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Abstract

We draw on a new data set on the use of Swiss francs and other foreign currencies by

European banks to assess the determinants of banks wholesale funding mix across foreign

currencies. The data points to substantial heterogeneity in banks’ use of foreign funding

currencies, both across countries and across different foreign currencies. We find that

banks increase their wholesale funding in a given foreign currency when the relative fund-

ing costs of the foreign currency in question falls relative to the cost of domestic currency

funding, when the foreign currency appreciates and the bank is long in that currency, and

when banks issue new loans in the given currency. These findings are consistent across

different foreign currencies and in line with the predictions of a simple model. In contrast,

we find that movements in exchange rates of other foreign currencies and exchange rate

risk factors have ambiguous impacts on banks’ foreign currency funding. The impact of

these factors depends on the specific funding currency as well as on the type of country

in question.
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1 Introduction

Banks’ use of foreign currency for funding its operations is a much-discussed channel of

transmission of foreign and exchange rate shocks to domestic bank funding conditions, and

hence, to financial stability and macroeconomic performance (McCauley et al. [2015], Bruno

and Shin [2014], Avdjiev et al. [2012], Cetorelli and Goldberg [2012], Cetorelli and Goldberg

[2011] and Milesi-Ferretti and Tille [2011]). The previous literature focusses on banks’ use of

foreign currency compared to their use of domestic currency, without distinguishing between

different foreign currencies. However, the transmission of shocks, and hence the drivers of

foreign currency bank funding, may depend on the funding currency in question. Our current

understanding of such cross currency heterogeneity is limited. This paper aim to fill this gap

by assessing the drivers of bank foreign currency wholesale funding, and contrasting these

across foreign currencies.

To frame our analysis, we first derive a simple model of banks’ allocation of wholesale

funding across various currencies. Banks are faced with exogenous shifts in exchange rates,

interest rates, and the values of loans and deposits, and react by adjusting their funding cur-

rency mix. We find that the currency mix of banks’ foreign currency funding reflects external

factors including the relative funding costs across the available currencies and past and ex-

pected future exchange rate movements, and domestic developments captured by fluctuations

in loans and deposits (with an increase in loans denominated in currency i leading to higher

funding in that currency).

We assess the model’s implications for the drivers of the funding currency mix using a new

data set on aggregate bank balance sheets in 18 European countries. The data set allows us to

distinguish between banks’ use of local currency, the Swiss franc, and other foreign currencies.

Given this structure of the data, we focus on the use of the Swiss franc as a funding currency by

European banks, and compare it with banks’ use of the US dollar and the euro as alternative

foreign funding currencies. The Swiss franc became a relatively important bank funding

currency in the years after the introduction of the euro, when the low volatility of the Swiss

franc euro exchange rate and the low interest rate on the Swiss franc made it attractive as

a funding currency. While the rise in Swiss franc funding must be partly seen in light of the

popularity of Swiss franc mortgages to households and non-financial firms in some European

countries, the Swiss franc’s broader role as a foreign funding currency, and how it compares

to other foreign currencies, is not well understood. A first look at the data suggests that the

role of the Swiss franc as a funding currency differs from the roles of the US dollar and the

euro in several dimensions. Notably, Swiss franc bank funding tends to be cross border to a

higher degree than bank funding in other foreign currencies. Moreover, Swiss franc funding

tends to fall short of Swiss franc lending on balance sheet, making European banks long in

Swiss francs. This is not generally the case for funding in other foreign currencies.

We assess the model’s implications about the external drivers of foreign currency funding
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in an econometric analysis taking advantage of the panel structure of our data. Our analysis

points to substantial heterogeneity in the foreign factors that determine the wholesale funding

mix across countries and currencies.

The use of the Swiss franc in countries outside the euro area is primarily driven by exchange

rate developments and bank lending in Swiss francs. Specifically, an appreciation of the Swiss

franc reduces funding in that currency, and both future and lagged movements in the exchange

rate matter. By contrast, banks located in euro area countries that are not financial centers

adjust their Swiss franc funding primarily in response to the interest rate differential between

the Swiss franc and the local currency. We find that funding activity in financial centers

is mainly driven by risk considerations. A higher comovement between the exchange rate

relative to the Swiss franc and the exchange rate relative to the dollar leads banks to increase

their reliance on the Swiss franc as it then offers a closer alternative to the dollar. Risk

appetite, as proxied by the Vix index, also matters.

Funding in foreign currencies other that the Swiss franc is also quite heterogeneous. In

emerging economies, it is sensitive to exchange rate movements, as well as lending in Swiss

franc, suggesting that the euro and Swiss franc are viewed as partial substitutes to limit the

exchange rate exposure stemming from substantial Swiss franc lending activities. By contrast,

foreign currency funding in euro area countries display little sensitivity to the various factors

we consider. One way to interpret this is that funding in euros or US dollars are more

structural features of bank funding, whereas funding in Swiss franc is adjusted in response to

the various drivers we consider (what do we mean here?).

The remainder of the paper proceeds as follows. Section 2 gives an overview of related

literature. Section 3 presents the model and derives some testable implications. The data

and stylized facts are presented in Section 4, which also presents the variables we consider

and the econometric 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 two broad streams of literature. The first is the analysis of foreign currency

lending and deposits. Contributions in the first stream of literature have focused on the

drivers of foreign currency lending. For instance, Brown and Haas [2012] consider the role of

foreign banks in issuing foreign currency lending. One of their findings is a link between the

two sides of the balance sheet, as that movements in foreign currency deposits are transmitted

to foreign currency lending. Other papers consider banks’ liabilities. Brown and Stix [2014]

focus on households’ deposits and shows a connection with macroeconomic volatility and

households’ experiences of a past currency crisis. Their work however does not consider the

determinants of other funding sources such as interbank loans. This line of research contrasts

the positions in foreign and local currencies, but does not consider any heterogeneity across
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different foreign currencies. Our database allows us to assess this heterogeneity by positions

in Swiss francs with positions in other foreign currencies.

Several recent contributions analyze banks’ foreign currency lending in Swiss francs specif-

ically. Brown et al. [2009] document substantial heterogeneity across countries in Swiss franc

lending. Yesin [2013] relies on the same dataset as we do to assess the currency mismatch

between assets and liabilities and illustrates a stricking underfunding of Swiss francs on Euro-

pean banks’ balance sheets. Auer et al. [2012] focus on the refinancing of Swiss franc lending

by Austrian banks. They find a clear break during the crisis when funding through the unse-

cured interbank market and bond issuance was replaced by funding through the repo market

and reliance on the central bank for funding.

The second stream of the literature to which our work is related is the international

transmission of shocks through the activity of global banks. Several papers stress global bank

funding structures and networks as central in the cross border transmission of the global

financial crisis (Takats [2010], Avdjiev et al. [2012], McCauley et al. [2015], Milesi-Ferretti and

Tille [2011]). Cetorelli and Goldberg [2011] document the spreading 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. Central to this

literature is the assessment of the role that financial and monetary developments in global

financial markets, or in the home country of the foreign funding currency play in driving

funding conditions in the host country, see also Bruno and Shin [2014]. A general finding

is that global financial factors, usually captured by the V IX, drive domestic bank funding

costs, and that monetary and financial conditions in the US also affects bank foreign currency

funding costs. The monetary and financial conditions prevailing in other home countries to

bank foreign funding currencies have not been investigated and compared across important

funding currency. We take this next step with this paper.

3 A Simple Model of Funding Choice

This section presents the main elements and results from a simple portfolio balance model

of a bank’s funding decisions across currencies, following Tille and van Wincoop [2014a] and

Tille and van Wincoop [2014b]. Additional elements to the model are given in the appendix.1

We first present the structure of the model, and then turn to the derivation and interpretation

of the drivers of bank funding.

