifted portfolio

We now assess the sensitivity of the funding choice to shifts in the various elements of the
environment. This sensitivity is measured by the first-order deviations of funding positions
from the zero-order allocation (5).

The holdings of the forward contract adjust in response to shift in the deviation from

covered interest parity or the cost of holding the contract:

for _ ClDshift  Olshift
Geift = —— — (6)
shift ClPbase Qpase

The wholesale funding position adjust to shifts in several variables:

TOT
stlfi}t = Netbase [O-cha:,shz‘ft + ’Yshift] (7)

TOT

I?BS k Netbase - St.shift

ase ,shi
Kbase

+NetgzgeT - St shift — INet
for for
+Cshift - Dshift

ULDshi ft for  for
—Kpase ) B Gbase “Yshift
Voase " 0¥z base

The first term in the first line in expression (7) is the focus of this paper, as it captures the
bank’s foreign currency funding response to changes in risk conditions. Specifically, higher
exchange rate risk (‘7]2% shie > 0) and higher risk aversion (yspifr > 0) both lead the bank

to reduce its exposure to exchange rate risk. How this translates into its funding position

TOT

base - I the bank is normally long in foreign currency

depends on its baseline exposure, Net
(N etz:geT > 0), reducing risk exposure requires an increase in foreign currency wholesale
funding. By contrast, foreign currency wholesale funding is reduced if the bank has a short
exposure.

Expression (7) also shows that the bank adjusts its foreign currency funding position
(W;;Z}t > () for a range of other reasons. The first term in the second line reflects a standard
portfolio rebalancing result (e.g. Hau and Rey [2008]). Funding adjusts to rebalance the

direct impact of the exchange rate on the currency exposure. If the foreign currency is

stronger than in the baseline environment (s;gpifr > 0), a bank holding a long currency

TOT

base > 0) sees the value of its long position increase when expressed in domestic

exposure (Net

currency. The bank offsets this through an increase in funding in foreign currency.

13



The second term in the second line reflects a risk-taking channel similar in spirit but not
identical to the one stressed by Bruno and Shin [2013]. Interestingly, this channel depends on
the cross-product of on-balance sheet and overall currency exposures. Consider a situation

where the foreign currency is stronger than in the baseline environment (s spift > 0). This

OBS >

translates into a capital gain for a bank that has a long exposure on-balance sheet (Net; >’

0).'2 With a convex utility valuation of equity, this capital gain driven increase in the banks’

utility reduces the marginal utility associated with future equity. The bank is thus willing

TOT > 0)713

to take on more risk. If the baseline foreign currency exposure is long (Nety,.,

taking extra risk is achieved through an increase in exposure and hence a reduction of foreign
currency funding (st}%t < 0).

The terms in the third line reflect shifts in foreign currency loans and deposits. When
the bank is faced with more loans or fewer deposits then usual (Cg,ff s> 0or Df,?:ft < 0), its
exchange rate exposure increases. This is offset through higher funding in foreign currency.

The first term in the last line reflects the cost of funding. If the extra cost of foreign
currency funding (over domestic currency) is larger than in the baseline situation (uipgpp: >
0) the bank reduces its reliance on the expensive form of funding. The final term reflects
the position in the forward contract, which is an alternative way for the banks to change its
currency exposure.

Our model considers that the return on bank loans is constant. This abstracts from the
potential indirect currency risk exposure of the bank through the credit risk of clients, if
clients are exposed to a currency mismatch.'* Banks are likely to factor such exposures into
their portfolio decisions as well, and in an appendix available on request, we develop a richer
version of the model that includes this indirect exposure. In this richer version, the solution
for foreign currency funding is similar, except that the net exposure now include all direct

and indirect channels.

12The on-balance sheet exposure matters instead of the total exposure because the difference between the two
reflects the position in the forward contract. As a shift in the current value of the exchange rate s snift does
not affect the spread between the forward exchange rate and the expected spot rate in period ¢ + 1, it has
no valuation effect via the position in the forward contract.

13Exposure to exchange rate risk reflects positions in wholesale funding as well as the position in the forward
contract, and thus the total exposure is the relevant measure.

YFor example, banks in many European countries have issued foreign currency mortgages to clients and in
turn partly hedged these on their own balance sheet, while clients have often not been hedged.
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3.2.5 An empirical specification

To derive an empirical estimating equation from expression (7), we first divide all terms by
the total domestic currency value of the bank’s assets in the baseline Ap,s.. This provides us
with ratios that are comparable across countries. We then take first differences, which cancels
out baseline values in many, but not all, terms. This facilitates our analysis. Estimating the
baseline portfolio is problematic given the relatively short sample. These two steps yield the

following expression:

for
awy; 9
AT Net; (dyii + doty,, ;) + (Net;) dsyi (8)
for for
A; 2 dcCy; dD;;
—E (Netz) dStﬂ + AZ - Az

K; duipy; deipy; — G- dag;

Ai i 0%, Ao

where we have omitted the base and shi ft subscript for clarity. Instead, variables without time
subscript refer to country specific baseline values, variables with time and country subscripts
refer to shifted variables, and variables without country subscript refer to global time-varying
variables. Moreover, we have used the simpler notation th{ = Wg,f;}t“ - ghoi?m_l,i, with
dC’Z 2 and dDii 7" defined similarly, and evaluated at the baseline value of the exchange rate.
Net; is an empirical measure of net foreign currency exposure, the nature of which we discuss
in more detail in Section 4.4.

We then make a series of simplifying assumptions and adjustments in order to take it to
the data. First, because we cannot distinguish between risk and risk aversion empirically, we
test for both jointly, and distinguish instead between a global financial factor (GF') and a
local one (LF). The GF captures risk and risk aversion related to global conditions in bank
funding markets, as in Forbes and Warnock [2012] and Rey [2015], while LF captures country
specific foreign currency risk and risk aversion. Higher values of GF' and LF denote higher
risk or higher risk aversion. Following the theoretical results, we include these risk factors on
their own and interacted with net currency exposure in the estimating equation.

Second, the model indicates that the parameters for the risk taking channel and those

of uip and cip depend on country specific features (banking sector leverage and country
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specific average risk factors). We restrict them to be the same across countries in the baseline
specification for simplicity, but check robustness of the main findings to allowing the parameter
estimates to vary across countries.

Third, the cost of engaging in foreign exchange swap contracts, «, is not empirically
observable and is hence not included in the regressions. « is likely to be correlated with cip
as in Ivashina and Stein [2015]. If indeed we were to allow « to be proportional to cip in the
model, the two terms would collapse into one with a different parameter. This interpretation
of what cip is capturing in the regression should be kept in mind when interpreting the
results. Moreover, to the extent that the balance sheet cost is common across countries, we
can capture it with time fixed effects that pick up all factors that are common across countries
but vary over time. As a robustness text, we hence also run the regressions with time fixed
effects instead of the global factor on its own, but still including the interaction between the
global factor and net currency exposure.

Finally, we add country fixed effects to capture all time invariant country specific factors
affecting foreign currency funding decisions. Taking into account all these assumptions and

adjustments yields our main empirical estimating equation:

th{z‘OT = Bo+ B1-dlog(GFi_1)+ p2 - Net; - dlog (GF;—1) 9)
+03 - dlog (LFy—1) + s - Net; - dlog (LF;—1)
+B5 - dlog (S;—1) + B - Net; - dlog (Si1—1) + B7 - Net? - dlog (S —1)
+Bs - Net; + Bo - Net? + B - dé’gfr + Bt - dﬁi?r

+512 - duipi 1 + P13 - deipii—1 + i + €y

where th{ Zo T = Si,t,lth’j f " /A is the valuation adjusted change in net foreign currency
wholesale funding as a share of total bank assets, dé'tf o= Z-7t_1dCt]j 2" /Ai 4 is the valuation
adjusted change in foreign currency assets net of wholesale assets as a share of total bank
assets, and dl~?£ fT = -’t,ldD{’ ?r JAi+ is the valuation adjusted change in foreign currency
liabilities net of wholesale liabilities as a share of total bank assets.

The model analyzes the bank’s demand for foreign currency wholesale funding, taking the

supply side as well as domestic and global prices of funding as exogenous. It is possible that
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changes in demand also affect prices and supply, giving rise to endogeneity, a common problem
in the literature. We follow the standard approach of lagging all explanatory variables by one
quarter (e.g. Cerutti et al. [2017a]). Given that there is some persistence in bank balance
sheet dynamics and in the explanatory variables, one should bear in mind that lagging may
not fully alleviate endogeneity concerns.

The model implies that £1, f2, B4, B and [1g are positive, and 87, (11, B12 and (i3 are

negative. There are no priors for the signs of the remaining parameter estimates.

4 The Data and Stylized Facts

The main data source for bank balance sheet positions is the Swiss Franc Lending Moni-
tor (SFLM), containing end-of-quarter bank balance sheet positions. Other sources include
Datastream, Bloomberg, the US Financial Accounts and national statistical agencies and
central banks. Details and data formatting of the individual series used are described in

Appendix B. The date series we consider and some key stylized facts are presented below.

4.1 Bank Balance Sheet Data

Testing the portfolio balance predictions requires data on the portfolio structure of banks
across currencies. Such data are available in the Swiss National Bank’s Swiss Franc Lending
Monitor database of country-level bank balance sheets. The SFLM contains aggregate bank

15 We consider

balance sheet data collected from 20 participating FEuropean central banks.
16 of these countries which have sufficiently complete data.' Most of the data are publicly
available through national data sources. The advantage of the SFLM is that it is all merged
in a cross-country consistent way. The SFLM was initiated in 2009, but some participating
countries provide data for earlier quarters as well and we use an unbalanced sample that

starts in the first quarter of 2007.17 This allows us to cover a part of the financial crisis

period. We check robustness throughout to excluding data prior to Q2 2009, which turns

15 Austria, Bulgaria, Czech Republic, Croatia, Denmark, Estonia, France, Germany, Greece, Hungary, Iceland,
Italy, Latvia, Luxembourg, Poland, Romania, Serbia, Slovenia, Slovakia, and the United Kingdom.

We exclude Iceland and France due to insufficient data coverage. Luxembourg is excluded as an outlier,
and Poland is excluded due to incomplete data on the asset side of the balance sheet. We include data for
Estonia from 2011 when it joined the euro. Estonia is hence considered a euro area country. In contrast, we
include data for Latvia only until 2014, when it joined the euro, and we hence consider Latvia a non-euro
area country in this sample.

