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Abstract

To shed light on the interaction between macroprudential and monetary policies, we study
the inward transmission of foreign monetary policy in conjunction with domestic macropru-
dential and monetary policies in Norway and Sweden. Using detailed bank-level data we
show how Norwegian and Swedish banks’ lending reacts to monetary policy surprises arising
abroad, controlling for the domestic macroprudential stance and the interaction between
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1 Introduction

After the 2007-2009 global financial crisis, it has become widely agreed that macroprudential
policy is a necessary companion to monetary policy for ensuring macroeconomic stability (see
Smets (2014); Finocchiaro and Grodecka (2018)). It has been shown for several countries that
monetary policy transmission can be affected by macroprudential policies (see e.g. Kashyap
and Stein (2000), Gambacorta and Mistrulli (2004), and Aghion and Kharroubi (2013)). Due
to the complex nature of monetary and prudential policies, the effect of their interaction can
be ambiguous. Theoretically, this could be because business cycles do not always coincide
with credit cycles, which means that the two policies can, over time, either work in the same
or opposite directions (Repullo and Suarez (2012)). According to Angelini et al. (2014), the
ambiguity of the interaction between macroprudential and monetary policies can also be due
to the varying degrees of cooperation between monetary and regulatory authorities. It is,
therefore, not surprising that empirical estimations of the interaction between monetary and
macroprudential policy typically find it to be statistically insignificant (Aiyar et al. (2016)
and Dell’Ariccia et al. (2012)). However, more importantly, the analysis of the interaction
between monetary and macroprudential policy mostly focuses on the domestic case, i.e., how
domestic macroprudential policies interact with domestic monetary policy. This limitation is
particularly important for small open economies that face substantial spillovers from foreign
monetary policy.

In this paper, we revisit the topic but focus on the interaction between foreign monetary
spillovers and domestic macroprudential policy. Specifically, we are interested in domestic
economies’ exposure to foreign monetary policy surprises and whether domestic macropru-
dential policies can shield the domestic economies from foreign monetary surprises. We also
compare the effects of foreign monetary policy surprises to those of domestic monetary poli-
cies. We examine these questions using bank-level data from two small open economies,
Norway and Sweden, which both have a substantial share (about one-third for Norway and
half for Sweden) of bank funding denominated in foreign currencies and are thus likely to
be particularly prone to foreign monetary policy spillovers (Cao and Dinger (2018)). More
specifically, we test how bank lending reacts to unexpected foreign monetary policy changes,
focusing on spillovers from the U.S., the Euro Area and the U.K.

International monetary policy can affect domestic lending through at least two channels.
First, the international bank lending channel (Bernanke and Blinder (1992); Bernanke and
Gertler (1995)) presumes that following a contractionary monetary policy shock, interna-

tionally active banks may reduce their domestic lending due to higher funding cost abroad.



The second channel brought forward is the portfolio channel that has different predictions
regarding domestic lending. A tightening of foreign monetary policy may reduce the credit-
worthiness of foreign borrowers and reduce their collateral values, which may induce banks to
reshuffle their portfolios away from foreign assets and towards domestic assets (see Barbosa
et al. (2018) and Hills et al. (2019)), hence increase domestic lending. This channel has been
also called the international substitution effect in Avdjiev et al. (2018).

We start our empirical analysis from running baseline regressions that are identical for
Norway and Sweden. For both countries, we find that tighter domestic macroprudential
and domestic monetary policies are associated with lower bank lending. We also find that
a monetary contraction in the core is associated with an increase in domestic lending in
Norway. The interaction between the considered policies is insignificant for Norway. For
Sweden, we find either insignificant or mixed evidence on the prevailing channel in our
baseline regressions. However, domestic macroprudential policies tend to significantly affect
changes in lending arising after foreign monetary policy surprises.

We next examine the factors driving the baseline results and explore country specific
channels. In Norway the impact of foreign monetary policy spillovers is shaped not only
by foreign monetary policy surprises, but also by the cost advantage of funding in foreign
currency, which depends on the degree to which exchange rate dynamics do not neutralize
interest rate differentials. Once we control for this cost advantage, the initial result pointing
to the presence of a portfolio channel in Norway disappears. This exercise illustrates that
lending dynamics should not only be explored as a function of foreign monetary policy but
could also depend on exchange rate dynamics. For Sweden, the domestic-foreign interest
rate differential does not seem to play a crucial role. This may be because Swedish banks
maintain, on average, a much more balanced portfolio in foreign currencies compared to their
Norwegian counterparts. The fact that the forex cost advantage is less predictable in Sweden
than in Norway might also explain the divergence of results in this direction. Indeed, we
can further highlight the importance of foreign monetary policy surprises rather than the
cost advantage for Sweden, by exploiting more granular data including monthly monetary
surprises and the specific currency denominations of liabilities of the largest banking groups
in Sweden. More specifically, we investigate the lending response of those institutions to
foreign monetary surprises by accounting for their weighted institution-specific exposure to
individual currencies and find that using the weighted currency exposures helps uncover the
international bank lending channel.