1A full description of the analysis under a more general parametrization is presented in a technical appendix
available on request.
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3.1 Building blocks

3.1.1 Timing and exchange rates

The model focuses on the wholesale funding decision of a bank across the local currency and

two foreign currencies, which we refer to as the Swiss franc and the euro. The model consists

of two periods. In period 1 the bank is endowed with a portfolio of loans and deposits in

the three currencies. It chooses its funding knowing that shocks can affect the exchange rate

and returns on loans in the final period 2. A central aspect of our approach is the distinction

between the various ”orders” of variables, which are related to the degree of proportionality

with the model shocks. Specifically, the zero-order component of a variable is independent

from the shocks. The first-order component is linearly proportional to the shocks (or their

expected value). The second-order component is linearly proportional to the square of the

shocks (or the variance), and the third-order component is linearly proportional to the cube

of the shocks.

The exchange rates in terms of units of local currency per unit of foreign currency i =

eur, chf is denoted by Si. Its values in the two periods are Si
1 = Si

0 exp
(
νS,i1

)
and Si

2 =

Si
0 exp

(
νS,i1 + τS,i2 νS,i2 + εS,i2

)
. Si

0 is the zero-order component of the exchange rate, which

can be thought of as the steady state, or long term average value. νS,i1 is a first-order term

known in period 1 which allows us to consider the impact of deviation of the exchange rate

from its zero-order value in the initial period. νS,i2 is also a first-order term known in period

1 which captures any expected movement in the exchange rate between the two periods. τS,i2

is a second-order term which ensures a well-behaved solution of the model.

The various components of the exchange rate are proportional to the moments of stochastic

exchange rate shock, εS,i2 , which is realized in period two. The variance of εS,i2 is σ2
fx

(
1 + νσ,i2

)
where σ2

fx is a second-order term. The term νσ,i2 , which is a first-order, allows us to capture

the impact of a changing variance on the funding decision. Specifically, the variance of the

exchange rate is normally equal to σ2
fx, but there can be periods when the exchange rate is

more volatile than usual (νσ,i2 > 0). The expected value of εS,i2 is given by −0.5σ2
fx

(
1 + νσ,i2

)
,

which offset a Jensen inequality term. The covariance between the exchange rates vis-à-vis

the euro and vis-à-vis the Swiss franc is 0.5σ2
fxν

ρ
2 , where νρ2 is a first-order term. The role

of νρ2 is to allow for a changing covariance between the two exchange rates, in a similar way

as νσ,i2 allows for a changing variance. Specifically, the covariance of the exchange rates is

normally zero, but there can be periods when the two exchange rates are expected to move

more in step (νρ2 > 0).

3.1.2 Components of the balance sheet: loans

The bank enters period one with an endowment of loans in the three currencies. The values

of the loans include terms of various orders. In period 1, the domestic currency value of loans
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denominated in currency i is Si
0C

i
0 exp

(
νS,i1 + νC,i

1

)
.2 Ci

0 is a zero-order term and νC,i
1 is a

first-order term that reflects exogenous deviations of the amount of loans from the zero-order

allocation. Without loss of generality, we consider that the return on loans in the absence of

any shocks is zero, with a similar assumption for the return on deposits and wholesale funding

positions.

In the final period the payoff of loans is realized. The payoff across all three currencies

is affected by a shock εdom2 which is independent from the exchange rates. An unexpected

appreciation of foreign currencies also reduces the payoffs of loans denominated in the respec-

tive currencies, with the sensitivity captured by a parameter λ. The domestic currency value

of loans is thus Si
0C

i
0 exp

(
νC,i
1 + εdom2 + (1− λ)

(
νS,i1 + τS,i2 νS,i2 + εS,i2

))
.

While the size and currency composition of loans can change over time due to shocks,

the bank cannot actively change the lending currency mix and volumes. We assume this

exogeneity of loans to keep our focus squarely on the banks’ choice of funding currency mix.

It could be relaxed. For example, Ivashina and Stein [2015] consider a similar model with

only one foreign currency, where the lending currency mix is endogenous, in order to study

how shocks to the funding currency mix translate into changes in the lending currency mix.

3.1.3 Components of the balance sheet: deposits and wholesale funding

The bank enters period one with an endowment of deposits in the three currencies. As for

the loans, the values of the deposits include terms of various orders. In period 1, the domestic

currency value of deposits denominated in currency i is Si
0D

i
0 exp

(
νS,i1 + νD,i

1

)
. Di

0 is a zero-

order term and νD,i
1 is a first-order term that reflects exogenous deviations of the amount of

deposits from the zero-order allocation. In the final period the value of deposits in foreign

currencies is affected by exchange rate movements. The domestic currency value of deposits

thus Si
0D

i
0 exp

(
νD,i
1 + νS,i1 + τS,i2 νS,i2 + εS,i2

)
. As for loans, the bank cannot actively change

the size and currency composition of its deposits.

In addition to deposits, the bank funds itself through wholesale borrowing, and can choose

the currency allocation of this source of funding.3 We denote the initial domestic currency

value of funding in currency i by Si
0F

i
1 exp

(
νS,i1

)
. The total amount of wholesale funding

is exogenous, however, as it must reflects the amounts of loans, deposits, and initial equity.

The bank’s choice consists of the allocation of overall wholesale funding across the various

currencies. It is this choice that we are interested in explaining. In the final period, the

value of funding positions reflects the exchange rates as well as funding costs (interest rates).

Specifically, the value of domestic currency funding is F dom
1 exp

(
τ q,dom2 νq,dom2

)
where νq,dom2

is a first-order term known at period 1 which captures the interest rate cost of funding. A

2Of course Sdom
0 = 1 and νS,dom

1 = 0.
3As we do not consider short-term liquid assets, the wholesale funding represents the value of funding net of
liquid assets in the corresponding currency.
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period where funding in the domestic currency is unusually expensive then corresponds to

νq,dom2 > 0. τ q,dom2 is a second-order scaling term.

The domestic currency value of funding in foreign currency i is

Si
0F

i
1 exp

(
τ q,i2

(
1 + νq,i2

)
+ νS,i1 + τS,i2 νS,i2 + εS,i2

)
The last three term reflect the movements in the exchange rate (expected or not) detailed

above. The first term in the exponent reflects the interest rate cost of funding, in a similar

way to the cost of domestic currency funding above. νq,i2 is a first-order term known at period

1 which captures the cost of funding in currency i (with for instance νq,i2 < 0 indicating

that funding in currency i is cheaper than usual). τ q,i2 is again a second-order scaling term.

Notice that τ q,i2 also enters on its own in addition to its interaction with νq,i2 0. The idea is

to capture both average and time-varying differentials in funding costs. Specifically, τ q,i2 < 0

indicates that currency i is normally a cheaper funding currency than the domestic one. By

contrast, τ q,i2 νq,i2 − tauq,dom2 νq,dom2 < 0 indicates a period where the interest rate on currency

i is unusually low compared to the domestic currency.

Note that banks can fund themselves in a foreign currency by directly borrowing in that

currency on balance sheet, or by borrowing in another currency and then swap that other

currency for the desired currency in the swap market (Fender and McGuire [2010]). In normal

times, the cost of these two strategies will be very close, ensured by arbitrage and covered

interest parity (Akram et al. [2008]). During the global financial crisis, however, important

deviations from CIP was observed across many currency markets (Ivashina et al. [2012]).

This may have resulted in strong shifts in banks’ foreign currency funding strategies between

outright foreign currency funding and synthetic foreign currency funding using swaps. To

keep the model simple, we do not explicitly model the use of currency swaps. But since data

only allow us to assess outright foreign currency funding, we allow for funding costs using

swaps to affect this amount in our empirical analysis in Section 3.2.2.

3.1.4 Equity

The bank is initially endowed with an equity position K1 in domestic currency:

K1 =
∑

i=dom,eur,chf

Si
0 exp

(
νS,i1

) [
Ci
0 exp

(
νC,i
1

)
−Di

0 exp
(
νD,i
1

)
− F i

1

]

We assume that banks cannot raise new equity within the time frame that we are considering.