17"The individual country charts in the appendix reflect the period covered for each country.
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out to be important. The SFLM provides quarterly data on various components of resident
banks’ balance sheet positions, aggregated at the country level.!® All positions are broken
down by currency of issuance, namely across positions in local currency, positions in Swiss
francs, and positions in foreign currencies other than the Swiss franc. The latter category
is not broken further down into individual currencies. Assets are split between lending and
other assets, while liability positions are split between deposits (including repo and interbank
borrowing), own securities issuance and other liabilities. Lending and deposits are further
divided across counterparties, separating positions into claims on and liabilities to resident
banks and non-banks, and non-resident banks and non-banks.!” The dataset is comparable
in structure to the BIS locational banking statistics, but with a different coverage across time
and countries. Specifically, the division of bank balance sheets by currencies in the SFLM
covers a broader set of European countries, and in particular includes a comprehensive set of
eastern European countries not reporting to the BIS locational statistics. A disadvantage of
the SFLM compared to the BIS locational statistics is that it does not include data on flows.
These have to be computed by adjusting positions for valuation changes from exchange rates,

as discussed below.

4.2 Foreign Currency Wholesale Funding

The variable of interest is the change in net wholesale funding in foreign currency (evaluated at
constant exchange rates) relative to total bank assets net of domestic interbank positions.?%:2!
We measure foreign currency wholesale funding as the difference between foreign currency
liabilities to non-resident bank counterparties, minus foreign currency denominated claims on
non-resident bank counterparties. The SFLM reveals substantial variation in the degree to

which banking systems rely on foreign currency funding. Figure 2(a) shows the net wholesale

funding position in foreign currency at the beginning and the end of the sample period. A

18The data thus includes subsidiaries of foreign banks, but not foreign bank branches. Subsidiaries of foreign
banks, especially European ones, account for a very large share of the market, particularly in some Eastern
European countries.

19Resident non-bank counterparties are further divided by households, non-bank corporations and government.
The data does not divide positions with foreign bank counterparties by foreign parent bank and unrelated
foreign bank.

20T focus on changes in positions between the domestic banking sector and the rest of the economy, we exclude
domestic interbank positions from total bank assets throughout.

2Including non-bank foreign claims and liabilities does not affect the results, as these positions are relatively
small.
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positive value indicates that the country has net wholesale liabilities in foreign currency (in
line with the model definition of W as a net liability). Most banking systems in the sample
countries were net debtors in wholesale funding in foreign currency at the beginning of the
sample (black bars). Moreover, most countries with a large initial share of net foreign currency
funding had substantially reduced it by the end of the sample period (grey bars), which may
reflect efforts to reduce leverage and/or risk exposures in the aftermath of the global financial
crisis. Bulgaria went from being a wholesale debtor to being a wholesale creditor in foreign

currency.??

o
| I
,-IIIII

o—l.__f

0

EERE]

-1
|

EE DE SK AT GR CZ IT Sl RS DK HR GB BG RO HU LV o]
[ I 200901 201601 | IT DE SI SK GR HR AT GB RS Cz DK HU LV RO BG EE
(a) Foreign Currency Wholesale Funding Stocks (b) Foreign Currency Wholesale Funding Flows

Figure 2: Foreign Currency Wholesale Funding

Panel (a): Net FX wholesale funding share of liabilities is calculated as FX deposits from foreign
banks less FX lending to foreign banks as a share of the sum of net FX wholesale funding and all other
funding. The Figure depicts levels in 2009Q1 and 2016Q1 with the following exceptions: Croatia starts
in 2010Q1, Estonia starts in 2011Q1, Latvia in 2013Q3, Italy starts in 2009Q2 and ends in 2015Q4,
Slovakia ends in 2015Q4. Panel (b): The dot depicts the country specific sample mean net FX
wholesale funding flow (valuation adjusted quarterly change in stock). The bars depict one country
specific standard deviation on each side of the mean. Source: SFLM.

As the SFLM quotes the positions in domestic currency, we adjust changes in positions
for the direct valuation impact of exchange rate movements when computing flows associated
with foreign currency denominated positions. This is easily done for positions in Swiss francs,
which are quoted separately in the SFLM. It is more challenging for other foreign currency

positions that are not quoted separately. For the currency breakdown of these positions, we

22These changes over time can have been obtained through outright foreign currency funding flows, through
changes in the size of total funding relative to FX funding (growth), or through valuation changes (depre-
ciating domestic currencies). Possible underlying time trends in flows are allowed for and controlled for in
our empirical specification by introducing country fixed effects.
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rely on country specific data sources. The steps and the sources used for valuation adjusting
changes in positions are described Appendix C.

Appendix D contains time series plots of the resulting net foreign funding flows in foreign
currency to bank counterparties as well as cross-border flows in domestic currency for indi-
vidual sample countries. We observe substantial variation across countries and time in net
foreign currency wholesale funding flows, summarized in Figure 2(b). A pattern of particular
interest is that foreign currency bank flows have smaller amplitudes in euro area countries
than in non-euro countries, relative to the total assets of their banking systems. Indeed, the
sorting of countries by the standard deviation of flows in Figure 2(b) cleanly separates the
sample into euro countries with low variation in flows to the left, and non-euro countries with
high variation in flows to the right.?3 This pattern partly reflects that cross border flows in
euro countries are to a larger extent denominated in local currency, the shared euro.?* We
therefore carry out all regressions splitting the sample into euro and non-euro area countries,

a distinction that turns out to be important.

4.3 Risk Factors

To investigate the response of wholesale funding flows to global and local factors, we need
measures of risk factors. The literature proposes a host of empirical proxies for global risk
factors capturing different aspects of global sentiment. There is no consensus on which mea-
sure is most appropriate or accurate. We therefore take an agnostic approach and consider a
range of these. We present the main results based on quarterly growth in US broker dealer
leverage as a global risk factor, following Adrian et al. [2014]. Higher leverage growth among
US broker dealers has been shown to be associated with lower global risk aversion and higher
liquidity within global wholesale funding markets (see for instance Bruno and Shin [2013]).
This measure is particularly relevant for risk sentiment specific to international banking flows.
Our robustness checks show that while the results using growth in US broker dealer leverage
are very robust, this is not the case for other types of global risk measures.

In the empirical specification, we multiply broker dealer leverage growth by —1 so that an

23We cluster standard errors on countries in our regressions for this reason.

240ur focus is on flows relative to the size of the balance sheet of the domestic banking sector. Absolute
nominal foreign currency flows may well be large for some euro countries given the size of their economies
and banking sectors.
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Figure 3: gbdl and the VIX

gbdl is the quarterly growth in US broker dealer leverage multiplied by minus one. lviz is the log
of the highest realized value of daily realizations of the VIX over the quarter. See Appendix B for
sources.

increase denotes a higher level of risk aversion or more restrictive global financial conditions,
comparable to how we interpret other global risk measures. We refer to this measure as gbdl.
Other measures considered include the log of the VIX (Forbes and Warnock [2012], Rey
[2015], Goldberg and Krogstrup [2018]), which we refer to as lviz, the relative change in the
US real and nominal effective exchange rates following recent work by Avdjiev et al. [2016],
and other different measures of US financial and monetary conditions further described in
Section 5.3. Figure 4.3 shows that while gbdl and lvix comove over the sample period, this
is far from a one-for-one movement in the quarterly frequency. As we do not have similar
proxies for the local risk factors for all sample countries, we proxy for the local risk using the

realized intra-quarter volatility of the daily exchange rate vis-a-vis the US dollar.

4.4 Net Foreign Currency Exposure

As our model predicts that the sensitivity of bank foreign currency funding flows to global
risk factors is conditional on banks’ net foreign currency exposure, we need a measure of
the latter. Section 3 defines the relevant measure as the financial institutions’ total currency
exposure, including off-balance sheet positions. The SFLM, however, does not report off-
balance sheet exposures, and we are not aware of other sources of data that do so consistently
across countries and time. We instead rely on the on-balance sheet foreign currency mismatch,

which is directly observable in the SFLM. Specifically, we measure Net; in expression (9) as
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total foreign currency assets minus total foreign currency liabilities, divided by total bank
assets.?> Net; can conceptually range from —1 (if all liabilities and no assets are in foreign
currency) to 1 (if all assets but no liabilities are in foreign currency). A positive value indicates
that the banking sector of country 4 has a long foreign currency exposure on its balance sheet.
We rely on the lagged Net; in the regressions.26

Figure 4(a) depicts country specific sample average foreign currency exposures for each
country and their standard deviation. Figures 8 to 10 in Appendix D provide more detailed
evidence and show the times series of Net; for each sample country. We see that with the
exception of Estonia, Greece and Austria, euro countries have had a relatively small net
foreign currency exposure on average over the sample, with very little variation, consistent
with bank regulation tending to require very low currency exposures. With the exception of
Romania, non-euro countries tend to have more persistently positive net currency exposures
(i.e. they tend to be net long), with more variation in the exposure over time.

Our model assumes that banks use the currency mix of their wholesale funding to absorb
excessive foreign currency exposures in the other components of their balance sheet that they
cannot adjust as rapidly. The net currency exposures in our data set are consistent with this
use of wholesale funding. The net on-balance sheet exposure can be decomposed into the
exposure within wholesale funding positions and the exposure within the other components
of the balance sheet. Figure 4(b) contrasts the currency exposure in wholesale funding with
the exposure in the other components. The country-specific average exposure excluding net
wholesale funding is shown on the horizontal axis, while the exposure in the wholesale funding
position is shown on the vertical axis. If banks first decide on a net currency exposure and
then divide this evenly across different instruments, we should observe a positive association
between the exposure in wholesale and non-wholesale positions. Conversely, if banks instead
use the currency mix of wholesale funding to offset the exposure in other positions, in line
with our model, the dots would line up on a negative line (the 45 degrees line if exposures

were fully off-set). Figure 4(b) shows a very clear negative association, consistent with banks

%Total bank assets exclude domestic interbank positions. Austria, Denmark and the Czech Republic do not
report other assets and liabilities. For these countries, we instead proxy the foreign currency mismatch by
the mismatch reflected in total lending and total deposits only.

26We cannot assess the theoretical concept of the long-term underlying structural value of the currency exposure
empirically given the short sample. The country specific mean would reflect pressures to manage risk in the
aftermath of the global financial crisis and would not be accurate. The lagged time varying net exposure
allows us to take advantage of the time variation in addition to the cross country variation in exposures.