Overall, our results highlight the importance of macroprudential rules in shaping the

effects of international monetary spillovers in Norway and Sweden. Even though the in-



ternational spillovers may have different specificities in the two countries, macroprudential
policies have in both cases the potential to play a mitigating role.

Our paper relates to a large literature on the transmission of foreign monetary policy
shocks. With regard to empirical studies on the presence of the bank lending and portfolio
channels of foreign monetary policy shocks, Lindner et al. (2019) find limited evidence for the
importance of foreign monetary policy transmission through banks for Austria and Germany.
In contrast, Hills et al. (2019) establish evidence for the bank funding and bank portfolio
channel in the transmission of foreign monetary policies in Hong Kong and the U.K., as
do Barbosa et al. (2018) for Ireland and Portugal. Auer et al. (2019) discuss the role of
the international portfolio channel for Switzerland. Gajewski et al. (2019) document the
importance of bank lending in the transmission of foreign monetary policies for Chile, Korea
and Poland. The international bank lending channel has also been confirmed for Italy and
France in Schmidt et al. (2018). Argimon et al. (2019) look at the other side of the coin in
their study for the Netherlands, Spain, and the U.S., showing that banks transmit domestic
monetary policy internationally. This has been found true also for Canadian banks in Auer
et al. (2019). For Norway, Cao and Dinger (2018) document the impact of foreign monetary
policy, which determines the cost of bank funding in foreign currency, on domestic lending
after controlling for exchange rate dynamics.

Our results contribute to this literature by showing that the international bank lending
channel is contingent not only on the surprise component of policy but also on predictable
interest rate differentials controlling for exchange rate dynamics. The comparison between
Norway and Sweden is indicative about the different channels through which monetary policy
in core countries can affect domestic lending.

Our paper complements the recent literature on the cross-border spillovers of prudential
policy (Buch and Goldberg (2017) provides an extensive review on related studies), which
finds that the effects of prudential instruments sometimes spill over borders through bank
lending. We also contribute to the literature on the impact of the interaction between
domestic monetary and prudential policies on bank lending, such as Forbes et al. (2017)
who investigate how microprudential capital requirements interact with the Funding Lending
Scheme in the UK, and DeJonghe et al. (2020) who analyze how Pillar IT capital requirements
interact with monetary policy stance.

The paper proceeds as follows. Section 2 introduces the institutional framework by pre-
senting some general information on the Norwegian and Swedish banking sectors as well as on
the design of monetary and macroprudential policies in both countries. Section 3 discusses

the data. Section 4 introduces the baseline results for both countries, while Section 5 ex-



plores the channels that drive the interaction between monetary policy and macroprudential

regulation separately for Norway and for Sweden. Section 6 concludes.

2 Institutional background

2.1 The structure of the banking sectors

Both Norway and Sweden are bank-oriented economies characterized by a high degree of
concentration. In Norway, the banking sector (banks and their subsidiaries) accounts for
80% of total domestic credit to households and businesses (as of 2017Q4), in Sweden this
number amounts to 45% (if we include mortgage institutions, the majority of which belongs
to the banking groups, it even is 95%, as of year-end 2015, see Sveriges Riksbank (2016)).
Compared with other European countries, Norway’s banking sector is not particularly large
relative to total GDP. Norwegian banks hold total assets of approximately 220% of Norwegian
GDP. Total assets of the Swedish banking sector are approximately 400% of GDP.!
Norwegian banks are classified as either savings banks or commercial banks. As of
2018Q1, there are 99 savings banks and 36 commercial banks in Norway; among the com-
mercial banks twelve are foreign owned banks, including six subsidiaries and six branches.
Commercial banks are limited liability companies. Foreign commercial banks are either sub-
sidiaries or branches of mostly Swedish and Danish banks.? Savings banks (“sparebank”)
were originally established by Norwegian municipalities as independent entities without ex-
ternal owners, taking deposits and providing credit to local households and regional busi-
nesses. Nowadays the difference between savings banks and commercial banks is becoming
smaller: Since 1987, savings banks have been permitted to raise external equity by issuing
primary capital certificates (PCCs), although PCCs do not give their holders ownership over
the bank’s entire equity capital. In 2002 savings banks were given the option of converting to

limited liability savings banks.> There is full equality under the law between savings banks

!This number potentially overestimates the size of the banking sector in Sweden as of 2020, since most
Nordic banks had their headquarters in Sweden until October 1, 2018. After this date one of the major
banks, Nordea, moved its headquarter to Finland (Nordea (2018)), which resulted in a ratio of Swedish total
banking assets to GDP of 300% without major changes in the operations of the Swedish banking system.