The bank’s equity in period 2, K2, then reflects the overall changes in the values of loans,

deposits, and wholesale funding due to shocks, as well as the bank’s choice of whole-sale

funding currency mix, with the exact expression given in the appendix.
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3.2 Solution of the model

3.2.1 First-order conditions

The objective of the bank is to maximize an expected concave utility of its final payoff:

U1 = E1
(K2)

1−γ

1− γ

subject to the constraint that overall wholesale funding is given initially. It is convenient

to write the funding positions as F i
1 = F i

0 exp
(
f i
1

)
where F i

0 is the zero-order component of

the position and f i
1 is the first-order component. The optimization implies that the expected

discounted excess returns are zero (for i = eur, chf):

0 = E1 (K2)
−γ
[
exp

(
τ q,i2

(
1 + νq,i2

)
+ τS,i2 νS,i2 + εS,i2

)
− exp

(
τ q,dom2 νq,dom2

)]
(1)

We take a cubic approximation of (1). The Taylor expansion consists of a linear term (that

includes second- and third order components), a quadratic term (with second- and third order

components) and a cubic term (with third order component). The zero- and first-order terms

are all of value zero. Taking the second-order terms gives the solution for the zero-order

component of the funding positions:

Si
0F

i
0 = Si

0

[
(1− λ)Ci

0 −Di
0

]
− K0

γ

τ q,i2

σ2
fx

(2)

which we can rewrite as:

Neti0 = Si
0

[
(1− λ)Ci

0 −Di
0 − F i

0

]
=

K0

γ

τ q,i2

σ2
fx

The term Neti0 captures the long-term average of steady state net exposure of the bank to

currency i, and is defined as steady state assets in currency i less total liabilities in currency

i, multiplied by the steady state exchange rate. The model shows that this term captures the

first-order impact of the exchange rate on equity, and hence, that it is central to how banks

respond to developments in the foreign exchange market. The bank faces a tradeoff in its risk

management of currency exposure. On the one hand, the bank is risk averse and wishes—all

else equal—-to reduce any exchange rate exposure to zero. Thus, an appreciation of foreign

currency i changes the absolute value of the initial net position in currency i , as captured

by the first component of expression (2). The bank will react by changing its currency

composition of funding to bring this impact to zero, so as to hedge itself against exchange

rate mismatch. On the other hand, the bank accepts currency exposure to the extent that the

risk-adjusted cost of funding differs across currencies and provides for returns, with F i
0 being

larger when it represents a cheaper funding source than the domestic currency (τ q,i2 < 0). This

mitigates the bank’s response to changes in the net exposure to a currency due to exchange
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rate movements.

Note that the taking the third-order terms in the approximation of expression (1) gives

the solution for the first-order component of the funding positions f i
1. To gain intuition about

the drivers of the foreign currency funding mix, we focus on the wholesale funding position

in Swiss francs and discuss its implications:

Schf
0 F chf

0 f chf
1 =

K0

γσ2
fx

(
τ q,dom2 νq,dom2 − τ q,chf2 νq,chf2 − τS,chf2 νS,chf2

)
+
τ q,chf2

σ2
fx

(
Neteur0 νS,eur1 +Netchf0 νS,chf1

)
(3)

+Netchf0 νσ,chf2 +
1

2
Neteur0 νρ2

+Schf
0 (1− λ)Cchf

0

(
νC,chf
1 − λνS,chf1

)
− Schf

0 Dchf
0 νD,chf

1

+
(
1− (1 + γ) (K0)

−1
)
Netchf0 νS,chf1

Expression (3) captures the bank’s active demand for Swiss francs as a result of various

shifters and shocks (remember that f chf
1 is net of valuation effects). It shows that the bank’s

demand for Swiss franc funding (f chf
1 > 0) is driven by four distinct drivers.

The first driver is captured in the first term in expression 3 and reflects relative funding

cost considerations. Specifically, a positive value for the parenthesis indicates that the funding

cost in the Swiss franc (including the expected exchange rate movement) is cheaper than the

funding cost in the domestic currency. We can interpret the term as deviations from interest

parity. A low relative funding cost in Swiss franc can reflect a high interest rate in the local

currency (νq,dom2 > 0), a low interest rate in the Swiss franc (νq,chf2 < 0), or an expected

depreciation of the Swiss franc (νS,chf2 < 0).

The second driver is portfolio rebalancing considerations due to the valuation effects of

exchange rate movements, a la Hau and Rey [2008]. This driver is related to developments

in the first-order components in exchange rate markets. Thus, a local currency depreciation

in period 1 against either the euro (νS,eur1 > 0) or the Swiss franc (νS,chf1 > 0) results

in a valuation effect that increases the exposure to the Swiss franc and the foreign currency,

provided the bank holds long positions in these foreign currencies (Neteur0 > 0 or Netchf0 > 0).

If the bank holds short positions in these currencies, the net exposure will narrow as a result,

with the opposite implications for the bank’s currency funding choice. The effect of changes

in the net foreign currency positions on the demand for the SWiss franc in turn again depends

on the extent to which the bank is long the Swiss franc, hence the double interaction with

the Swiss franc net position.

The third driver captures the bank’s response to changes in foreign exchange market

risk perceptions. This demand for Swiss franc funding is related to the bank’s demand for
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hedging of risks and volatilities associated with currency mismatches, which in turn are driven

by current and expected developments in the second order components of foreign exchange

markets (volatilities and correlations). First, an increase in the volatility of the Swiss franc

exchange rate (νσ,chf2 > 0) will tend to increase the demand for Swiss franc wholesale funding,

provided the initial net position is long in Swiss francs (Netchf0 > 0). While this effect can

seem odd, recall that the initial net position Netchf0 is proportional to the volatility adjusted

funding cost τ q,chf2 /σ2
fx. The position is long when that cost is positive. A higher exchange

rate volatility reduces the volatility adjusted funding cost, and thus pushes the bank towards

reducing its long position in Swiss francs by getting more wholesale funding in that currency.

Another way of putting it that higher volatility of the Swiss franc reduces the bank’s demand

for Swiss franc exposure given its risk aversion. If the bank is long, the exposure is reduced by

increase its liabilities in Swiss francs, and thus, its wholesale funding. Conversely, if the bank

is short the Swiss franc, it would want to reduce this short position by reducing its Swiss franc

liabilities. Second, a higher correlation of the local currency exchange rates against the Swiss

franc and the euro respectively (νρ2 > 0) will tend to increase the demand for Swiss francs if

the bank initially has a long net position in euro (Neteur0 > 0). The intuition here is that an

increase in the correlation of the two currencies results in an increased concentration of the

risk related to the net exposure of the euro. If the bank is long the euro, it will hence seek to

reduce the liabilities held in the Swiss franc. By symmetry, an increase in the correlation of

the two currencies will also result in a reduction in the liabilities held in euro, if the bank is

net long the Swiss franc.

The fourth driver captures the portfolio rebalancing of the change in the net currency

exposure due to shocks to shifts in the value of lending and deposits in Swiss francs that are

not driven by exchange rate movements. Thus, banks’ demand for Swiss franc funding will

increase if the amount of loans denominated Swiss franc increases (νC,chf
1 > 0) (take out: or

indirectly through a depreciation of the Swiss franc that raises payoffs (λνS,chf1 < 0)), or if

the amount of Swiss franc deposits fall. In other words, if Swiss franc lending less Swiss franc

deposits increases, all else equal, the bank will want to rebalance its portfolio by off-setting

this increased currency mismatch through higher Swiss franc wholesale funding.

The expression in (3) reflects the first-order component of the funding position measured

in Swiss franc.4 The first-order component of the same position measured in the domestic

currency of course also includes the first-order components of the exchange rate. Our empirical

test of (3) below will therefore require filtering out the direct impact of the exchange rate on

the domestic currency value of the Swiss franc (and euro) funding position.