22



n [Te]
9 0 Q| OEE
2
8
§ oF  ear
il =° *®T eGR ors
} 5 ®sl ODKR
Q
€ oGB ®BG
0 } { { 'E“o’,, ®HR
S A 2D )
(]
i :
£
£
] } IR H
Q@
> oHU
gm
S|
87} 57
; E ®RO oLV
o]
Zo
= o T T T
Y7777 71— =il 0 1 2 3
EE RO CZ SK IT GB DE SI GR HU AT DK LV HR BG RS Net FX exposure excl foreign interbank positions
(a) Net Foreign Currency Exposure (b) FX Exposure in Wholesale and Other Positions
-
=
ggi @®DK
gE
2 ®HR
§D acy ®®DE ocr T
£ LE oHU oLV
& esi
S ®RS
2
s g i oGB
X 1
w
pm e5c
Sa
B
2z
= RO
S
g e
i)
O
0 T T T T T T T
-.04 -.02 0 .02 .04 .06 .08 Al

Average foreign currency mismatch

(¢) FX Funding Sensitivity to Global Factor and Net
Exposure

Figure 4: Net FX Exposure and Global Factors

Panel (a): The dot depicts the country specific mean net FX exposure, bars reflect one standard
deviation on each side of the mean. Net FX exposure: FX assets less FX liabilities divided by total
bank assets net of domestic interbank positions. Panel (b): Country sample means. Net FX exposure
within foreign wholesale positions is computed as FX lending to foreign banks less FX deposits from
foreign banks divided by total assets net of domestic interbank. Net FX exposure excl. foreign
wholesale positions is computed as FX assets net of FX lending to foreign banks less FX liabilities net
of FX deposits from foreign banks, divided by total assets net of domestic interbank assets. Panel
(c): The vertical axis reflects the regression coefficient from country-specific simple OLS regressions of
foreign currency wholesale funding inflows in percent of total assets on lagged gdbl and a constant, for
the sample from 2007Q1 to 2016Q2. The horizontal axis reflects country mean FX exposure. Sources:
SFLM, the Federal Reserve and authors’ own calculations.

responding to the foreign currency exposure in their non-wholesale portfolio by adjusting
positions in the wholesale funding market.
To assess whether there is an association between net currency exposure and the uncon-

ditional correlation of bank funding flows and global factors, Figure 4(c) plots the country
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specific regression coefficients from simple country-by-country regressions of net wholesale
foreign currency funding inflows in percent of total assets on lagged gbdl and a constant,
against the country’s average net foreign currency exposure. The variation in both size and
sign on the vertical axis reflects substantial heterogeneity in the unconditional correlation of
funding flows with global factors. Some countries tend to see inflows associated with a rise in
global risk conditions, while other countries tend to see outflows. The figure also suggests a
positive association between banking systems that are short foreign currency and a negative
association of funding inflows with global risk factors. Two countries in particular drive this
association, namely Estonia and Romania, while some other countries exhibit the opposite
pattern, such as Bulgaria. The regression analysis in Section 5 confirms this pattern when
controlling for other factors and taking into account time variation.

A key question is the extent to which the on-balance sheet foreign currency exposure re-
flects the banking sector’s actual total exposure. If banks use off-balance sheet instruments
to fully hedge foreign currency risk, the true exposure would be zero and we should not find
any effect of the variables interacted with the on-balance sheet exposure (which would be
meaningless). Instead, the regressions produce the expected significant sign for the inter-
action between on-balance sheet currency mismatch and the global factor, as shown below.
This suggests that on-balance sheet exposures do contain relevant information about total
exposures, at least for some countries. In addition, the potential imprecision due to the omis-
sion of off-balance sheet exposures could lead to attenuation bias of the parameter estimates,
suggesting that actual associations could be even stronger.

As an alternative approach to measuring currency exposure, we note that Expressions (4)
and (5) describe the relationship between the on-balance sheet exposure and the total exposure
as a function of the deviation from covered interest parity, or N etboaff =N et%:g;f + ngbﬁ
Assuming that « is a constant or linearly proportional to cip, we then regress the net on-
balance sheet exposure on the deviations from covered interest parity. The residuals from
that regression are, in turn, used as an alternative proxy for the total balance sheet exposure:

~ TOT
Net;;  =eiy (10)

)

where €;; are the residuals from the panel regression N etiOtBS = fcipi + €i7t.27 As this

2"Note that €i,t contains a constant term.

24



approach relies on data on deviations from covered interest parity which are quite volatile
(see below), and because other factors not included in the model that could influence the
net total currency exposure of banks, such as bank regulation of risk exposures, we use this
measure of total exposure only as a robustness check, and not as our main measure of currency

exposure.28

4.4.1 Other explanatory variables

We control for the other explanatory variables suggested by the empirical specification derived
from the model (Equation 9). We briefly discuss these variables here, and leave a more
detailed description of definitions and sources (as well as information on additional data used
in robustness tests) to Appendix B.

In the main specification, the foreign exchange rate is measured against the US dollar,
dUSD, with a positive value indicating an appreciation of the dollar during the quarter.
The US dollar is the most prominent bank foreign funding currency, but euros could also be
important in the sample of countries outside the euro area. Robustness tests discussed below
using the euro as foreign funding currency for this set of countries show that USD results are
more significant and robust.

We compute the flows of new loans and deposits in foreign currency, dC*X and dD¥X
based on the SFLM positions adjusted for the valuation effect of exchange rates. Relative
funding costs in domestic and foreign currency are proxied by deviations from uncovered in-
terest parity, dUIP, computed as the simple interest differential, and deviations from covered
parity, dCIP, explained in more detail in Appendix B.%?

Summary statistics of all the main variables included in the regressions are provided in

Table 1.

28In robustness tests using the level of deviations from wip unadjusted for equity or risk as a proxy for net
foreign currency exposure, we get very similar results. Not shown, but results are available upon request.

29Currency swap markets are not necessarily liquid for all these countries, giving rise to rather volatile devia-
tions, notably for Latvia (which accounts for the max and min observations of the dCIP recorded in Table
1, Romania and Serbia. In robustness tests not reported here, we have used averages of the last month of the
quarter instead of the last week of the quarter in order to average out some of the volatility. The regression
results are largely the same, however, and deviations from covered interest parity are rarely significant in
any case.
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(a) All Sample Countries

Mean Median Max Min Std. Dev  Obs

dFrX -0.10 -0.10 7.13  -5.66 1.24 482
dF -0.02 -0.02 850  -7.86 1.16 510
Net 0.02 0.01 0.16  -0.15 0.05 519

lvolVSP  -1.33 -1.34 1.37 -3.24 0.79 576
dUSD 3.03 0.08 90.98 -66.12 22.55 576
dCFX 0.07 -0.06 9.02 -15.37 1.66 496

dD¥X 0.11 -0.02 8.92  -4.80 1.41 494
dUIP 0.00 0.03 7.91  -8.04 1.08 583
dCIP -0.00 -0.01 415  -3.85 0.57 536

(b) Non-Euro European countries

Mean Median Max Min Std. Dev  Obs

dFFX -0.15 -0.18 713  -4.49 1.48 276
dF! 0.05 0.03 342  -250 0.76 298
Net 0.03 0.04 0.16  -0.15 0.05 303

lvolVSP  -1.23 -1.21 1.37 -3.24 0.82 324
dUSD 3.55 0.38 90.98 -66.12 24.36 324
dCFX 0.17 -0.02 9.02 -15.37 2.04 290

dDFX 0.24 0.08 892  -4.80 1.77 290
dUIP 0.02 0.05 791  -8.04 1.39 324
dCIP 0.00 -0.01 415 -3.85 0.70 294

(c) Euro Countries

Mean Median Max Min Std. Dev  Obs

dFrX -0.03 -0.06 5.30 -5.66 0.81 206
dF! -0.10  -0.09 850  -7.86 1.55 212
Net 0.01 0.00 0.06  -0.08 0.03 216

lwolV3P 147 -1.43 020 -3.24 0.74 252
dUSD 2.35 -0.59 4550 -39.35 20.02 252

dCFX -0.08 -0.06 494  -5.59 0.86 206
dD¥X -0.08 -0.05 1.91  -2.26 0.55 204
dUIP -0.02 0.01 1.20 -2.10 0.48 259
dCIP -0.01 -0.01 1.24  -1.38 0.36 242

(d) Global Factors

Mean  Median Max Min Std. Dev  Obs
gbdl 2.11 1.44 25.96 -5.22 5.83 37
lviz  332.36  326.77  439.27 283.38 37.25 37

Table 1: Data and descriptive statistics

Non-euro countries include Bulgaria, Croatia, Czech Republic, Denmark, Hungary, Latvia (before joining the
euro), Romania, Serbia and the UK. Euro area countries include Austria, Estonia (post euro), Germany,
Greece, Slovakia and Slovenia. lvol USD, dUSD, dCIP and dUIP are the same for all euro area countries
and the number of independent observations of each would be 39 in the euro area sample. All variables are
expressed in percentage or percentage points, except for Net, which is expressed as a ratio of total bank assets.
The sample is unbalanced and runs from Q1 2007 to Q1 2016. The appendix presents data sources, definitions

and computations in more detail.
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5 Results

5.1 Full sample

We first run the regression on the whole sample of European countries, with the results of
different specifications shown in the columns of Table 2. All specifications rely on growth in
US broker dealer leverage as the global factor. We consider alternative measures of the global
factor in Section 5.3.

Column I shows that the global factor is not significant when it enters on its own and
without other risk factors. It becomes significant when interacted with net foreign currency
exposure (Column II). A higher value of the risk factor, as measured by an increase in gbdl,
raises foreign currency funding for banks that have a long exposure to foreign currency, and
reduces it for banks with a short exposure, in line with the theoretical predictions.

Turning to the other explanatory variables predicted to matter by the model, their role
is less robust. The volatility of the bilateral USD exchange rate, as a measure of local risk
factors, is neither significant alone nor when interacted with net foreign currency exposure.
Global risk factors seem to be more important in driving perceived foreign currency risk than
local factors, for the banking sectors in our sample.

Realized exchange rate movements are only significant, and with the right sign, when
interacted with net exposure (offset of the valuation effect) and through the risk taking
channel (interacted with the square of net exposure). Column VIII shows that this exchange
rate effect is driven mainly by Estonia and Romania, however. We also find that wholesale
funding reacts to the flows of loans granted in foreign currency, with the positive coefficient
indicating a partial offsetting of new exchange rate exposure. This effect is driven mainly
by the variation in the financial crisis period, and is not significant in the post-crisis sample
(column VI). No such offset is seen in response to movements in deposits. We find no evidence
that funding reacts consistently across countries to deviations from interest parity, with the
coefficients on changes in uip and cip deviations both insignificant.