2The main difference between subsidiaries and branches of foreign banks is that the subsidiaries are
subject to Norwegian regulatory authorities, while the branches are subject to the regulatory authorities of
their home countries. Notwithstanding this difference, both types of foreign bank institutions are obliged
to submit the same set of reports concerning their balance sheet and income statements to the Norwegian
statistical authorities.

3So far only one savings bank, Gjensidige NOR, has done the conversion. Later it merged with the
largest commercial bank in Norway, DNB NOR Bank ASA.
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and commercial banks in terms of what business they may engage in.

In Sweden, in addition to commercial banks (limited-liability banks) and savings banks,
co-operative banks exist. Savings banks are small banks operating in regional markets. They
lack equity capital and have no shareholders, with all profits being retained as bank reserves.
Co-operative banks are owned by the cooperatives’ members. The focus of these banks’
operations is on offering banking services to their cooperatives’ members (Sveriges Riksbank
(2018)). As of December 2018, 39 of 124 banks in Sweden belonged to the limited-liability
category, there were 36 foreign owned banks (including 35 branches and one subsidiary), 47
savings banks and two co-operative banks (Swedish Bankers’” Association (2019)).

The exposure of banks to assets or liabilities denominated in foreign currencies might be
informative about the role played by foreign monetary policies in shaping domestic lending.
Figure 1 presents the share of foreign currency denominated balance sheet items for Norwe-
gian and Swedish banks in 2000Q1-2018Q3 (for Norway the data is available for 2001Q1-
2017Q4). The Figure makes clear that Swedish banks are much more engaged in foreign
currency denominated operations in comparison to their Norwegian counterparts. As of
2017Q4, the share of foreign currency denominated liabilities at Norwegian banks accounted
to 30%, while for Sweden the corresponding figure was 53%. For foreign currency denomi-
nated loans, in Norway, they account for merely 13% of banks’ loans, while in Sweden for
42%.* In view of Figure 1, we expect that foreign monetary policy disturbances may play
a more important role in influencing banking activities in Sweden than in Norway. Given
the low share of loans in foreign currencies extended by Norwegian banks compared to their
foreign-currency denominated liabilities, a currency-mismatch is to be expected, for which
foreign exchange rate adjustments may play a role. In Sweden, foreign currency entries on
the assets and liabilities side are generally well-matched and completely-hedged, which, on
the other hand, may decrease the role of foreign monetary disturbances in the transmission
mechanism. These hypotheses are tested in Section 5 of the paper.

The exposure to foreign-denominated assets and liabilities is not uniform across different
bank types in Norway and Sweden and it is concentrated among the largest limited-liability

banks in both countries. Table 1 presents more details on the extent of banking sector

4The data for 2018Q4 for Sweden indicates that the move of Nordea to Finland substantially changed
the banking landscape in Sweden. The shares of foreign currency denominated balance sheet items for
Swedish banks went down substantially from October 2018. Still, these shares remain high and Swedish
banks have relatively more exposure in foreign currencies than the rest of the financial market in Sweden,
and a much higher exposure than the Norwegian banks. As of September 2018, the shares of foreign-currency
denominated (f-d) liabilities, f-d assets and f-d loans stood at correspondingly 56%, 51% and 43% for Swedish
banks. In October 2018, the relevant shares went down to 45%, 39%, 34%. Clearly, these statistics are driven
mostly by the largest four banks in Sweden.



Figure 1: Foreign currency denominated balance sheet items at Norwegian and Swedish
banks 2000-2018
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Source: Norges Bank and Sveriges Riksbank.

concentration in Norway and Sweden, with a focus on foreign-currency denominated (f-d)
balance sheet items. The table illustrates that both Norway and Sweden have concentrated
banking systems, with the concentration in Sweden being higher than in Norway. Also,
in both economies, foreign-denominated assets are particularly concentrated in the largest
banks. In Sweden, the big four banks account for 88% of all foreign-denominated assets
held at MFI’s (monetary financial institutions, including banks, housing credit institutions
and finance companies), the C4 in Norway amounts to 76%. The concentration is even
more striking if we take into account banks only: In Sweden, the big four banks account for
96% of all foreign-denominated banks’ assets, while for Norway this number is 89%. The
share of foreign-denominated liabilities of the biggest four banks in all foreign-denominated
MFTIs’ liabilities is 82% in Sweden, but only 51% in Norway, but when we compare this
share for banks only, it is 95% in Sweden and 86% in Norway. Most of Norwegian and
Swedish banks’ funding is denominated in EUR and USD. On the lending side, given the
presence of mortgage companies in both countries, which account for a considerable share

of lending to households, the role of the biggest banks is not so prominent. However, once



foreign-denominated loans are taken into account, the high concentration becomes evident
again: In Sweden, the foreign-denominated loans of the largest four banks account for 95%
of all banks’ foreign-denominated loans, while in Norway they represent 79%. Once we take
into account the largest eight banks, it becomes clear that for Sweden, they almost cover
the whole of banking assets and foreign-denominated balance sheet items. In Norway, the
banking concentration is slightly lower and one needs to account for savings banks as well

to get the whole picture.