4We can also interpret this terms as the dynamic response in the funding position following movements in the
exogenous variables such as the exchange rate
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3.2.2 An Empirical Specification

The described four drivers of the wholesale funding currency mix resulting from the model are

in terms of deviations from the steady state, adjusted for changes in the value of wholesale

funding due to exchange rates (i.e. adjusted for valuation effects). We want to base our

empirical estimating equation for a panel regression analysis on these drivers. Below, we

first lay out a specification for the log level of Swiss franc funding adjusted for exchange rate

valuation effects, and subsequently consider corresponding specifications for funding in other

foreign currencies. Specifically, the valuation-adjusted Swiss franc funding in country j is:

ln
(
FundingCHF

j,t

)
= α0 + α1

(
UIPCHF

j,t

)
+ α2

(
CIPCHF

j,t

)
+α3NetCHF

j ln
(
SCHF
j,t

)
+ α4NetCHF

j NetEUR
j ln

(
SEUR
j,t

)
(4)

+α5NetCHF
j V ar

(
ln
(
SCHF
j,t+1

))
+ α6NetEUR

j Covar
(
ln
(
SCHF
j,t+1

)
, ln
(
SEUR
j,t+1

))
+α7 ln

(
LoanCHF

j,t

)
− α8 ln

(
DepositCHF

j,t

)
+fixedj + ϵt

where NetCHF
j is the sample average of the net position denominated in Swiss francs (loans

minus deposits minus wholesale funding). α’s are coefficients that we expect to be positive

based on our model. FC denotes other foreign currencies than Swiss francs and t denotes

time. FundingCHF
j,t is the amount of Swiss franc denominated funding used by banks in

country j in time period t, adjusted for the valuation impact of the exchange rate. The

terms UIPCHF
j,t and CIPCHF

j,t captures deviations from the uncovered and covered interest

rate parities. Specifically, ij,t and iCHF
t are the money market interest rates in the local

currency and the Swiss franc. (SCHF
j,t is the spot exchange rate, with ∆ ln

(
SCHF
j,t+1

)
denoting

the percent depreciation of the local currency between period t and t+ 1 (we discuss how to

measure expected exchange rates below) FRCHF
j,t+1 is the forward exchange rate. The deviations

from UIP and CIP are then written as:

UIPCHF
j,t = ij,t − iCHF

t −∆ln
(
SCHF
j,t+1

)
CIPCHF

j,t = ij,t − iCHF
t −

(
FRCHF

j,t+1 − SCHF
j,t+1

)
/SCHF

j,t+1

Risk considerations enter in the form of the expected exchange rate variance and the expected

covariance between the home country’s exchange rate vis-a-vis the Swiss franc and vis-a-vis

the other foreign currency. These can be interpreted as the influence of global financial risk

factors on bank funding decisions. In robustness checks, we control for the role of the V IX

index as a driver of financial risk sentiment and expected exchange rate volatility. All risk

variables are interacted with the net positions in foreign currencies in line with theory. The

final group of variables captures movements in loans and deposits in Swiss francs adjusted
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for the direct valuation impact of exchange rate movements. In robustness checks, we also

add loans and deposits in other foreign currencies. Finally, we include country fixed effects

and an error term. The fixed effects capture cross country non-time varying differences in

institutional and regulatory structures that matter for banks’ choices of foreign currency

funding. For example, countries with poorer access to domestic currency funding may choose

more foreign currency funding overall. Countries with closer proximity to Switzerland (or

the euro area) may have preferences for more Swiss franc (or euro) funding. The fixed effect

would pick this up. We also estimate a version of 4) for other currencies. The specification

simply corresponds to 4) with the CHF and FC labels switched.

While our theory implies a specification in deviations of levels from long-run steady state

values, it assumes that banks face no costs of adjusting their balance sheet. In the presence of

such costs, however, the adjustment of balance sheets could show a substantial inertia, making

a level specification problematic. Moreover, we do not want to rely on estimates of long-run

steady state level, and therefore estimate the panel regression in first differences.5. Since

we do not have good measures of expected future exchange rate movements for banks, we

assume that expected exchange rate changes equal to past exchange rate changes (adaptive

expectations). Moreover, we include both the deviation from uncovered interest parity as

suggested by our theory, and the deviation from covered interest parity.

4 Data and Stylized Facts

4.1 The Swiss Franc Lending Monitor

We make use of the Swiss franc lending monitor, a database maintained by the Swiss National

Bank collecting data from 20 participating central banks.6 The purpose of the monitor is to

provide information on the role of the Swiss franc in bank lending and funding across a broad

range of European countries. Most, but not all, of these data included in the Monitor are

publicly available through national data sources. The advantage of the Swiss Franc Lending

Monitor is that the data series are pulled together in a cross-country comparable format. The

Monitor contains quarterly data on various components of banks’ balance sheet positions,

aggregated at the country level. The covered balance sheet items reflect aggregates across all

banks with residency in the given country, including 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.

The Swiss Franc Monitor was initiated in 2009 and the sample starts in the first quarter

of 2009 at the latest. Some participating countries, however, provide data for earlier quarters

5Of course in first differences country fixed effects cancel out
6Austria, Bulgaria, Czech Republic, Croatia, Denmark, Estonia, France, Germany, Greece, Hungary, Iceland,
Italy, Latvia, Luxembourg, Poland, Romania, Serbia, Slovenia, Slovakia, and the United Kingdom.
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as well. We use an unbalanced sample that starts in the first quarter of 2007.7 This allows us

to cover a part of the the pre-financial crisis period. We include 19 of the sample countries.8

Since Estonia moves from having its own currency to joining the euro in 2011, we divide

Estonia into two sample countries, namely EE1 which has data from before joining the euro,

and EE2 which has data from the date of entry into the euro area. We hence effectively end

up with a sample of 20 countries. Latvia, which joined the euro area in 2014, is only included

in its pre-euro incarnation.

A the unique feature of the Monitor is its breakdown of balance sheet positions across

currencies.9 Specifically, all positions are divided between Swiss francs, other foreign curren-

cies, and local currency. This provides exceptionally detailed information on developments in

various subcategories of Swiss franc and other foreign currency denominated assets and lia-

bilities. Other foreign currency positions are not broken further down into individual foreign

currencies, however. In our empirical investigations, we take advantage of the fact that euro

area countries are likely to predominantly have US dollars as the other foreign currency, while

non-euro area countries are likely to have predominantly euros as the other foreign currency.

Hence, by dividing euro and non-euro countries, we can to some extent associate the non-

Swiss franc foreign currencies with US dollars and euros respectively. Moreover, we estimate

the breakdown of other foreign currencies based on information on the currency weights of

bank balance sheets of the sample countries.

Banks’ assets are divided on lending and other assets, while liability positions are divided

on deposits (including repo and interbank borrowing), own securities issuance and other lia-

bilities. Lending and deposits are further divided on counterparty types, including resident

households, resident non-financial corporations, resident banks (domestic interbank), govern-

ment, non-resident banks and non-resident non-banks.10 To focus on changes in positions

between the domestic banking sector and the rest of the economy, we exclude domestic inter-

bank positions. As the breakdown on households, non-financial corporations and government

is incomplete for many of the sample countries, we focus on the split between total domestic

non-bank, foreign bank and foreign non-bank positions.11 As we exclude domestic interbank

positions, we define wholesale funding as the sum of deposits from foreign banks and non-

banks. These include repo as well as interbank deposit. To some extent, these series may also

include cross border retail deposits. We cannot separate those out, but assume that they are

a small and relatively stable part of the series, and hence, will not strongly affect our results.

7The individual country charts in Appendix reflect the period covered for each country.
8We excluding Iceland due to insufficient data coverage.
9An advantage of using this data set over the BIS locational banking statistics for currency breakdown is
that it includes more European countries than the BIS reporting countries. It hence allows us to make more
detailed analysis of developments in foreign currency positions of European bank balance sheet.

10The data unfortunately does not divide positions with foreign bank counterparties on positions vis-a-vis a
foreign parent bank and positions vis-a-vis an unrelated foreign bank.