The salient result from Table 2 is the significance of gbdl interacted with exchange rate
exposure. Consider a one standard deviation increase in gbdl (an increase of about 6). Using
the estimates of column V, this will lead to a predicted increase in foreign currency wholesale

funding, and hence a funding inflow, of 0.5% of total bank assets in a country with an initial
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net long foreign currency exposure of 10% of assets,?’ but a predicted contraction of foreign
currency wholesale funding of 0.7% of total assets if the country initially has a net short
exposure of 10%.3!

The significance of the interaction with net exposure is very robust to changes in the
specification; notably to whether fixed and time effect are included (columns IV and IX);
to using the alternative net exposure measure given by Equation (10) (columns X and XI
points to significance in the post-crisis sample)32; to allowing for the parameter estimates of
deviations from interest parity conditions to vary across countries (Table 6 in the appendix)33;
to using the euro exchange rate for computing the exchange rate appreciation and volatility
terms and for the interest rate parities for the non-euro countries (Table 9 in the appendix
shows that the interaction term remains significant, although less so); and to the inclusion
of a number of additional control variables such as inflation, growth and US financial and
monetary variables, as shown in Table 7 in the appendix. The effect of gbdl interacted with
net currency exposure is stronger when the crisis period is omitted (column V and X in Table
2). Columns VI and VII in Table 2 show that the result is not driven by Estonia and Romania
alone, the two countries with the most clearly negative association between foreign currency
exposure and the country specific unconditional sensitivity of net foreign currency funding to
gbdl in Figure 4(c), although the parameter estimate becomes smaller without these countries

in the sample. The specific sample of countries matters, however, and we consider this next.

5.2 Euro area vs. other European countries

As pointed out above, euro area countries and non-euro countries differ strongly in the cur-
rency denomination of cross border bank funding flows and net currency exposures. We
therefore run our regressions separately for these two sub-samples. The results are displayed
in Table 3, where we again focus on the growth in broker dealer leverage as a proxy for the
global factor, and include country fixed effects in all specifications.

The global factor is not significant for either group when entered alone (columns I and

%0_0.017 -6 +1.145-0.1- 6 = 0.46%

31_0.013-6+1.145- (=0.1) - 6 = —0.68%

32The results are also robust to using the lagged value of the level of the deviation from wip as an alternative
measure of net foreign currency exposure, following expression (5). Not shown but results are available on
request.

33In robustness tests not shown, we also allow the parameter estimates of the risk taking term for foreign
currency appreciation to vary across countries, with no implications for the results.
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VII). Tt is however significant when interacted with the net foreign currency exposure for non-
euro countries (column II), but not for euro countries (column VIII). The significance of the
interacted global factor is robust to the inclusion of additional controls for countries outside
the euro area (columns III and IV) and to using the euro as the foreign currency (Table 10 in
the appendix). It is also robust to the countries included in the sample. Excluding Romania
(column VI) reduces significance somewhat but the results remain, and jointly excluding
Denmark and the UK, or sequentially excluding any other country, does not change the sign
and significance of the interaction term (not shown).

The pattern is quite different in the sample of euro area countries. Estonia is an outlier
that strongly affects the regression results and fit, and we therefore exclude it from the
main euro sample in columns VII to X, whereas columns XI and XII illustrate the results
including Estonia. The interaction term of the global factor with net currency exposure is
never significant in the euro area sample. This is quite robust: only in the post-crisis sample
and excluding Estonia (column X) is it marginally significant, but with the wrong sign.

As already noted, on-balance sheet net foreign currency funding is a marginal activity at
the country aggregate level for euro-area countries, both in terms of level and first-differences.
The cross-border on-balance sheet net flows of these countries are predominantly denominated
in domestic currency, and these domestic currency flows are not included in the main spec-
ification. For completeness, we also run the regressions using net wholesale funding flows
denominated in domestic currency, shown in the appendix, Table 8. The change in currency
denomination of cross border flows leads, as expected, to a lower fit of the regression. More-
over, the global factor remains insignificant as a driver of local currency flows in the euro
area.?

Other drivers of foreign currency funding inflows also behave differently across euro and
non-euro countries. There is some evidence of a role for the local risk factor (exchange rate
volatility), as well as of the use of wholesale funding as a way to offset the change in exposure

due to realized exchange rate movements (positive coefficient on Net-dUSD) and additional

34Interestingly, it is significant and with the right sign when interacted with exchange rate exposure in the
non-euro sample. The regressions show other interesting results that are not the focus of this paper. For
example, the coefficient on the deviation from uncovered interest parity is significant and negative in the
full and euro sub-samples, which is not the case for foreign currency flows. Deviations from covered interest
parity are significant and positive in full sample, indicating perhaps some substitution effects between foreign
and domestic currency wholesale funding.
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(a) Non-Euro Area Countries

I 11 1101 IV vV VI
gbdl_, -0.015 -0.033 -0.020  -0.077**  -0.043  -0.078**
Net_; - gbdl_, 1.148%%%  1.078%%  2.127%F*%  1.503%  2.279%F*
lvolV$P -0.255%* -0.020 -0.156 -0.010
Net_q - lvolV;P 3.479 0.960 2.149 1.956
dUSD_, -0.001 -0.005 -0.007*  -0.007**
Net_1-dUSD_, 0.302%*  0.223%*%  (.368*%*  (.181%*
Net?, - dUSD_, -2.691%*%  -1.250  -2.673**  -0.685
Net_, -7.335%  -8.359*%*  _3.251 -9.003%* -6.181 -9.085*
Net? 29.042 23.284 24.638 63.450 67.820 69.559
crx 0.179%*%* (. 174%*%*  (.133%* 0.062 0.035 0.063
DF¥ 0.005 0.015 0.036 -0.056 -0.050 -0.104
dUIP_, -0.089 -0.034 -0.038 -0.042 -0.021 0.072
dCIP_, 0.039 -0.017 -0.023 -0.048 -0.100 0.123
R? 0.15 0.17 0.21 0.11 0.09 0.12
R?adjusted 0.13 0.15 0.17 0.05 0.02 0.06
Nobs 253 253 253 215 191 197
No.cross sections 9 9 9 9 8 8
Sample period Full Full Full PC PC PC
Fixed effects Yes Yes Yes Yes Yes Yes

(b) Euro Area Countries
VII VIII IX X X1 XII
gbdl_1 0.004 0.005 0.005 0.013 0.000 0.012
Net_y - gbdl_q -0.319 -0.264  -0.656* -0.265 -0.624

lvolYsP -0.014 -0.017 -0.060 -0.028

Net_y - lvolV$P 0.858 0.320 2.574 1.335

dUSD_, 0.001 0.001 0.001 0.001

Net_, -dUSD_, 0.488 0.436 0.073 0.038

Net?,-dUSD_, -9.522 -8.887 -0.090 -0.471

Net_q 4.489 5.427 6.611 6.192 37.699%** 40.894%*

Net? -117.662  -125.061 -119.153 -108.566 -813.861%F*  _814.873%**

cr¥ -0.071 -0.071 -0.078 -0.131* -0.107 -0.151

DFX -0.097 -0.097 -0.050 -0.022 -0.102 -0.135

dUIP_, -0.145%  -0.146*  -0.180* 0.014 -0.108 0.179

dCIP_, -0.090 -0.082 -0.056 -0.169 0.037 -0.005

R? 0.06 0.06 0.10 0.12 0.13 0.13

R%adjusted 0.02 0.01 0.03 0.04 0.07 0.06

Nobs 181 181 181 158 199 176

No.cross sections 6 6 6 6 7 7

Sample period Full Full Full PC Full PC

Fixed effects Yes Yes Yes Yes Yes Yes

Table 3: Main regression for euro and non-euro samples separately

The tables shows results from regressions of valuation adjusted bank wholesale funding flows in percent of
total assets. Country sub-samples are listed under Table 1. The full sample runs from Q1 2007 to Q1 2016
and the post financial crisis sample (PC) starts in 2009Q2. Specification VI and VII exclude Romania and
Latvia respectively, specifications VIII-X exclude Estonia. Asterisks *, ** and *** indicate significance at the

10, 5 percent and 1 percent levels, respectively, using white cross section standard errors and covariances.
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foreign currency loans (positive coefficient on dC*X) in non-euro countries. These effects,
however, lose significance once we exclude the crisis period (column IV). Euro area net foreign
currency funding inflows respond significantly to exchange rate changes interacted with net
currency exposure, and to interest rate differentials as captured by dUIP in line with theory.
These findings are sensitive to sample period as well as sample countries included, however.
Table 6 in the appendix shows that funding costs matter significantly in many countries when
these are allowed to differ across countries.

Why are the results so different for euro and non-euro countries? Omne difference could
be in the use of off-balance sheet hedging practises, and hence the information contents of
on-balance sheet net foreign currency exposure as a proxy for total foreign currency exposure.
Euro area banks can use the euro dollar forward market, which is likely to be a substantially
deeper and more liquid market than many of the bilateral forward markets for non-euro area
currencies. The foreign currency funding strains experienced by European banks during the
global financial crisis suggest that these banks were indeed exposed to foreign currency risk
to a greater degree than what the on-balance sheet measures we have access to suggest. If
so, our net foreign currency measure may be more informative about actual exposures in
non-euro area countries.3?

Overall, the regressions indicate that the on-balance sheet foreign currency mismatch
affects the response of cross border bank funding flows to global risk factors, especially in
non-euro area countries. Omitting the interaction with exposure affects the estimates of the
impact of global risk factors in some countries. The result suggests that changing balance
sheet features of financial intermediaries could change the sensitivity of these intermediaries’

capital flows to global risk factors, at least in some areas of the world.

5.3 Alternative global factor measures

As discussion in Section 4, the literature considers a number of alternative measures of global
financial factors as drivers of capital flows. Table 7 in the appendix shows that controlling for
such measures in the baseline regression does not affect the results for gbdl. Table 4 shows
the results for the regressions when including alternative global factor measures in place of

gbdl, for the sample of all countries.

35In future extensions, this conjecture would be investigated by looking at data for the depth and liquidity of
forward markets across currencies.

32



As alternative global factor measures, we consider the log of the VIX, the quarterly
change in the short-term US real interest rate (3-month money market rate less inflation)3%,
and the appreciation rate of the real and nominal effective US dollar. We also considered the
quarterly change in the term spread (10-year treasury yield less the 3-month money market
rate), the growth rate in the US monetary base and the change in the US shadow federal
funds rate estimated in Wu and Xia [2016] as measures of changes in the US monetary policy
stance taking into account the ZLB period with unconventional monetary policy measures,
but none of these were significant in any regressions.