Table 1: The banking structure in Norway and Sweden

Norway Sweden
Variable All banks Top 4 Top8 All banks Top4 Top 8
Share of assets in all MFIs’ assets 72% 43% 51% 74% 60% 67%
Share of f-d assets in all f-d MFIs’ assets 85% 76% 80% 92% 88% 90%
Share of assets in all banks’ assets 100% 60% 1% 100% 81% 92%
Share of f-d assets in all f-d banks’ assets 100% 89% 94% 100% 96% 98%
Share of f-d liabilities in all f-d MFIs’ liabilities 59% 51% 56% 86% 82% 85%
Share of f-d liabilities in all f-d banks’ liabilities 100% 86% 94% 100% 95% 98%
Share of loans in all MFIs’ loans 65% 32% 39% 66% 52% 60%
Share of f-d loans in all f-d MFIs’ loans 97% 7% 84% 89% 85% 86%
Share of loans in all banks’ loans 100% 50% 61% 100% 79% 90%
Share of f-d loans in all f-d banks’ loans 100% 79% 86% 100% 95% 96%

Source: Norges Bank and Statistics Sweden. Notes: MFI stands for monetary financial institutions,
including banks, housing credit institutions and finance companies. ‘f-d’ stands for foreign-currency
denominated. The presented numbers for Norway refer to 2017Q4 due to changes in Norwegian banking
statistics from 2018 onwards. The numbers for Sweden are as of September 2018, before the move of
Nordea to Finland.

2.2 Institutional design of monetary and macroprudential policies

In both countries the central bank (Norges Bank and Sveriges Riksbank, respectively) are
in charge of designing monetary policy with the goal of inflation targeting, taking into
account the trade-off between reaching the inflation target and high and stable output and
employment. The main policy instrument is the policy rate, which in Norway and Sweden is
the rate on deposits by banks at the Norges Bank and Sveriges Riksbank respectively (repo
rate).

In Norway the Ministry of Finance takes the responsibility of monitoring financial markets
and drawing up regulations, while the operational tasks regarding making and implement-

ing prudential policies are divided between Finanstilsynet (Financial Supervisory Authority



of Norway) and Norges Bank. Finanstilsynet supervises banks and other financial institu-
tions to ensure regulatory compliance. The monetary authority, Norges Bank, also has the
mandate of maintaining financial stability. However, Norges Bank focuses more on macro-
prudential policies, while Finanstilsynet works more on microprudential supervision. Macro-
prudential policies, such as countercyclical capital buffer (CCyB), loan-to-value (LTV) ratio,
and debt service coverage ratio (DSR), are recommended by Norges Bank and approved by
the Ministry of Finance before the implementation; microprudential requirements, such as
individual bank capital requirements and sectoral capital requirements (e.g. risk weights on
assets), are designated by Finanstilsynet.

In Sweden the macroprudential mandate lies with Finansinspektionen, the Swedish Fi-
nancial Supervisory Authority (FSA), which is an institution independent on the central
bank, Sveriges Riksbank. However, the two institutions meet regularly in the Financial Sta-
bility Council. Sveriges Riksbank is represented by the Governor in these meetings. The
Financial Stability Council is a forum with representatives from the government (Ministry of
Finance), the FSA, Riksgélden (the Swedish National Debt Office) and the Riksbank. The
council meets regularly to discuss financial stability issues, the need for measures to prevent
financial imbalances from building up and, in the event of a financial crisis, the need for
crisis measures. The council has been established in 2013 and normally meets twice per year
(Financial Stability Council (2018)).

3 Data

3.1 Macroprudential and monetary data

For both Norway and Sweden we use the same data source for the macroprudential index,
as well as foreign monetary policy surprises, in line with the IBRN approach.

In order to control for changes in the macroprudential stance, we use the quarterly
data of Cerutti et al. (2017) for the macroprudential policy stance index that starts in
2000 and ends in 2017. The index is derived from IMF’s Survey of Global Macroprudential
Policy Instruments (GMPI); it is country-specific and summarizes the intensities of borrower-
target instruments, such as loan-to-value (LTV), as well as financial institution-targeted
instruments, such as concentration limits or leverage ratios. We proxy the macroprudential
stance with an intensity measure of cumulated macroprudential actions over two years before
the monetary policy surprise to account for time lags in the transmission of macroprudential

policy. The macroprudential index by Cerutti et al. (2017) also contains information on
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Figure 2: Monetary policy surprises from U.S., Euro Area, U.K., Sweden and a proxy for
Norway.

Note: We use monthly monetary policy surprises data from Giirkaynak et al. (2005) for the U.S., Cesa-
Bianchi et al. (2016) for the U.K., and Andrade and Ferroni (2018) for the euro zone. In addition, we use
a monetary policy surprise series for Sweden as constructed in Rezende (2017). The sample period covers
2000-2014, but the starting date varies due to data availability.

changes in the usage of particular instruments.