11For the countries that do provide this split, the share of Swiss franc loans to domestic government is very
small. We can hence consider non-bank lending to be lending to private non-bank residents.
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In the euro area, where banking has become more integrated, the extent to which this is the

case may be more important than for non-euro area countries. Ideally, we would also add the

outstanding amounts of own issues of debt securities in the given currency, but the data on

these are unfortunately very incomplete.12

4.2 Some Stylized Facts on the Funding Currency Mix

The data suggests that the foreign currency funding mix is highly heterogenous across coun-

tries, both on the funding and on the lending side of bank balance sheets. We will focus on

funding here, and note that in (Krogstrup and Tille [2015]), we use the same dataset but

focus on bank lending behavior, and illustrate a number of stylized facts about the foreign

currency mix of bank lending. We notably show that European banks use the Swiss franc to a

much higher extent than other foreign currencies for domestic lending to households, and this

is particularly the case in Eastern European countries. This fact reflects the prevalent use of

the Swiss franc for mortgages in these countries. By contrast, lending to residents in other

foreign currencies to a higher extend goes to non-financial companies, and we interpret this

as related to the cross-border trade activities of the non-bank corporate firms. These features

may have implications for the maturity and credit profile of lending across currencies, and

hence for the funding of these positions.

Turning to funding, the left panel in Figure 1 depicts banks’ wholesale funding, defined

as cross border deposits from banks and non-banks, in percent of GDP divided on currencies,

and shows that countries that are typically thought of as financial centers hold substantially

greater amounts of wholesale funding. This partly reflects the higher overall size of the

banking sectors in these countries. The right panel depicts the relative currency shares of this

wholesale funding, with the countries sorted by the share of wholesale funding held in domestic

currency. This sorting scheme neatly divides the sample countries into euro area countries that

share their local currency, and hence have higher amounts of cross border wholesale funding

denominated in their own currency, and other European countries with much lower shares of

wholesale funding in local currency. Broadly, Figure 1 shows that whether or not a country

is a financial center, and whether or not it is part of the euro area, matters structurally for

its wholesale funding. We pay particular attention to these dimensions of the sample in the

remainder of the paper.

The use of Swiss franc funding distinguishes itself from other foreign currencies by being

to a higher degree wholesale. Figure 2 shows that the share of wholesale funding in total

Swiss franc denominated liabilities tends to be higher than the corresponding share for other

foreign currencies. Moreover, and not surprisingly, Swiss franc and other foreign currency

liabilities are both to a much higher degree wholesale than domestic currency liabilities. For

12Some countries only report a total number of outstanding bank debt securities without providing the currency
decomposition. Many countries do not provide data on debt securities at all.
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other foreign currencies and domestic currency, residents’ deposits are more prevalent than

what is the case for Swiss francs. This also means that total Swiss franc liabilities are to a

higher degree cross-border positions than the liabilities in other foreign currencies.

Importantly, the data shows that banks tend to be long the Swiss franc to a much higher

extent than what is the case for other currencies (Yesin [2013] makes this point). Figure 3

illustrates the aggregate net currency mismatch in the banking sectors of the sample countries

for Swiss franc positions and other foreign currency positions separately. It shows that Euro-

pean banks’ assets in Swiss francs with very few exceptions substantially exceed liabilities in

Swiss francs. This not the case for other foreign currencies. The model in Section 3 suggests

that this feature may play an important role in the way in which banks’ funding currency

mix responds to developments in exchange markets.

In part, this currency mismatch may reflect the practise in some countries of granting

loans denominated in domestic currency but indexed to the exchange and interest rate of the

Swiss franc. Such indexed loans are often granted for mortgages. As mentioned above, the

practise of granting foreign currency indexed mortgage loans is much less prevalent in other

foreign currencies in European countries.13 Swiss franc indexed mortgages have been popular

doe to the low interest rate that the Swiss franc has traditionally offered. The transactions

pertaining to such loans will be carried out in local currency, however, and no Swiss francs

actually change hands when such loans are granted. This means that the granting of Swiss

franc indexed mortgages does not give rise to the creation of matching off-shore Swiss franc

deposits, but rather, to domestic currency deposits. A Swiss franc-indexed loan, however,

gives rise to exactly the same currency exposure as an outright Swiss franc loan, and such

loans are hence recorded as Swiss franc loans in the lending monitor. Further, anecdotal

evidence suggests European banks often hedge such Swiss franc exposures in the currency

swap market, as also discussed in Section 3.

Finally, the data shows that the use of the Swiss franc for wholesale funding has been

moderately declining across the sample countries over time. In contrast, the time variation in

the use of other foreign currencies has been more heterogenous, and depended on whether the

country is a core or periphery country. We illustrate these time trends by the time fixed effects

from panel regressions of the percentages of Swiss franc and other foreign currency wholesale

funding respectively in total wholesale funding. The regressions (not shown) include time

and country fixed effects and an error term and are estimated with simple OLS. We run

these regression for the overall sample as well as for four sub samples, namely for core euro

area countries, periphery euro area countries, core non-euro countries and periphery non-euro

countries. The estimated time fixed effects, scaled to equal zero in the initial period, are

presented in the left and right hand panels of Figure 4.

The left hand panel shows that the percentage of total wholesale funding that is de-

13One exception is Austria, which has had a substantial amount of outstanding mortgages granted in Yen.
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nominated in Swiss francs has declined moderately in the sample countries since the global

financial crisis. This moderate decline can be observed in all sub-samples, with the exception

of the core non-euro countries (Denmark and the UK). The right hand panel shows that the

percentage of wholesale funding that is denominated in other foreign currencies has remained

relatively constant for the sample countries as a whole and for periphery countries, but has

declined quite strongly for core countries. This strong decline in core countries reflects a shift

toward increased use of domestic currency denominated cross border wholesale funding (not

shown).

4.3 Adjusting bank positions for exchange rate valuation effects

To estimate the empirical specification in Section 3.2.2, we need the change in funding posi-

tions across currencies excluding changes due to exchange rate movements. The adjustment

for valuation effects is complicated by the fact that we do not have the exact currency break-

down for other foreign currencies. We hence consider here how to adjust the data for such

valuation effects. Consider the wholesale funding position of country c in a foreign currency

j. We denote its value in domestic currency at the end of period t by Lc,j
t . The total change

in the value of the position between periods t− 1 and t consists of the active change in that

position, F c,j
t , 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 Sc,j
t (so an increase is an

appreciation of the foreign currency). The dynamics of the position are then:

Lc,j
t = Lc,j

t−1 + F c,j
t + Lc,j

t−1dln(S
c,j
t )

Which we rewrite as:

l̇c,jt = f c,j
t + Ṡc,j

t

where l̇c,jt = dLc,j
t /Lc,j

t−1, f
c,j
t = F c,j

t /Lc,j
t−1 and Ṡc,j

t = dln(Sc,j
t ). 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 ϖc,j is the share of foreign currency j in the other foreign

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

l̇c,CH
t = f c,CH

t + Ṡc,CH
t (5)

l̇c,FX
t = f c,FX

t +
∑
j

ϖc,jṠc,j
t (6)

where f c,FX
t =

∑
j ϖ

c,jf c,j
t and l̇c,FX

t =
∑

j ϖ
c,j l̇c,jt .

The Swiss franc lending monitor provides us with the changes in positions, l̇c,CH
t and

l̇c,FX
t , but not the individual l̇c,jt . We also observe exchange rates Ṡc,CH

t and the various Ṡc,j
t .

While we can directly back out the active portfolio changes in CHF positions f c,CH
t , we need
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to estimates the these for positions in other foreign currency, f c,FX
t . To do this, we rely on

empirical estimates of the weights ϖc,j . The country specific estimates we use for the ϖc,j

are given in the appendix Table 1, and Appendix D provides country specific details on the

selection of these currency weights.

We have relied on three sources for constructing these. The first is the ECB annual

report on the international role of the euro (the latest of which is ECB [2014]) that gives the

composition of overall deposits and bank loans for selected countries. This source suggests that

in many cases, a currency (primarily the euro) plays a overwhelming role and we then assume

that the non-CHF positions in foreign currencies are in that currency. The second source

is the results from a regression analysis, 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 l̇c,FX
t on the various Ṡc,j

t then gives

estimates for the coefficientsϖc,j in (6). 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 ϖc,j . When the regression results provide

a good fit of the composition across several currencies, we rely on them. In some cases the

regression results are problematic, for instance when the country holds 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.

4.4 Explanatory variables

The model presented in Section 3 points to the role of the cost of funding in various currencies.