Table 4 illustrates the regression results with the alternative global factor measures with
significant parameter estimates in some specifications. We find that the log of the VIX,
the change in the US real interest rate and the US real and nominal exchange rates all
exhibit similar significant effects on foreign currency funding flows when interacted with net
exposure, as predicted by theory. However, in contrast to the results for gbdl, none of the
interaction terms with alternative global factors are robustly significant when the full set of
control variables are included. Including the crisis period, or splitting the sample into euro
and non-euro countries do not change our findings (not shown).

The less than robust role of the VIX is particularly interesting, as this is the most
frequently used measure of global risk factors in the literature. The result could reflect that
the VIX, being derived from US equity prices, is not a close proxy for global conditions in
banking markets. While the VIX has been found to be an important indicator of global risk
and risk aversion in the literature, it may not be the most important indicator of the type
of global risk factor that matters for foreign currency wholesale bank funding in European

banks outside the euro area.

36We also tried specifying the short-term real interest rate as the shadow federal funds rate of Wu and Xia
[2016] less inflation, with no difference in the results, despite the finding that this measure is much more
correlated with gbdl in our sample.
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6 Conclusion

This paper offers a new perspective on the sensitivity of financial institutions’ foreign currency
funding activity to global risk factors. It is often presumed that an increase in global risk
aversion or volatility will result in a reduction in banks and other financial institutions’ use
of foreign currency funding, which is seen as more risky than domestic currency funding. We
argue that there is no clear unidirectional link between global risk factors and foreign currency
funding, neither conceptually nor empirically. Rather, we make the simple point that the sign
and size of the response of foreign currency funding flows to global risk factors depends on the
nature of financial institutions’ foreign currency exposure, i.e. whether financial institutions
are initially net long or net short in foreign currency.

We first derive this point conceptually from a simple portfolio model of a financial institu-
tion’s wholesale funding currency choice. We then test it empirically using cross border bank
funding flows and bank balance sheet positions in 16 European countries. We find that the
sign and size of the effect of global risk factors on wholesale funding flows indeed depend on
the pre-existing foreign currency exposure of banks, in line with the theory.

The findings are driven mainly by European countries that are not part of the euro area.
In contrast, the relatively small foreign currency funding positions on the balance sheets of
euro area banking sectors are not sensitive to the risk factors we consider. This could reflect
different off-balance sheet hedging practises, making the on-balance sheet foreign currency
exposure measure that we use less accurate in the case of euro area banking sectors. More
research is needed to confirm this.

We also show that the most consistently relevant empirical global risk factor for European
foreign currency wholesale funding is growth in US broker dealer leverage. Other measures
used in the literature, such as the VIX, weakly confirm the role of net currency exposures
in determining the response of foreign funding, but are less robustly significant as drivers of
funding flows in the sample we consider.

We have viewed the response of banks to global risks through the prism of portfolio risk
management behavior. Other factors may be at play, such as regulatory rules regarding for-
eign currency exposures. Moreover, we have focused empirically on bank net funding flows, for
which comprehensive balance sheet data exist that are comparable across countries. Similar

comprehensive data are not readily available for other types of financial institutions inter-

35



mediating an important share of cross border capital flows, such as institutional investors.
Other institutions and sectors may respond differently to global factors, and aggregate re-
sponses across sectors can elicit macroeconomic responses that in turn may attenuate the
initial capital flow pressures. We therefore cannot generalize our results to total cross border
capital flows. More research and better data would help further our understanding of the link
between domestic financial market structure and regulation on the one hand, and capital flow
sensitivity to global risk and hence volatility, on the other.

Our results suggest that different financial institutions may respond differently to changes
in global risk conditions, and hence affect aggregate capital flows differently. A better under-
standing of such portfolio optimization and financial structural drivers of capital flows could
help inform the design and targeting of capital flow management measures to reduce capital

flow volatility.
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A Theoretical model

A.1 Building blocks

A.1.1 General approach

This appendix presents our model and the main technical derivations. We focus on exchange rate risk for brevity, and leave a more
general variant of the model to a detailed appendix available on request.

We consider a bank active over two periods, ¢ and ¢ + 1. Its assets consist of risk-free loans in domestic and foreign currency.
Its liabilities are made of risk-free deposits in both currencies, wholesale funding in domestic and foreign currency, and equity. The
emphasis is on the portfolio choice of wholesale funding across the two currencies. Portfolio choice is driven by the volatility of
shocks and the covariance across various variables, as well as changes in these moments. We follow the approach of Tille and van
Wincoop [2014] and split variables across their components of various orders. Orders differ through their linkage to the shocks in the
model. Specifically, zero-order components are not proportional to innovations. First-order components are linearly proportional to
innovations. Second-order components are linearly proportional to the square product of innovations. Third-order components are
linearly proportional to the cubic product of innovations. For a variable z; the component of order n is denoted by z: (n), so that:
e = (0) + 2 (1) + 24 (2) + 2 (3) ...

We first solve a baseline (zero-order) portfolio which reflects exogenous terms in the bank balance sheet, interest rates, expected
exchange rate movements, and the moments of stochastic variables. We then solve for the (first-order) deviations of the portfolio

from that baseline, which reflect how the various drivers differ from their values in the baseline.

A.1.2 Exchange rates

The exchange rate in terms of units of local currency per unit of foreign currency is denoted by S. The exchange rate in period ¢
is written as Sy = S (0) exp [s¢], where S (0) is the zero-order component that we set to 1 for simplicity. s; includes components of
first-, second-, and third-order: s; = s; (1) + s¢ (2) + s¢ (3). Similarly, Si+1 = exp [s¢+1] where s;41 is also affected by a shock €f,; of

mean zero and variance including second-and third-order terms:

1 o
str1 = St1 (1) + 5141 (2) + 5642 (3) — 50?90 [+ v (D] + e
E, (ef+1) = 0
Var, (Ef+1) = 0f. 14+ (1)

The bank can invest in a forward exchange rate contract. The forward exchange rate, Fi11 = exp [ft+1], differs from the expected

future spot rate by a forward premium p;+1 that has second- and third-order components:
exp [fe41] = exp [pr41 (2) + pea1 (3) + se41 (1) + se41 (2) + 541 (3)]

A.1.3 Components of the bank’s balance sheet

The bank holds exogenous amounts of loans in both currencies. For simplicity, we consider that the interest rate is not stochastic for
loans in either currency and set the gross interest rate to 1, so the value of loans is constant in the currency of denomination. The

value of loans are written as:

cem = ¢%°™ (0) exp [cdom] .ol =0 (0)exp [cfor]
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where dom and for denotes position denominated in domestic and foreign currency respectively. The bank also holds exogenous

deposits in both currencies which are written along similar lines:

D™ = D™ (0) exp [ddom] . D" =D (0)exp [dfor}

The bank can get wholesale funding in both currencies. Funding in domestic currency carries a risk-free interest cost equal to

exp [rﬁ‘f am]A The value of the wholesale position in domestic currency in the two periods is then:

Wtdom _ Wdom (0) exp [wdom:| : Wtdfln _ Wdom (0) exp [wdomi| exp |:T2/V+,iiomi|

The value of the foreign currency wholesale position is defined similarly:

W/ = W/ (0) exp [wfor] : Wtfflr — W/ (0) exp [wfor] exp [Ttvgor]

The interest rates include second-, and third-order components (for simplicity we abstract from first-order components):

W,d W,d W,d
Ti41 = Ti41 (2) + rt+10m (3)
w, w, w,
Tt+{w = Tt+{w (2) + 7't-t,-lfor (3)

We define the uip deviation as the gap between the expected cost of domestic and foreign currency funding (for r = 1,2, 3):

wipiy (r) =m0 () + sepa (1) = s (r) = V7O (r)

Similarly, the cip deviation is (ps¢+1 (1) = 0):

cipes1 (1) = peya (1) + wipeta (1)

One unit of the forward foreign exchange contract purchased in period ¢ requires that the bank delivers one unit of foreign

currency in period t+ 1 and receives Fi41 units of domestic currency in exchange. Holding the contract thus implies a short exposure

to the future spot exchange rate. The bank buys G'°" = GY°" (0) exp [gf OT] units of the contract. Holding the contract also entails

a quadratic friction, so the ex-post payoff of holding G{OT units is:

. A 2
wa (FtJrl _ StJrl) _ Oét2+1 Ft+1 (Gfov)

The terms ay41 allows for deviations from covered interest parity without going to corner solutions.

Using the building blocks above, the equity of the bank in period ¢ is:

K, = (m _ plem _ypydem 4 g, (Cfor _ plor _ Wtfor)
= C"™"(0)exp [cdom] — D™ (0) exp [ddom] — W™ (0) exp [wdom] (11)

+cfor (0) exp |:5t + cf‘"] — Dfor (0) exp |:5t + dfw] —wtor (0) exp [st + wfw]

The equity in period ¢ + 1 is:
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Kit1

gdom _ pdom _ WtdomRXV_'_,fzom T St (Cfor _ plor _ W, OTRXK{OT)

+GTT (Fypr — Seg1) — % (wa)2

= %™ (0)exp [ch’”] — D™ (0) exp [ddom] (12)
+C77 (0) exp [st+1 + cfor] — D" (0) exp |:St+1 + df‘"}

_yydom (0) exp [wdom + Txfom] _wier (0) exp [Stﬂ Ll rtV:/L,lfor]

+G7 (0) exp [ 7] (exp [fis] — expsera])

—% (wa (0))2 exp [ngor + ft+1]

A.2 Optimal funding portfolio

A.2.1 TUtility and constraint

We now turn to the optimization in period ¢. The bank maximizes the expected utility of future equity: Fiu (K¢t+1,7:), where ¢ is

a parameter (e.g. a risk aversion coefficient) known at time ¢. We split that parameter between zero- and higher-order components:

~¢ = v (0) exp [§]. The optimization is subject to the constraint of overall wholesale funding at period ¢:

Wy = W™ + S, WFom = W™ (0) exp [wdom] + W' (0) exp [st + wfw]

The Lagrangian is:

B R+ [ 0[] 897 0y o 7|

dom

The first-order conditions with respect to W2°™, and W/°" are:

¢t = FErux (Kit1,7)exp [TtWJr’ijom]
prexpse] = Euug (Kip1,7) exp [8t+1 + DT]

Combining these leads to the first portfolio Euler equation:

S or om
0 = Bauxg (Ki1,v) [ ;“RXK’{ — R }
t
0 = Fug (Ki1,7) [exp [St+1 — st + rﬁ’{or] — exp [Tﬁ’fom“ (13)

The first-order conditions with respect to the forward contract G°" is:

0 = FEuur (Kir1,7) |:Ft+1 — St41 — at+1Ft+1GfOT:|

0 = FEwur (Kir1,7) (@xp|fea] = exp [sea]) (14)

—a41G77 (0) exp [g77 + feq1]

The optimality conditions (13) and (14) are highly non-linear and we need to take approximations around the zero-order allocation.
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A quadratic expansion captures risk and provides us with the zero-order solution for Wtf °" and G¥°". Capturing shifts in risk, which

is necessary for the first-order solution for Wtf °" and G¥°", requires a cubic approximation of the equations.