We consider monetary policy surprises series from Giirkaynak et al. (2005) for the U.S.,
Cesa-Bianchi et al. (2016) for the U.K., and Andrade and Ferroni (2018) for the euro zone
that is available for years 2000-2014. As such, our regressions span over the time period
2000-2014. Measures of monetary policy surprises are constructed using financial market-
based measures of expectations about the policy instrument and are model-independent. In
addition, for Sweden we use a monetary policy surprise series as constructed in Rezende
(2017).°

®Rezende (2017) isolates the monetary policy rate surprises from the repo path factor with a similar
setting as in Gilirkaynak et al. (2005). The monetary policy surprise measure is comparable to the Kuttner
(2001) measure.



The macroprudential stance index does not vary much in our sample (see Figure Al
in Appendix A for the visualization of the index for Norway and Sweden), as the latest
macroprudential policy changes in most countries happened after the Great Financial Crisis.
The values of the monetary policy surprise measure, in turn, vary substantially across time
as can be seen from Figure 2 which depicts the monthly monetary policy surprises from the
U.S., the Euro Area, the U.K. and Sweden. It appears that the monetary policy surprises
have similar patterns during the Financial Crisis. However, the whole sample correlation
among the surprises’ measures is quite low. The correlation coefficients between Swedish
surprises and those of these three regions (U.S./Euro Area/U.K.) are -0.036, 0.079 and -
0.0475, respectively. It confirms that the monetary surprises from different regions can be
considered as orthogonal. In Norway, there is no publicly available monetary policy surprise
series, so we use monthly changes in Norwegian Interbank Offering Rate (NIBOR) as a
proxy instead, as is shown in Figure 2. The correlation coefficients between the Norwegian
monetary policy proxy and those of the three core economies (U.S./Euro Area/U.K.) are
-0.016, -0.125, and 0.111, respectively.

3.2 Bank-level data

Table 2: Summary statistics for Norway

Mean SD P25  Median P75 N
Panel A: all banks quarterly sample variables

A total lending 0.022  0.038 0.004 0.019 0.034 6949
A lending to MFI 0.027 1511  -.526 0.020  0.589 6883
A lending to NFC 0.024 0.133 -0.014 0.019 0.060 6710
A lending to HH 0.021  0.077  0.002 0.020 0.037 6745
Total Loans/Total assets ~ 0.818  0.126  0.799 0.848  0.887 7212
Equity/Total assets 0.048  0.022  0.038 0.046  0.057 7211

Liquid assets/Total assets  0.065  0.052  0.031 0.054  0.085 7212
Panel B: largest 6 banks quarterly sample variables

A total lending 0.017  0.030 -0.000 .0160 0.035 131
A lending to MFI -0.004 0.0.507 -0.131 0.016 0.206 131
A lending to NFC 0.020  0.091 -0.001 0.015 .044 131
A lending to HH 0.012  0.052  0.000 0.020 0.037 131
Total Loans/Total assets ~ 0.690  0.177  0.645 0.731 815 137
Equity/Total assets 0.023 0.019 0.004 0.021 0.034 137

Liquid assets/Total assets  0.096  0.079  0.034 0.083 0.114 137

Source: Statistics Norway. Notes: This table shows the summary statistics for all bank dependent variables
and control variables from banks’ balance sheets used in the empirical analysis. The sample covers all
banks or the 6 largest banks and their subsidiaries over the 2002-2014 period. Balance sheet items are
unconsolidated. The A denotes the log difference of the corresponding lending activities.
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Table 3: Summary statistics for Sweden

Mean  SD P25  Median P75 N
Panel A: all banks quarterly sample variables

A total lending 0.024 0.047 -0.004 0.020 0.047 2290
A lending to MFI 0.037 0.511 -0.167  0.003  0.230 2290
A lending to NFC 0.014 0.059 -0.014 0.009  0.042 2290
A lending to HH 0.023 0.041 -0.000 0.018  0.038 2290
Total Loans/Total assets ~ 0.794 0.200 0.685 0.846  0.950 2290
Equity/Total assets 0.100 0.095 0.036 0.079  0.129 2290

Liquid assets/Total assets 0.083 0.107  0.000 0.046  0.136 2290
Panel B: institutions in the 8 largest banking
groups quarterly sample variables

A total lending 0.022 0.048 -0.005 0.019 0.046 1024
A lending to MFI 0.029 0.512 -0.163 0.013 0.184 1024
A lending to NFC 0.012 0.0561 -0.016  0.007 0.036 1024
A lending to HH 0.022 0.038 0.001 0.020  0.037 1024
Total Loans/Total assets ~ 0.770 0.206  0.623 0.787  0.968 1024
Equity/Total assets 0.057 0.063 0.031 0.039  0.058 1024