Instead of focusing on the interest rate, we also consider the quantitative easing measures

undertaken by central banks to directly impact the availability of funding. The model also

points to the role of exchange rate movements, as well as shift in the loans and deposits in

foreign currency should be included.

4.4.1 Funding Costs

The first explanatory variable is the change in the deviation from uncovered interest parity.

We compute these differentials using 3 month interbank deposit rates in the domestic and

foreign currencies. Moreover, we assume that the expected appreciation of the foreign cur-

rency is equal to the current appreciation of that currency, and check robustness to assuming

that expected exchange rate changes are zero.14

14When risks related to international interbank lending in European banks increased during the sample period,
the cost of and access to Swiss franc funding by foreign banks increased compared with Swiss banks, by a
foreign-bank specific money market funding risk premium. To try to capture this and thereby introduce more
variation in the money market funding cost measure, we followed Fleming and Klagge [2010] and computed
the spread between 3-month unsecured funding in Swiss francs by non-Swiss banks and by Swiss banks as
reported by the contributing banks in the CHF Libor panel. This spread turned out not to be significant in
any regressions, and we have hence left it out.

16



The role of the uncovered interest parity differential derives from the model assumption

that banks cover their foreign currency wholesale funding needs in the interbank market in

that currency, and not in the foreign currency swap market. As noted in Section 3, banks

can also fund themselves in the foreign currency swap market as well, and in the empirical

specification, we allow for this by including the covered interest differential as a control

variable.

During the larger part of the sample period, policy rates were at the zero lower bound,

and monetary policy was conducted through alternative tools such as quantitative easing and

the provision of swap lines with foreign central banks. The SNB provided swap lines with

the European Central Bank and the Polish and Hungarian central banks from late 2008 and

until January 2010.15,16 The Federal Reserve similarly provided US dollar funding through

swap lines with foreign central banks. We capture the strains in the foreign currency funding

markets, and their alleviation through central bank measures such as foreign currency swap

lines, through the covered interest differential (insert references to papers making this link).

The explanatory variable is measured in terms of percentage changes over the quarter in

question (the relative change between the end of the previous quarter and the end of the

current quarter). We hence take the change across the quarter in funding costs as well. Due

to high variation in the daily data on interest and exchange rates, however, we use the average

of the interest and exchange rates of the last week of the quarter.

4.4.2 Exchange Rate Risk Developments

The theoretical model indicates that the appreciation, expected variances and expected covari-

ances of exchange rates of foreign currencies matter for the use of foreign funding currencies.

Variances and covariances are based on weekly average exchange rates, but note that if

these were instead based on daily data, it would not influence the results. The upper pan-

els in Figure 5 depicts the quarterly averages of the Swiss franc and the US dollar nominal

exchange rates and weekly variation against the euro. While the Swiss National Bank was

actively managing the exchange rate during the larger part of the sample period, this was

not the case for the other two foreign currencies. From March 2009 to August 2011, this

management involved foreign exchange interventions and liquidity expansions. From Septem-

ber 2011 to January 2015, the exchange rate was managed through a floor vis-à-vis the euro,

which required occasional foreign exchange interventions. During the floor period, Swiss franc

remained largely stable against the euro, and it’s variance was very low. The large peak in

Swiss franc exchange rate variation in the third quarter of 2011 reflects intra-quarter variabil-

ity in the months of July and August, which ended with the imposition of the exchange rate

floor against the euro in September 2011. The peak in the first quarter of 2015 reflects the

15For the nature and role of the swap agreements, see Auer and Kraenzlin [2011].
16Other unconventional policy measures had balance sheet effects were also taken, but is not discussed in detail
here, see Kettemann and Krogstrup [2014] and Christensen and Krogstrup [2014]

17



Swiss National Bank’s abandonment of the floor against the euro. We check the robustness

of the results to this decision by including a dummy for that quarter. These peaks in weekly

exchange rate variability was a shock to foreign banks’ use of the Swiss franc and we hence

want to include them in our regressions (i.e. we do not treat it as an outlier). For robustness,

we control for dummies for those quarters.

The lower left panel in Figure 5 shows the covariance between the Swiss franc euro and

the US dollar euro exchange rates (red line) and the covariance between Swiss franc US dollar

and the euro US dollar exchange rates (blue line). These exchange rate covariations increase

during periods of global financial uncertainty, as reflected by the V IX depicted in the right

lower panel. We also control for the V IX as an alternative measure of global financial factors

in the empirical specification, but note that due to the high correlation with exchange rate

covariances, we do not include these two measures simultaneously.

5 Regressions and Results

Summary statistics for the regression variables for euro countries are displayed in Table,

and those for non-euro countries in Table. To ease comparison, all explanatory variables in

the form of variances and covariances are multiplied by 1000, and all rates of change are

converted into yearly percentage equivalents (i.e. percent per annum). For example, we have

computed the rates of exchange rate appreciation and the rates of valuation adjusted changes

in deposits across the quarter as the relative quarterly change times 400. This makes these

variables directly comparable to conventional interest rate notation. Poland is excluded from

the regressions because of a lack of data on the currency composition of bank assets, which

precludes the calculation of net exposures.

While we construct estimates of the split of the other foreign currencies across specific

currencies (specifically the euro and the US dollar) in section 4.3, we do not have precise

estimates of the time variation in these shares, and we hence cannot fine-tune our empirical

specification across these two currencies. Instead, for the sub-sample of countries that are

not in the euro area, we consider the euro to be the non-CHF foreign currency. For countries

in the euro area, we instead consider the US dollar to be the main non-Swiss franc foreign

currency.

The baseline regression variables and their descriptive statistics are given in Table 1 for

non-euro area countries, and Table 2 for euro area countries. For notation, primary foreign

funding currency is denoted by FC and the other foreign currency is denoted by OC. In the

case of the euro area country sample, FC is the Swiss franc and OC is the US dollar, while

for non-euro countries, the second foreign currency OC is the euro.

Following specification 4, the dependent variable is the growth rate of wholesale liabili-

ties, adjusted for valuation change from exchange rates (the changes are recorded at end-of-

quarter). The sample goes from the first quarter of 2007 to the second quarter of 2015, and
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is unbalanced.

Table 3 presents our baseline regression results. We split the sample between countries

that are not members of the euro area (left panel) and countries that have the euro as their

currency (right panel). For each panel we present the results for the (first difference) funding

positions in Swiss franc and other foreign currencies, these being the euro for the left panel

and the US dollar for the right panel.

We find that funding costs play some role, but in a contrasted way. The UIP deviation

enters significantly and with the right sign for Swiss franc funding in non-euro countries, but

is not significant in the other specifications. The CIP deviation matter for Swiss franc funding

in euro area countries and for euro funding in the other countries. This suggests that funding

activity in the relatively more sophisticated euro area financial markets operates mostly in

combination with exchange rate swaps covering the exchange rate risk.

Exchange rate movements matters, with a future appreciation of the foreign currency

raising its use in funding for non-euro area countries that are long in the foreign currency.

This is line with our model as the appreciation raises the domestic currency value of the

long position, which is offset by increasing the foreign currency funding liabilities. This is

observed both for funding in Swiss franc and euro. Risk considerations have some effect for

Swiss franc funding outside the euro area. The volume of Swiss franc funding is reduced when

the exchange rate is more volatile, or when the Swiss franc moves more in step with the euro.

Finally, the movements in lending and deposit matter. Higher lending in a foreign currency

raises the extent of wholesale funding in that currency, this effect being observed across the

board, but especially outside the euro area. Additional deposits in euro also reduce the use

of that currency for wholesale funding.

We refine our analysis by considering whether drivers differ across core and periphery

countries. We do so by interacting all explanatory variables with a dummy that takes the

value one for core countries, and zero otherwise.17 The results are shown in Table 4. This

matters for Swiss franc wholesale funding demand in non-core non-euro countries, but for all

other specifications, the addition of the core dummy does not substantially change results.

Overall, our analysis shows a highly contrasted situation, as the drivers of foreign currency

funding are quite heterogeneous across country groups, and across currencies. Among non-

euro area countries, the funding activity in Swiss franc appears primarily driven by exchange

rate movements and lending activity in that currency.