A.2.2 Expansion of the Euler conditions

Zero-and first-order components
It is useful to first focus on the zero- and first-order components of (13)-(14), which are:

0 = uxari1 (0) G (0)

where ux = uk (K¢+1(0),7v(0)). The zero-order components of excess returns is zero, as otherwise there would be no interior
solution. The zero-order component of the quadratic cost is also zero, as+1 (0) = 0.

The first-order component is obtained from the linear approximation of (13)-(14):

0 = wipyr (1)

0 = a1 (0) [¢° (1) + see1 ()] + a1 (1) = @ (1)

The uip holds to a first-order. The first-order component of the quadratic cost is zero. a¢4+1 (1) = 0. In other words, the holding
cost is of the same order as the forward premium, which has components of order two and above.
We define two measures of the zero-order components of exchange rate exposure in period t + 1. The first, Net©B9, reflects the

on-balance sheet exposure. The second, Net?©7 | indicates the overall exposure including the position in the forward contract:

Net®P5(0) = ¢’ (0) — D" (0) — W'°" (0)

Net™®T (0) = Net?P%(0) -G’ (0)

Notice that the first-order shifts in loans and deposits that are not driven by exchange rate valuation effects have to be mirrored

by shifts in wholesale funding:

0 = C*™(0)c*™ (1) — D¥™(0)d™™ (1) — W™ (0) w™™ (1)

+C7m (0) o (1) = DI (0) dF° (1) — W (0) w! T (1)

In addition, only valuation effects from the exchange rate affect the initial equity:

Ko (0) ke (1) = [Cf‘” (0) — D'°" (0) — wer (0)] st (1) = Net®PS (0) - s, (1)

Expansion of first Euler equation
The expansion of (13) takes the form:

0 = lineara + %quadratic/; + %cubicA
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The linear term is the only one with a first-order component, which implies that uip holds to a first order. The second- and

third-order components of the linear term are:

1
lineara (2) = ux <uipt+1 (2) — QUJ%“?)
. . 1 2 o
lineara (3) = wuk | uipiy1 (3) — 30fVit (1)
The quadratic term has second- and third-order components:
quadratica (2) = uKU?z + 2up e NetTOT (0) O’?z
1

quadratica (3) = 2ukk <uipt+1 (2) - 50%) NettOjLBlsst (1)

o . 1 .
+2ur e Net™OT (0) 0Faviyr (1) + 2urc (uzptH (2) — 5‘7?%) ~v(0)4 (1)
om . 1 o
+uk {21{:? (1) (usz_l 2) — EJJ%E) + J?IWH (1)}

The cubic term only has a third-order component:

cubica (3) = 6urxxxNet®?% (0) Net" 7 (0)s, (1) 0te
+3 [ur iy + ur ] Net™ T (0) 7 (0)4 (1) 07, + 3uxx Net®?? (0) s¢ (1) 07
+6ur kT L™ (1) Net™ " (0) 07
C’or(0) o (1) — DI (0) d " (1)
+6us K —Wwler (0) (wfor (1) + rivfer (1)) o2,
+Net? 9T (0) ser1 (1) — GT7(0) g7 (1)

F3urr o (1) 030 + Suryy (0)4 (1) 070

Expansion of second Euler equation
The expansion of (13) takes the form:

0 = linearp + %quadraticB + %cubics

The linear term has second- and third-order components:

1 or
linearg (2) = uk |:pt+1 (2)+ 5012% — G (0) apya (2)]

2

tinears (3) = ur |pens (3) + 3RarTin (D) = G O)acnr (3]

The quadratic term has second- and third-order components:
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~UKO Ty — 2urx Net™ T (0) 0te
1 -
wr (2501 (1) (pess )+ 303 ) = oharfea (1)

—2ux G’ (0) (gfor + ft+1) a1 (2) — 2uk i Net™ 07 (0) 07,0711 (1)

quadraticp (2)

quadraticp (3)

$2uy [ps (2)+ oo = &7 O 3] 107 (1)

1

201%1 — G (0) v (2)} Net®P% (0) s¢ (1)

+2ur K |:pt+1 (2) +

The cubic term only has a third-order component:

cubicg (3) = —3urst+1 (1) UJ%Z — bur kst (1) NetTOT (0) 0?2

—6ur ik Net®P® (0) Net™ " (0) s, (1) 07,
—3uryx + urr] Net"?T (0) 4 (0)4 (1) 072 — Surx Net®?% (0) s (1) 07,
cfer (0) /o (1) — DIr (0) d/o" (1)
—Gurcr | =W () (w (1) + () |
+NetTOT (0) ser1 (1) = GT7 (0) g7 (1)

—3uryy (04 (1) 0%,

A.2.3 Portfolio solution

Combining the second-order components of (13) implies:

ux  uipes1 (2)

Net™T (0) = K (0 15
AT (0) = K (0) (15)
The second-order components of (14) give the solution for the forward contract:
; 2
Gfor (O) _ Clpt+1 ( ) (16)

a1 (2)
This corresponds to the baseline solution (5) in the main text, with be;’; = G (0), NetEQT = Net™07 (0), Kpase = K (0),
UiPbase = Wipt+1 (2), Voase = (—uxk K) UK, 04 pase = Ota, CiDbase = Cipry1 (2), Qbase = t1 (2).
The third-order components of (13) give the first-order component of the foreign currency wholesale funding and forward contract

position:

W (0)w’™ (1) + G (0) " (1)

Uk uipit1 (3)

= -K
©) —Kugk O'J%

(17)

x

+Net™OT (0) [uf+1 (1) + (_;‘:” Lukrn + “K”K) ~v(0)4 (1)}

2 UK K
+Net™OT (0) si41 (1) + CT7 (0) 7 (1) — DT" (0) a7 (1)

UK UK K

The third-order components of (14) give the first-order component of the forward contract:
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o= e - e s
The firs-order shifts in the forward contract reflect third-order shifts in the covered interest parity and in the holding cost.
(18) corresponds to the shifted solution (?7) in the text, with G;‘,‘;;"ft = GIom (0) g7 (1), cipshit = ciprr1 (3), Qshift = ary1 (3).
Similarly, (??) corresponds to (7) in the text with st;fﬂ = W (0)w'" (1), 0F4 enipe = V71 (1), Ysnige = 7 (0)5 (1), St,snife =
sea1 (1), Clify, = O (0) 7 (1), DIy, = D7 (0) &7 (1), wipshige = wiprsa (3).

A particular case is the CRRA utility function (u = (K)'~7 (1 —~)~"), where (??) becomes:

W (0w (1) + 67 (0) " (1)

= KO 2 N ) b (1) 44 (1)
0%

+Net™T (0) s (1) + C7° (0) ™" (1) — D" (0) d”°" (1)
NetTOT (0)

—Net?B%(0) 20

St (1)

B Data

The main data source for bank balance sheet positions is the Swiss Franc Lending Monitor (SFLM), containing end-of-quarter bank
balance sheet positions. Other sources include Datastream, Bloomberg, the US Financial Accounts and national statistical agencies

and central banks. Details and data formatting of the individual series used are described below:

o dWFX: quarterly change in net foreign currency wholesale funding (adjusted for exchange rate valuation) in percent of total
bank assets (Appendix C provides more details on the adjustment for exchange rate valuation). Net wholesale funding for
the banking sector as a whole is proxied by lending to and deposits from foreign banks. For Austria, Czech Republic and

Denmark, data on total assets is not reported. We have instead used total lending for these countries. Source: SFLM.

e dW': quarterly change in net domestic currency wholesale funding in percent of total bank assets. Net wholesale funding for
the banking sector as a whole is proxied by lending to and deposits from foreign banks. For Austria, Czech Republic and

Denmark, data on total assets is not reported. We have instead used total lending for these countries. Source: SFLM.

e Net: total foreign currency assets less total foreign currency liabilities, as a share of total assets. For Austria, Czech Republic
and Denmark, data on total assets and liabilities is not reported. We have instead used total lending and total deposits plus

own securities instead of assets and liabilities respectively for these countries. Source: SFLM.

e dCTX: quarterly change in foreign currency assets other than wholesale assets (adjusted for exchange rate valuation) in percent
of total bank assets (Appendix C provides more details on the adjustment for exchange rate valuation). For Austria, Czech
Republic and Denmark, data on total assets is not reported. We have instead used total lending for these countries. Source:

SFLM.

e dDTX: quarterly change in foreign currency liabilities other than wholesale liabilities (adjusted for exchange rate valuation) in
percent of total bank assets (Appendix C provides more details on the adjustment for exchange rate valuation). For Austria,
Czech Republic and Denmark, data on total assets is not reported. We have instead used total lending for these countries.

Source: SFLM.

e [vix: log of the VIX option-based expected stock price volatility based on the S&P 500, calculated by the CBOE. Highest

daily realized value of quarter (end of quarter has been used alternatively). Source: Datastream.
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e gbdl: quarterly percentage growth in US Broker Dealer Leverage as defined in Adrian et al. [2014], page 9, multiplied by minus
one. Quarterly, based on end-of-quarter accounts.