Liquid assets/Total assets 0.083 0.108  0.000 0.009  0.155 1024
Panel C: largest 8 banking groups
monthly sample variables

A total lending 0.008 0.035 -0.012  0.008  0.028 1542
A lending to MFI 0.004 0.251 -0.082  0.004 0.092 1542
A lending to NFC 0.006 0.026 -0.007 0.003  0.017 1542
A lending to HH 0.009 0.014 0.003  0.008  0.014 1542
Total Loans/Total assets ~ 0.733 0.121  0.648 0.714  0.816 1542
Equity/Total assets 0.043 0.022 0.032  0.041  0.053 1542

Liquid assets/Total assets 0.152 0.085 0.106  0.145  0.190 1542

Source: Statistics Sweden and Sveriges Riksbank. Notes: This table shows the summary statistics for all
bank dependent variables and control variables from banks’ balance sheets used in the empirical analysis.
The sample in panels A and B covers all banks and institutions in the banking groups or the financial
institutions belonging to the eighth largest banking groups over the 2000-2014 period (on unconsolidated
basis). The sample in panel C covers the largest eight banking groups on consolidated basis. The A denotes
the log difference of the corresponding lending activities.

The Norwegian unconsolidated bank-level data is reported by the banks to Statistics Norway.
Our sample runs from 2002Q1 to 2014Q4. The quarterly frequency allows us a better match
with other variables such as monetary policy surprises and prudential regulation indices;
further, it reduces the noise associated with very frequent loan volume observations. The
sample is an unbalanced panel of 185 banks. Summary statistics of some key bank-level
variables are shown in Panel A of Table 2. We study the largest 6 banks in a few regressions
to check whether the baseline results are driven by the largest banks. The summary statistics
for these banks are depicted in Panel B of Table 2.

The data used for Sweden in our analysis stem from several sources. We use non-

consolidated bank- and institution-specific quarterly data for 55 financial institutions or
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the consolidated monthly data for the eight largest banking groups in Sweden starting in
2000, provided by Statistics Sweden.® Sveriges Riksbank provides data on the equity of con-
sidered institutions and Swedish macroeconomic variables. Panel A of Table 3 presents the
summary statistics for the quarterly database for all banks (and financial institutions linked
to banks, such as mortgage companies) used in the benchmark empirical section. Panel B of
Table 3 presents the summary statistics for institutions in the largest 8 banking groups used
in the same section. In subsection 5.2, we use monthly consolidated data for the 8 largest
banking groups to explore the banking group specific channels—their currency exposure dif-
ferences. The currency exposures of considered banks are available at the group level from
their financial reports. Panel C of Table 3 presents the summary statistics for the separate

monthly sample.

4 The interaction between foreign monetary policy and

macroprudential regulation: baseline results

We start by exploring the joint impact of foreign monetary policy and macroprudential
regulation, applying the same empirical framework to the two countries. For this purpose,

we estimate the following model:

K K
AYy, = oo+ aiMacropru, + Z OélkMF)tci;y + Z o M Phome
k=0 k=0

K K
+ Z oz37kMPftry - Macropru; + Z 737kMPth°me - Macropru;
k=0 k=0
+ BiXpio1 + BoZiq + fo + 0 + €y (1)

Here AY}; measures the log change of domestic lending by bank b at quarter t.” Macropru,
denotes the intensity of macroprudential regulation, measured by the macroprudential policy
stance index designed by Cerutti et al. (2017). For both countries in all regression specifi-
cations, we use the two years cumulative definition for the macroprudential stance measure
Macroprug. M PV denotes monetary policy surprises from period ¢ —k from country /region

ctry. More specifically, we focus on surprises stemming from the U.S., the Euro Area and

6Statistics Sweden provides data on 55 major Swedish banks and financial companies. Given the high
banking concentration in Sweden and the dominating role of the eight largest banks in foreign currency
operations in Sweden (see Table 1), we use regressions for the eight largest banking groups in section 5.2.

"In all our regressions presented in the paper, we winsorize the dependent variable at 5% and 95%. It
helps to correct for issues related to outliers and missing observations in the bank lending variable.

12



the U.K.. MP"™¢ denotes domestic monetary policy surprises from period ¢ — k from the
home country. Since the lagged monetary policy surprises have shown in preliminary tests
no significant effect, we report here only the results using the contemporaneous monetary
policy surprises (k = 0).%