6 Conclusion and Further Work

This paper considers the determinants of banks’ wholesale funding in foreign currencies by

relying on a novel database on the use of the Swiss franc and other currencies by banks outside

17Core countries are AT, GB, DK FR, DE, LU.
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Switzerland. We develop a simple model of funding currency choice that highlights the role

of the relative cost of funding, past and future movements of exchange rates, exchange rate

volatility, and fluctuations in foreign currency lending and deposits. The model points that

the impact of several variables depend on the banks’ net position in the foreign currencies.

Our empirical analysis finds support for several implications of the model, and shows

that the drivers are highly contrasted across different foreign funding currencies. Swiss franc

funding in emerging European countries is primarily affected by exchange rate movements, in

line with the model, as well as variations in loans denominated in Swiss francs. The cost of

Swiss franc funding does not play a role for these countries, but matter in euro area countries

that are not financial center. Finally, risk-related considerations play a larger role among

financial centers. Funding in foreign currencies other than the Swiss franc is also affected

by exchange rates and lending activity among emerging economies, but overall displays less

sensitivity to movements in the various factors than Swiss franc funding does.

Our results thus point to substantial heterogeneity across currencies, as well as across

countries. Our results display some sensitivity to the specifications considered, pointing to

the need to carefully disentangle level and dynamic aspects. A dynamic VAR analysis is thus

a promising additional step to assess the determinants of funding.
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Appendix

A Theoretical model

A.1 Bank equity

Equity is the residual value of loans minus deposits and wholesale funding. At period 2 equity

is given by:

K2 =
∑

i=dom,eur,chf

Si
0C

i
0 exp

(
νC,i
1 + εdom2 + (1− λ)

(
νS,i1 + τS,i2 νS,i2 + εS,i2

))
−

∑
i=dom,eur,chf

Si
0D

i
0 exp

(
νD,i
1 + νS,i1 + τS,i2 νS,i2 + εS,i2

)
−F dom

0 exp
(
fdom
1 + τ q,dom2 νq,dom2

)
−

∑
i=eur,chf

Si
0F

i
0 exp

(
f i
1 + νS,i1 + τ q,i2

(
1 + νq,i2

)
+ τS,i2 νS,i2 + εS,i2

)

where we used the notation that F i
1 = F i

0 exp
(
f i
1

)
.

A.2 First-order conditions and approximations

The bank maximizes the expected utility of equity subject to the constraint that the overall

level of wholesale funding is given:

E1
(K2)

1−γ

1− γ
+ ϕ0

 ∑
i=dom,eur,chf

Si
0F

i
0 exp

(
f i
1 + νS,i1

)
− F̄1


The first-order conditions leads to a set of two portfolio Euler conditions (??) linking the

expected discounted returns between funding in domestic currency and funding in foreign

currency i.

We take a cubic expansion of (??) with respect to the shocks ε’s, τ q,eur2 and τ q,chf2 , the

terms ν’s and the terms f ’s. The expansion takes the form:

0 = lineari,1 +
1

2
quadratici,1 +

1

6
cubici,1

In general, the linear term has first-, second- and third order components, the quadratic terms

has second- and third order components, and the cubic term has a third-order components.

In our case, only the second- and third-order components include terms that are not zero.

We use the second-order component to compute the zero-order funding positions F i
0, and the

third-order component to compute the first-order funding positions f i
1.
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Specifically, the second-order components of the linear and quadratic terms are:

lineari,1 (2) = (K0)
−γ

(
τ q,i2 − 1

2
σ2
fx

)
quadratici,1 (2) = (K0)

−γ σ2
fx − 2γ (K0)

−γ−1Neti0σ
2
fx

Combining these terms leads to (??).

The third-order components of the linear, quadratic and cubic terms are:

lineari,1 (3) = (K0)
−γ

(
τ q,i2 νq,i2 + τS,i2 νS,i2 − 1

2
σ2
fxν

σ,i
2 − τ q,dom2 νq,dom2

)
quadratici,1 (3) = (K0)

−γ σ2
fxν

σ,i
2

−2γ (K0)
−γ−1

(
τ q,i2 − 1

2
σ2
fx

) ∑
k=eur,chf

Netk0ν
S,k
1

−2γ (K0)
−γ−1

[
Neti0σ

2
fxν

σ,i
2 −Netj0σ

2
fx

1

2
νρ2

]
cubici,1 (3) = −3γ (K0)

−γ−1 σ2
fx

∑
k=eur,chf

Netk0ν
S,k
1

−6γ (K0)
−γ−1

 Neti0ν
S,i
1 + (1− λ)Si

0C
i
0

(
νC,i
1 − λνS,i1

)
−Si

0D
i
0ν

D,i
1 − Si

0F
i
0f

i
1

σ2
fx

−6γ (−γ − 1) (K0)
−γ−2Neti0ν

S,i
1 σ2

fx

where the index j denotes the foreign currency other than i. Combining these terms leads to

(??).

B Data Sources and Definitions

The Swiss franc Lending Monitor contains end-of-month bank balance sheet positions. We

match this by using end-of-month position of the relevant variables, notably exchange rates,

unless otherwise noted below.

• Nominal GDP: Quarterly, seasonally adjusted, quarterly values, not annualized. Source:

IFS.

• Real GDP: Index, 2005=100, seasonally adjusted. Source: IFS.

• Exchange rate vis-a-vis the EURO: Local currency per euro nominal exchange rate,

average rate of the last week of the quarter. Includes the euro exchange rates for euro

countries, relating to their pre-euro currency. Source: Datastream.

• Exchange rate vis-a-vis the USD: Local pre-euro currency per USD, average rate of the

last week of the quarter. Source: Datastream.
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• Exchange rate vis-a-vis the CHF: Local currency per Swiss franc. For euro countries,

the euro Swiss franc exchange rate has been used. The Estonian exchange rate is

the pre-euro rate up until 2010Q4, and the euro exchange rate from 2011Q1. Source:

Datastream.

• Exchange rate volatilities are computed as the quarterly average of the daily squared

change in the log of the exchange rate.

• Pairwise exchange rate correlations are computed as the correlation in labor-daily data

of the two exchange rates over the quarter.

• US Monetary Base. Adjusted for reserve requirement changes. Quarterly average of

monthly levels. Source: St Louis Federal Reserve. In millions USD.

• euro Area monetary base: Quarterly average of monthly levels. Source: BIS. In millions

euro.

• Swiss monetary base: Quarterly average of monthly levels. Source: SNB. In millions of

Swiss francs.

• Federal Reserve bilateral USD currency swap volumes. Source: Federal Reserve. Quar-

terly averages, in millions of USD.

• SNB bilateral Swiss franc currency swap volumes. Source: SNB. Quarterly averages, in

millions of Swiss francs.

• VIX: Options based expected stock price volatility, based on the S&P, calculated by the

CBOE. Source: Datastream.

• Money market spread: Spread between 3-month libor and 3-month ois rate in the

respective currency. Quarterly average of daily spreads. Source: SNB

• Leverage of US securities brokers and dealers: As defined in Arian et al. [2014], page 9.

Source of total assets and liabilities of securities brokers and dealers: US Financial Ac-

counts (http://www.federalreserve.gov/datadownload/Build.aspx?rel=Z1). Quarterly,

based on end-of-quarter accounts.

C Implicit Swap Rates

A bank can obtain foreign currency funding directly by borrowing foreign currency at the

foreign currency interest rate. It can also obtain foreign currency funding indirectly by bor-

rowing domestic currency, at the domestic interest rate, and swapping these funds into foreign

currency for the duration of the loan in the foreign exchange swap market. It buys foreign

currency at the spot exchange rate, and simultaneously purchases a forward for the amount of
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the loan that is to be repaid at maturity. We therefore calculate the implicit cost of borrowing

in domestic currency at the domestic money market interest rate and swapping this loan into

foreign currency for the duration of the loan as follows:

yij,swap = yi −

(
Sj
i + f j

i /10000

Sj
i

− 1

)
360

90
(7)

where y is a three month interest rate, j is the foreign currency, i is the borrowing country, S

is the spot exchange rate defined as domestic per foreign currency, and f is the three months

forward premium. f is defined as the difference between the three months forward and the

spot rate multiplied by 10000, and available in bloomberg. We refer to yij,swap as coutry i’s

implicit swap rate for currency j. All data are from bloomberg.