Source: US Financial Accounts (http://www.federalreserve.gov/datadownload/Build.aspx?rel=71).

e [volY5P: log of the quarterly average of squared daily percentage changes of the nominal exchange rate of the local currency

against the USD (quarterly mean of (100 * dlog(S;))?, where S; is the USD exchange rate. Source: Datastream.

e dUSD: percentage nominal appreciation of the US dollar over the quarter. The exchange rate is measured as the average of
daily exchange rates of the local currency per foreign currency unit in the last week of the quarter. Exchange rate data (for
other foreign currencies) are also used to adjust for valuation effects, as well as directly in the regressions. Bank balance sheet
positions are recorded end of quarter, and to match the exchange rate but avoiding most of the volatility of daily data, we use
the average daily rate in the last week of the quarter. Due to an abnormal move in the exchange rate for Romania between

last quarter of 2014 and first quarter of 2015, we exclude these observations for Romania. Source: Datastream

e JUIP: quarterly changes in deviations from uncovered interest parity. They are computed as changes in the simple USD-
domestic interest differential based on 3-month money market interest rates, with the underlying assumption that expected
appreciation is zero. 3-month Libor interest rates in all currencies are annualized. We use the average of the daily observations

over the last week of the quarter in the regressions. Source: Bloomberg

e dCIP: quarterly changes in deviations from covered interest parity. They are computed daily based on data for 3-month
forward premiums and spot rates against the USD, as well as 3-month Libor rates. Interest rates are annualized and the
average for the last week of the quarter is used in the regressions. Du et al. [2017] show that there is a spike in the deviations
from covered interest parity in the last days of the quarter for a sample of European countries, which they link to regulation
related balance sheet constraints. These spikes are mainly found for shorter maturity deviations (overnight and one-week
deviations), however. We have verified that such spikes are not observable in our data, which allows us to use the average
the last week of the quarter as representative (using the second to last week of quarter does not change results). Source:

Bloomberg.

e dUSRR: US short-term real interest rate. 3-month USD money market interest rate, average for the last week of the quarter,
less US realized annualized inflation rate as defined below, annualizeda. Source: Bloomberg and National Statistical Authorities

or central banks (see specific agencies under growth below).

e dUSREER: quarterly percentage change (annualized) in the real effective exchange rate of the USD. Last month of quarter.
Source: IFS.

e dUSNEER: quarterly percentage change (annualized) in the nominal effective exchange rate of the USD. Last month of

quarter. Source: IFS.

e Inflation: percentage change in the consumer price index between last month of quarter and same quarter the previous year.

Sources: National Statistical Authorities or Central Banks (see specific agencies under growth below).

e Growth: percentage change between quarterly real GDP and the same quarter the previous year. Source: National Statis-
tical Authorities (Austrian Institute of Research, Banque Nationale de Belgique, Danmarks Statistik, Institut National de
la Statistique France, Deutsche Bundesbank, Hellenic Statistical Authority (ELSTAT), Istituto Nazionale di Statistica Italy,
National Statistical Institute Bulgaria, Croatian Bureau of Statistics, Czech Statistical Office, Statistical Office of Estonia,
Central Statistical Office Hungary, Central Statistical Bureau of Latvia, Central Statistical Office Poland, Instit National de
Statistica si Studii Economice Romania, Statistical Office of the Republic of Serbia, Statistical Office of the Slovak Republic,
Statistical Office of the Republic of Slovenia.)
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C Adjusting bank positions for exchange rate valuation effects

Changes in net funding positions across currencies are adjusted for the valuation effect from exchange rate movements, based on the
data available from the Swiss Franc Lending Monitor and other sources. Consider the wholesale funding position of country ¢ in a
foreign currency j. We denote its value in domestic currency at the end of period ¢ by L¢7. The total change in the value of the
position between periods ¢t — 1 and ¢ consists of the active change in that position, Wf’j , and the valuation impact of the exchange
rate. We denote the exchange rate in terms of units of local currency per unit of foreign currency as S; 4 (so an increase is an

appreciation of the foreign currency). The dynamics of the position are then:
L:’j = Lf’—jl + WtCJ + L:’—j1dl”(stc’j)

Which we rewrite as:

jcJ _ ¢ £CyJ
L7 =we’ + 8

where [;7 = dLy? /L7, wi? = W7 /LYY, and §77 = dIn(S;7). There is one such relation for positions in CHF and one for positions
in other foreign currencies. The latter is a weighted sum across various currencies, where @’ is the share of foreign currency j in

the other foreign currency positions (i.e. foreign currency positions excluding Swiss franc positions):

9 = wp 9t 4 gpt (19)

je, X FX 2J &Cid
D Dt (20)
J

where w{"* = > @I w? and [EFF = > wI[ed
The Swiss franc lending monitor provides us with the changes in positions, if’CH and if’FX, but not the individual lfj We also

observe exchange rates éf’CH and the various sfj . While we can directly back out the active portfolio changes in CHF positions

c,CH c

4 , we need to estimate these for positions in other foreign currencies, w;"” . To do this, we construct empirical estimates of

the weights w®/. We rely on three sources. The first is the ECB annual report on the international role of the euro (ECB [2014]).
This publication gives the composition of overall deposits and bank loans for selected countries. It suggests that in many cases,
one currency (primarily the euro) plays a overwhelming role, and in these cases, we assume that the non-CHF positions in foreign
currencies are in that currency.

The second source is the results from regression analyses, where we assume that exchange rate movements immediately affect the
local currency value of the positions denominated in foreign currencies, but affect outright flows only with a lag. Regressing lthX
on the various &; J then gives estimates for the coefficients w®? in (20). We run such a regression for each country, considering the
euro, US dollars, British pounds and yen as foreign currencies. The coefficients are re-scaled to add up to one, giving us estimates
for @, When the regression results provide a good fit for the composition across several currencies, we rely on them. In some cases
the regression results are problematic, for instance when the country has a peg against the euro. In these cases, we rely on a third
source, namely information on web sites of the European Central Bank and a number of the national central banks of the sample
countries. Table 5 lists the approach taken to select weights, as well as the chosen weights, for each of the sample countries. The
weights apply to non-Swiss franc foreign currency positions and sum to one. When only one set of weights is provided, it means that
we apply the same set of weights to both assets and liabilities positions. For some countries, data availability or regression results
allows us to apply weights specific to assets and liabilities respectively, and in these cases, the table clearly distinguishes these.

Finally, we acknowledge that currency weights may have changed across the sample. Data does not allow us such detail. The

potential for changing currency compositions across the sample suggests a source of inaccuracy that we cannot account for.
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CountrApproach Sources Weighting Scheme

AT The Austrian central bank reports that the bulk of non-CHF FX lending to Austria Na- wUSP =0, @fUR = 0, @/FY =1,
domestic households is in Yen. Non-CHF FX lending to domestic non-financial ~tional Bank?* — @%BF =0
firms is about one quarter in yen, the rest is in other currencies. The bulk of
foreign currency lending in Austria is to households. The central bank offers
no information on currency breakdown of foreign currency deposits or other
liabilities. Since the SFLM does not report total assets and total liabilities for
Austria, we have used total lending and total deposits for Austria instead. We
consider that all non-CHF FX is in yen for all subcategories.

BG  Bulgaria’s non-CHF FX positions are largely in euros (see Brown and Stix w0 =0, wFUE =1, @Y =0,
[2014]). Bulgaria has pegged to the euro during the sample period, and we have w@BP =0
hence excluded the euro from the regressions. Given the overwhelming role of
the euro, we consider that all non-CHF FX is in euro for all subcategories.

CZ  Czech banks non-CHF FX positions are primarily denominated in euro, but ECB [2014] wiSD 0.1, =wlUX 0.9,
also has USD denominated positions wllY. = 000, @¢BL = 0.00,

IS0 = 007, FfUE = 0.93,
@iy =0.00, @GR = 0.00

DE  Bundesbank offers detailed data on currency composition of non-euro assets Bundesbank® — wUSD = 0.78, =lUE = 0,
and liabilities vis-A -vis residents (but not for non-residents), which we use for wllY, = 006, w¢BL. = 0.16,
selecting weights. wlI{fbD = 0.84, wfg)}g =0, w‘gfby =

0.03, wZB = 0.14
DK  Danmarks Nationalbank provides detailed information on currency composi- Danmarks Na- wZ oD 0.20, wlTH 0.75,
tion of bank balance sheets in line with information provided by the ECB. tionalbank and  wJLY,, = 0.01, @CBL = 0.04,
ECB [2014] w3 = 030, wfUF = 0.64,
wihY =0.02, @GE = 0.05
EE  For Estonia after joining the euro, we apply the regression results. w50 0.75, wlUE 0.00,
@atns = 010, wibl = 0.15,
3D = 075, =E4E = 0.00,
wihY =0.10, @GBF = 0.15

UK  The regression estimates of currency weights are plausible, and we have based wlSD = 028, wllE, 0.58,

the currency weights that we use on these. wllY, = 014, @¢BL = 0.00,
@50 = 026, wliyE = 0.58,
@ik =0.16, @GR = 0.00

GR  The Greek central bank homepage offers detailed information on currency Bank of Greece® @wlol, = 0.97, wllk, 0.00,
breakdown for lending and deposits in non-CHF foreign currency across time. wlbY, = 003, @¢BL. = 0.00,
‘We have computed currency weight averages for the sample period based on wl’{-f;)D = 0.83, wﬁ%R = 0.00,
these data. wjﬁ;} =0.12, wﬁﬁp =0.04

HR  For Croatia, we do not have access to information on currency breakdown wU5D , wPUR w!PY =
and the regression results are not reasonable. We instead consider that all wGBP =
non-CHF foreign currency is in euro for all subcategories.

HU  The regression estimates of currency weights for Hungary are plausible and wlSD = 034, wlUE = 0.66,
in line with the information in ECB [2014], and we have based the currency wllY, = 000, @¢BL. = 0.00,
weights on these. wl’{j)D = 0.08, wﬁgf{‘ = 0.92,

wihY =0.00, @ZEP = 0.00

1T We rely on the regression results for Italy. w50 =080, wlFUE = 0.00,
wlbY = 010, wG¢BL. = 0.10,
w30 = 0.80, wYF = 0.00,
wihY =0.10, @FE = 0.10

LV Latvia has pegged to the euro during the sample period, and we have hence ECB [2014] wiSh = 0.03, wllE = 097,
excluded the euro from the regressions. We otherwise rely on ECB [2014] for wlly, = 000, w¢BL = 0.00,
determining FX currency weights for Latvia. @30 = 013, =fUF = 087,

@ity =0.00, @FEY = 0.00

RO  Romania’s central bank provides data on currency breakdown of lending and National Bank U350 = 0.04, wEUE = 0.96,

deposits. of Romania? wllY, = 000, @¢BL = 0.00,
IS0 = 0.08, =EUE = 0.92,
@iy =0.00, @GR = 0.00

RS Serbia’s central bank provides detailed statistics on currency breakdown of National Bank @l o, = 0.12, wlOE, 0.88,
lending to and deposits from residents, largely confirming ECB numbers which  of Serbia® and w/LY,. = 0.00, @SBl = 0.00,
we use for Serbia. ECB [2014]. ISP = 0.06, =fGF = 0.94,

@iy =0.00, @GR = 0.00

SI For Slovenia after joining the euro, non-CHF FX are overwhelmingly denom- w0 =1, @PUR =0, =PV =,
inated in USD for assets as well as liabilities. w@BP =