X;_1 represents the vector of bank-level controls (loan-to-asset ratio, equity ratio, and
liquid assets ratio), which are also taken with a one-quarter lag. The inclusion of these
variables allows us to control for bank-specific factors, which have been shown to affect bank
lending dynamics. In particular, controlling for bank capitalization using the equity ratio
reflects the well-proven link between microprudential ratios and monetary policy transmission
(see for example, Van den Heuvel (2002), Disyatat (2011), and Shin (2016)). Further, Z;,
denotes a vector of additional macroeconomic controls. Specifically, we include GDP growth,
the inflation rate, stock index return (computed from Oslo Bgrs OBX Index (OBX) and
OMX Stockholm 30 (OMXS30), respectively), house price growth (taken from Norges Bank’s
historical monetary statistics and Nasdaq OMX Valueguard-KTH Housing Index), as well as
Chicago Board Options Exchange’s Volatility Index (VIX). To avoid endogeneity concerns,
we take one lag of these variables. M P . Macropru captures the interaction between
foreign monetary policy surprises and domestic macroprudential policies. In order to control
for the impact of domestic monetary policy, we include the domestic interactions between
monetary and macroprudential policies, M P"™¢ . Macropru. In the baseline Table 4, we
moreover provide the results with and without bank fixed effects, f,, and with and without
year fixed effects ;. We then proceed with the specification including bank fixed effects for
the following tables. In all regressions in this section, we cluster the standard errors at the
bank-quarter level. Including quarterly time fixed effects is not a feasible option since these
will fully absorb the variation in the quarterly variables capturing macroprudential index
and monetary policy surprises. The use of time-varying macroeconomic controls included
in the vector Z;_1, however, allows us to sufficiently control for relevant aggregate factors,
which are potentially related to loan demand, thus achieving a better identification of loan
supply.

Our choice of the model for estimating the relation between global monetary policy
dynamics, macroprudential regulation and bank lending has been driven by the guidelines
given by the IBRN (International Banking Research Network) methodological team (see

Bussiere et al. (2020)). This choice allows a straight-forward comparability of the results

8In a few robustness checks, we run a different regression specification in which we interpret M P as

the sum of monetary policy from ¢t — k& to t. It does not change the results and the contemporaneous surprises
seem to have stronger effects.
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presented in this paper to those obtained using data from other countries. The model is based
on two main identification assumptions. First, it assumes that foreign monetary policy is not
driven by domestic loan demand. This assumption is easy to justify given the fact that central
banks in the core countries are unlikely to consider loan demand in other economies such as
Sweden and Norway when setting their policy rates. The second crucial implicit identification
assumption of this model is that any relation between macroprudential regulation and bank
demand will vary only across time and not across banks and will therefore be picked by the
time varying macroeconomic control variables. The choice of macroeconomic controls has
been driven by the consideration of this assumption.

The results of the estimation of our initial specification which uses the sum of the three
foreign monetary policy surprises (U.S., Euro Area and U.K.) as a surprise variable are
reported in Table 4. This table contains three columns for each country. Columns (1) and
(4) contain neither bank nor year fixed effects, columns (2) and (5) include only bank fixed
effects, while columns (3) and (6) include both bank and year fixed effects. Estimates for a
full list of control variables can be found in Appendix A, Table A1.°

These results suggest that generally, there are spillovers of foreign monetary policy to
Norway. They seem to point to a portfolio channel, in the sense that contractionary sur-
prises in foreign monetary policy are associated with higher volumes of domestic lending. We
compute the marginal effect of the foreign and domestic monetary policies. We find that 1
percentage point higher foreign monetary policy surprise expands lending by 2-4 percentage
points, depending on the specification. In comparison, a 1 percentage point higher domestic
monetary policy rate contracts lending by 0.6-0.8 percentage points. Both results are sig-
nificant under the clustered standard errors. For Sweden, the results are more mixed and
mostly insignificant, but we also find weak evidence of a portfolio channel, when we take into
account both bank and year fixed effects in column (6). The marginal effects are computed
at the mean of other covariates for Sweden. For our preferred specification without the year
fixed effects presented in column (5), we find that 1 percentage point higher foreign mone-

tary policy surprise contracts lending by 0.2 percentage points. A 1 percentage point higher

9The estimates are in line with standard banking theories. In both Norway and Sweden, bank lending
is significantly driven by demand factors such as growth in house prices. In Norway, a higher equity ratio
leads to higher bank lending (columns (2) and (3)), but the effect is not significant, probably due to the
reason that bank lending is mostly sensitive to bank capitalization when a bank’s capital ratio is (nearly)
binding (evidence provided by Juelsrud and Wold (2020) using the same dataset from Norway) so that
it is the tightness of banks’ capitalization, rather than the capital ratio itself, that drives bank lending.
Unfortunately, we do not have information on individual bank’s regulatory capital to construct the tightness
measure. In Sweden, the effect of the equity ratio is mostly insignificant (columns (5) and (6)), too, probably
also due to the fact that banks’ equity ratio is only available in yearly frequency so that it is less informative
for quarterly bank lending.
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Swedish monetary policy surprise reduces total lending by 0.3 percentage points. But both
marginal effects are insignificant.

In general, the positive relation between the foreign surprise and lending in Norway and
Sweden might be related not only to substitution in banks’ portfolios but also to the fact
that tightening of monetary policy in the core economies typically happens in times when
the global economy booms which is associated with higher demand for commodities, thus a
generally better macroeconomic dynamics, including higher demand for loans.