D Adjustment for Valuation Effects

To measure the extent to which Swiss franc funding and lending stocks have changed across

quarters in absolute terms and when adjusted for movements in the Swiss franc exchange

rate, we compute a valuation adjusted flows of the various funding and lending categories

using equations 5 and 6.

Stocks are recorded end of quarter and current exchange rates. We use the average of

the daily local currency Swiss franc exchange rate of the last week of the quarter. This

reduces the influence of daily volatility in exchange rates on the adjusted flow, while staying

as close as possible to the end-of-quarter value prevailing when funding and lending stocks are

recorded. The resulting valuation adjusted flows are measured in local currency and depicted

for different funding and lending categories in Figures.

D.1 Currency composition of non-CHF FX currency flows

To adjust non-CHF foreign currency flows for valuation effects due to exchange rate move-

ments, we need a proxy for the currency composition of the stocks. This information is

not available in our dataset, nor is it available consistently for the sample countries in any

other unified data source. We hence assess the currency composition using three different

approaches, namely regressions that estimate the sensitivity of stocks to changes in the rele-

vant exchange rates, the series of ECB publications on the international role of the euro (see

ECB [2014]), providing data on the share of euros in bank lending and deposits in non-euro

European countries, and country specific data sources when these are readily available. We

simplify by assuming that currency weights have remained constant across the sample period.

This assumption is clearly a limitation, as the figures included in Section ?? suggest that cur-

rency weights have fluctuated in the sample period. It is a necessary assumption, however,

because the three data sources do not contain sufficient information to compute time varying
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weights.

Our choice of weights is summarized in Table 1.

• AT. The Austrian central bank reports that the bulk of non-CHF FX lending to do-

mestic households is in Yen. Non-CHF FX lending to domestic non-financial 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. See Austria National Bank,

http://www.oenb.at/isaweb/report.do?report=3.78. Note also that since Austria does

not report total assets and total liabilities, 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 papers by Brown and

coauthors). Bulgaria has pegged to the euro during the sample period, and we have

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 also

USD. ECB [2014] suggests that

• DE. Germany: Bundesbank offers detailed stats on currency composition of non-euro

assets and liabilities vis-Ã -vis residents (but not for non-residents), see 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.

We have based the currency weights for Germany on the Bundesbank data.

• GB, England. Bank of England’s homepage did not come up with data on the currency

breakdown of balance sheet positions of UK banks. The regression estimates of currency

weights are plausible, and we have based the currency weights that we use on these.

• GR, Greece: Central bank homepage offers detailed information on currency break-

down for lending and deposits in non-CHF foreign currency across time. We have

computed currency weight averages for the sample period based on these data. See

http://www.bankofgreece.gr/Pages/en/Statistics/monetary/assets debit.aspx.

• HR, Croatia. It was not possible to find statistics on the central bank homepage. We

consider that all non-CHF FX is in euro for all subcategories.

• HU, Hungary. It was not possible to find statistics on the central bank homepage. The

regression estimates of currency weights are plausible and in line with the information

in ECB [2014], and we have based the currency weights that we use on these.
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• LV, Latvia. Latvia has pegged to the euro during the sample period, and we have hence

excluded the euro from the regressions. It was not possible to find statistics on the

central bank homepage. We hence rely on ECB [2014] for determining FX currency

weights for Latvia.

• RO, Romania’s central bank offers stats on currency breakdown of lending and deposits

on domestic, see see http://www.bnro.ro/Loans-to-households-6374.aspx.

• RS, Serbia’s central bank offers detailed statistics on currency breakdown of lending

to and deposits from residents, see http://www.nbs.rs/internet/english/80/index.html.

We use the ECB [2014] numbers for Serbia.

• SI, Slovenia: It was not possible to find statistics on the central bank homepage. We

consider that all non-CHF FX is in USD for all subcategories.
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E Tables

Mean Maximum Minimum Std. Dev. Obs

Growth in FC cross border deposits 7.69 533.01 -97.13 66.50 288
d(UIP vis-a-vis FC) -0.21 65.42 -75.70 20.52 288
d(CIP vis-a-vis FC) -0.02 5.52 -6.49 0.89 288
FC appreciation * NetFC 2.94 45.34 -16.51 8.89 288
OC appreciation * NetOC * NetFC -0.11 7.52 -16.58 2.03 288
d(FC Variance) * NetFC 0.00 1.04 -1.03 0.21 288
d(Covariance, FC and OC) * NetOC 0.00 0.39 -0.20 0.04 288
Growth in FC loans 1.30 254.79 -86.54 24.98 288
Growth in FC domestic deposits 3.11 142.70 -65.83 21.30 288

Growth in OC cross border deposits 0.73 92.80 -25.28 11.53 288
d(UIP vis-a-vis OC) 0.09 56.75 -57.00 11.40 288
d(CIP vis-a-vis OC) -0.13 5.53 -6.13 0.89 288
OC appreciation * NetOC -0.16 11.25 -24.81 3.04 288
FC appreciation * NetFC * NetOC -0.31 9.14 -25.10 2.85 288
d(OC Variance) * NetOC 0.00 0.20 -0.31 0.02 288
d(Covariance, FC and OC) * NetCHF 0.00 0.17 -0.32 0.02 288
Growth in OC loans 1.05 22.57 -34.59 5.99 288
Growth in OC domestic deposits 1.37 32.07 -79.39 7.82 288

Dummy CORE (=1 for DK, GB) 0.20 1.00 0.00 0.40 288

Foreign currencies FC=CHF, OC=EUR
Sample: Quarterly. 2007Q1 - 2015Q2
Countries: Non-euro Countries. BG, CZ, DK, EE1, GB, HU, HR, LV, RO, RS

Table 1: Descriptive statistics for non-euro country baseline regression variable
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Mean Maximum Minimum Std. Dev. Obs

Growth in FC cross border deposits 1.55 417.34 -84.433 45.25 224
d(UIP vis-a-vis FC) -0.27 51.77 -49.51 17.49 224
d(CIP vis-a-vis FC) 0.09 2.10 -0.56 0.49 224
FC appreciation * NetFC 2.63 46.51 -21.17 7.61 224
OC appreciation * NetOC * NetFC 0.06 12.87 -9.87 2.69 224
d(FC Variance) * NetFC 0.00 1.26 -1.23 0.21 224
d(Covariance, FC and OC) * NetOC 0.00 0.07 -0.06 0.01 224
Growth in FC loans -0.28 140.48 -56.58 18.38 224
Growth in FC domestic deposits 3.25 175.00 -76.33 25.81 224

Growth in OC cross border deposits -0.54 107.57 -47.64 15.30 222
d(UIP vis-a-vis OC) -0.20 72.71 -50.94 21.39 222
d(CIP vis-a-vis OC) 0.01 0.57 -0.38 0.21 222
OC appreciation * NetOC -0.19 20.91 -14.88 4.75 222
FC appreciation * NetFC * NetOC -0.12 12.59 -9.65 2.03 222
d(OC Variance) * NetOC 0.00 0.16 -0.15 0.02 222
d(Covariance, FC and OC) * NetFC 0.00 0.07 -0.06 0.01 222
Growth in OC loans 1.62 201.86 -54.32 17.82 222
Growth in OC domestic deposits 0.88 65.90 -40.41 11.04 222

Dummy CORE (=1 for AT, DE, FR, LU) 0.42 1.00 0.00 0.49 224

Foreign currencies FC=CHF, OC=USD
Sample: Quarterly 2007Q1 - 2015Q2
Countries: Euro Countries AT, DE, EE2, FR, GR, IT, LU, SI, SK,

Table 2: Descriptive statistics for euro country baseline regression variables
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