SK  For Slovakia after joining the euro, we apply the regression results. wl50 = 0.88, wEUE = 0.00,

wlly, = 012, o¢BL = 0.00,
@30 = 076, wfUF = 0.00,

wphY =0.00, wZEP = 0.24

* http://www.oenb.at /isaweb/report.do?report=3.78.
b Table 19, http://www.bundesbank.de/Navigation/DE/Statistiken/Banken_und_andere_finanzielle_Institute/Banken/Tabellen/tabellen.html, or

http://www.bundesbank.de/Redaktion/DE/Downloads/Statistiken/Banken_Und_Andere_Finanzielle_Institute/Banken/Banken_In_Deutschland /S134ATB188.pdf
¢ http://www.bankofgreece.gr/Pages/en/Statistics/monetary /assets_debit.aspx
4 http://www.bnro.ro/Loans-to-households-6374.aspx

¢ http://www.nbs.rs/internet /english/80/index.html
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Table 5: Estimates of currency weights in non-Swiss franc FX bank positions
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Figure 5: Net foreign currency and domestic currency wholesale funding inflows

The black line is quarterly valuation adjusted change in foreign currency interbank funding less foreign currency interbank
lending, divided by total bank assets. The gray line is quarterly domestic currency foreign interbank funding less domestic
currency foreign interbank lending, divided by total bank assets. Valuation adjusted described in Appendix C. Source:
The Swiss Franc Lending Monitor, SNB
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Figure 6: Net foreign currency and domestic currency wholesale funding inflows

The black line is quarterly valuation adjusted change in foreign currency interbank funding less foreign currency interbank
lending, divided by total bank assets. The gray line is quarterly domestic currency foreign interbank funding less domestic
currency foreign interbank lending, divided by total bank assets. Valuation adjusted described in Appendix C. Source:
The Swiss Franc Lending Monitor, SNB
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Figure 7: Net foreign currency and domestic currency wholesale funding inflows

The black line is quarterly valuation adjusted change in foreign currency interbank funding less foreign currency interbank
lending, divided by total bank assets. The gray line is quarterly domestic currency foreign interbank funding less domestic
currency foreign interbank lending, divided by total bank assets. Valuation adjusted described in Appendix C. Source:
The Swiss Franc Lending Monitor, SNB
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Figure 8: Net foreign currency exposure.

The black line is the difference between foreign currency assets and foreign currency liabilities as a share of total bank
assets. The gray line is foreign currency interbank cross border lending less similarly defined funding, as a share of total

bank assets. Source: The Swiss Franc Lending Monitor, SNB.
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Figure 9: Net foreign currency exposure.

The black line is the difference between foreign currency assets and foreign currency liabilities as a share of total bank

assets. The gray line is foreign currency interbank cross border lending less similarly defined funding, as a share of total

bank assets. Source: The Swiss Franc Lending Monitor, SNB.
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Figure 10: Net foreign currency exposure.

The black line is the difference between foreign currency assets and foreign currency liabilities as a share of total bank
assets. The gray line is foreign currency interbank cross border lending less similarly defined funding, as a share of total
bank assets. Source: The Swiss Franc Lending Monitor, SNB.
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E Appendix tables

I All II Non-Euro III Euro Area
gbdl_; -0.028 -0.053 0.007
Net_y - gbdl_y 1.193%* 1.412%* -0.489
lvolVP -0.081 -0.157 -0.002
Net_y - lvolY5P 0.065 1.256 0.673
dUSD_, -0.002 -0.003 -0.000
Net_y-dUSD_;  0.249%%%  (.182%%* 0.470
Net?, - dUSD_; -1.961%%* -1.136* -8.787
Net_, -5.310 -8.279%* 7.693
Net?, 4.836 35.314 -145.412
or¥ 0.177%* 0.163%* -0.081
DEX -0.006 0.026 -0.017
BG dUIP_, -0.299 -0.028
HU -0.334* -0.377*
LV -0.020 -0.026%*
RO 0.254* 0.366**
RS 0.049 0.034
HR S0.131%%%  _(.138%**
CZ 0.580%**%  (0.761%**
DK 0.513%%%  (0.636%**
GB -0.150 -0.054
GR 0.317* -0.061
IT -0.208%** -0.366***
SI 0.007 -0.335%**
SK -0.109 0.278*
AT 0.370%* -0.032
DE 0.268** 0.039
EE 2.374%%*
BG dCIP_, S1.690*F*  _1.696%**
HU 0.453%* 0.601%*
LV -0.038 -0.028
RO 0.019 0.112%*
RS 0.060%** 0.061%**
HR -0.381%%%  _0.400%**
CZ -0.896%* -0.489
DK 0.087 0.194
GB 1.477%%* 1.901%*
GR 0.103 0.147%*
IT 0.553%F* 0.375%**
SI -0.233%%* -0.204%*
SK 0.116* 0.128%*
AT 0.544%%* 0.522%*
DE 0.247%%* 0.209%%*
EE 1.516%**
R? 0.22 0.28 0.16
R2adjusted 0.14 0.19 0.02
Nobs 454 255 181
No.cross sections 16 9 6
Sample period Full Full Full
Fixed effects Yes Yes Yes

Table 6: Robustness to country specific cip and uip parameter estimates

The Table shows results from regressions of valuation adjusted bank net wholesale funding flows in percent of total assets, for the full
sample of countries, the subsample of non-euro countries and the subsample of euro area countries. Specification III excludes Estonia.
The sample period runs from Q1 2007 to Q1 2016. Asterisks *, ** and *** indicate significance at the 10, 5 percent and 1 percent levels,

respectively, using white cross section standard errors and covariances.
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IAl II Non-Euro III Euro Area

gbdl_, -0.007 -0.000 0.006
Net_y - gbdl_; 1.151%%* 1.145%* -0.116
lolY5P -0.159 -0.257 -0.028
Net_q - lvolV$P 0.714 1.784 0.303
dUSD_, 0.002 -0.000 0.001
Net_1-dUSD_;  0.330%%%  (.295%* 0.230
Net?,-dUSD_; -3.035%** -2.690* -0.084
Net_; -2.721 -4.054 5.432
Net?, 11.887 35.966 -28.643
cryx 0.138** 0.109%* -0.053
DEX -0.003 0.002 -0.039
dUIP_, 0.037 0.044 -0.150
dCIP_, -0.061 -0.065 -0.105
Inflation_q 0.017 0.026 0.002
Growth_, 0.057+* 0.068** 0.022
dUS7S_4 0.061 -0.040 0.082
dUSRR_; -0.097 -0.195 0.011
dUSREER_, 0.011 0.017 0.001
dUSp0_4 -0.000 -0.000 -0.000
dUSsFFR_, -0.107 -0.172 0.021
R? 0.17 0.23 0.15
R?adjusted 0.13 0.16 0.03
Nobs 423 239 167
No.cross sections 16 9 6
Sample period Full Full Full
Fixed effects Yes Yes Yes

Table 7: Robustness to inclusion of additional controls

The Table shows results from regressions of valuation adjusted bank net wholesale funding flows in percent of total assets, for the full
sample of countries, the sub-sample of non-euro countries and the sub-sample of euro area countries. Specification III excludes Estonia.
The sample period runs from Q1 2007 to Q1 2016. Asterisks *, ** and *** indicate significance at the 10, 5 percent and 1 percent levels,

respectively, using white cross section standard errors and covariances.
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I Al II Non-Euro III Euro Area

gbdl_; -0.018* -0.019%* -0.011
Net_y - gbdl_, 0.399%F  (.462%** 0.136
lvolY§P -0.030 0.019 -0.054
Net_y - lwolV§P  1.223%%%  (0.943%** 9.768**
dUSD_4 -0.001 -0.001 0.005
Net_y-dUSD_;  -0.022 -0.061 0.050
Net?,-dUSD_y  -0.126 0.461 -3.762
Net_y -2.275 -6.831* 30.590%
Net?, 36.053 64.599** 37.914
crx 0.026 -0.015 -0.180
DFX -0.017 0.015 0.471
dUIP_4 -0.062* -0.020 -0.669
dCIP_, 0.103 0.034 0.368**
R? 0.02 0.12 0.11
R?adjusted -0.01 0.07 0.04
Nobs 475 271 185
No.cross sections 16 9 6
Sample period Full Full Full
Fixed effects Yes Yes Yes

Table 8: Regression for total cross border flows denominated in domestic currency

The Table shows the results for regression with the alternative dependent variable that includes domestic currency denominated cross
border flows to foreign banks. Column III excludes Estonia from the euro area sample. The sample runs from Q1 2007 to Q1 2016 and
all regressions include country fixed effects as well as the three explanatory variables. Asterisks *, ** and *** indicate significance at

the 10, 5 percent and 1 percent levels, respectively, using white cross section standard errors and covariances.
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I II I IV \ VI
gbdl_y -0.015 -0.037 -0.040 -0.068* -0.027 -0.068*
Net_y - gbdl_; 1.033%%  1.153** 1.471* 0.798 1.567*
wolf ¥ -0.083 -0.035 -0.083 -0.040
Net_1 - lvolF'¥ 1.162 0.550 1.028 0.448
dFX_4 0.000 -0.009 -0.006 -0.011
Net_y - dFX_, 0.296* 0.694%*  0.749%%  (.827**
Net?,-dFX_4 ST.244%FF 0 _11.094%F  12.756%F  -12.170%*
Net_; -8.047%%  -9.125%%  _7.053 -5.463 -1.200 -6.796
Net?, 33.154  27.397  91.188**  72.627 81.979 71.339
oFX 0.188%¥*  (.186™**  0.206%**  0.147***  (.137%%*  (.168%**
DFY -0.018  -0.022 -0.045 -0.166 0171 -0.235%*
auIprx -0.077 -0.036 -0.063 -0.095 -0.020 -0.106
dCIPFX 0.034 -0.017 -0.036 -0.030 -0.151 0.081
R? 0.14 0.16 0.23 0.11 0.05 0.13
R?adjusted 0.12 0.14 0.19 0.05 -0.01 0.08
Nobs 263 263 263 225 201 207
No.cross sections 9 9 9 9 8 8
Sample period Full Full Full pPC PC PC
Fixed effects Yes Yes Yes Yes Yes Yes

Table 10: Regression using EUR . as foreign currency for non-euro countries

Results for regression with explanatory variables based on the bilateral euro exchange rate for the subsample of non-euro
countries (FX=euro). The non-euro country sub-sample is listed under Table 1. The full sample runs from Q1 2007 to
Q1 2016 and the post financial crisis sample (PC) starts in 2009Q2. Specifications V and VI exclude Romania and Latvia
respectively. Asterisks *, ** and *** indicate significance at the 10, 5 percent and 1 percent levels, respectively, using white

cross section standard errors and covariances.
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