For both countries, domestic macroprudential policy has a restrictive effect on lending.
We find both economically and statistically significant marginal effects for macroprudential
policy: A 1 unit increase in the Norwegian macroprudential index contracts lending growth
by 0.2-0.3 percentage points, while a corresponding change in the Swedish macroprudential
index contracts lending growth by 0.2-0.4 percentage points. In case of Sweden, there is
some evidence of the interaction between domestic macroprudential and foreign monetary
surprises in column (6). However, as shown in columns (3) and (6), including year fixed effects
substantially limits the efficiency of the estimation with regard to the macroprudential index
which is characterized by only very little variation within the years for both Sweden and
Norway; therefore, in the rest of the paper, we focus on the specification with bank-fixed
effects, i.e. the specification presented in columns (2) and (5), excluding year fixed effects
from our regressions.

After having established our initial findings we zoom into the source of the monetary
policy surprises and differentiate between surprises stemming from the U.S., from the U.K.
and from the Euro Area. Here we also examine whether the results are sensitive to whether
we use the full sample or focus on institutions in the largest banking groups (the 6 largest in
Norway and the 8 largest in Sweden). The results of these estimations are presented in Table
5. For each country, this table includes two columns for the sum of the surprises, one using the
full sample of banking groups and one using just banks in the largest banking groups (column
(1) and (5) are just a replication of columns (2) and (5) of Table 4, presented here again for
the sake of easier comparison), as well as two columns for each of the surprises stemming from
the U.S., Euro Area and the U.K., again estimated respectively for the full sample of banks
and for the largest banks only. The sum of foreign monetary policy surprise in Norway is
consistent with the portfolio channel as documented in the previous table for the full sample.
This is qualitatively opposite to the effects of changes in the domestic policy rate. For the six
largest banking groups the coefficient on the sum of foreign monetary policy surprises remains
quantitatively unchanged but becomes imprecisely estimated. In case of Sweden, the sum of

monetary policy surprises has an insignificant effect on lending, both in the full sample and
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for largest banking institutions. However, the signs are different, which may indicate that the
largest banking groups in Sweden, mostly exposed to foreign currency changes due to their
forex exposure, react differently to foreign monetary surprises, as opposed to the rest of the
banks operating mostly domestically. For the top eight banking groups in Sweden, there is
some evidence of domestic macroprudential policy interacting with the sum of surprises, even
if the coefficient on the latter is insignificant. For Norway, even though largest banks have
stronger exposure to international funding and thus to foreign monetary policy, our results
show that the estimated coefficients are qualitatively the same, a result consistent with Cao
and Dinger (2018) who show that smaller banks also adjust their lending to changes in
global funding conditions. We assume that the lower statistical significance of the estimated
coefficients for the subsample of only the largest banks is caused by the smaller number of
observations. To confirm this assumption, in unreported tests we re-estimate the model for
a randomly selected comparable number of smaller banks, achieving again similar results in
terms of economic significance. For Sweden, we also further explore this issue using data at a
higher frequency in Section 5.2. The interaction between domestic macroprudential policies
and foreign monetary surprises is mostly insignificant for both countries. However, both for
Norway and Sweden, domestic macroprudential polices tend to have a restrictive effect on
lending.

In Table 6 we investigate whether the relationship between foreign monetary policy sur-
prises and domestic macroprudential policies varies across lending categories (for our whole
sample). In particular, we differentiate between loans to monetary financial institutions
(MFTI), loans to non-financial corporations (NFC) and loans to households (HH). The results
indicate substantial differences across the categories. More specifically, they illustrate that
the positive effect of monetary policy surprises on the total lending volumes for Norway may
be driven by the increased loans to financial institutions, at least if we focus on the euro-area
surprises. U.S. monetary policy surprises on the other hand are negatively correlated with
household lending, as is the domestic monetary policy rate. In Sweden, we find evidence of
a negative effect of a U.S.-based surprise on lending to monetary financial institutions. This
effect is counteracted by the domestic macroprudential policy. We also find that Swedish
monetary surprises have a contractionary effect on lending to MFIs, and that the domestic
macroprudential policy mitigates this effect. In the case of U.K. and euro-area surprises,
the results for lending to MFIs point rather in the direction of the portfolio channel that is
counteracted by the domestic macroprudential policy. There is also evidence on a significant
interaction between macroprudential policies and the effects of U.K.- and euro-area based

monetary surprises on lending to non-financial corporations in Sweden.
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Table 4: Baseline table

Notes: The table reports results of the benchmark regression, with quarterly data for all Norwegian and Swedish banks
and financial institutions belonging to them (on unconsolidated basis). We use the sum of U.S., UK. and Euro Area
monetary surprises as the measure of foreign monetary policy surprises. The macroprudential policy stance is the two-year
cumulative of the Cerutti et al. (2017) macroprudential policy index. The results hold if we replace the macroprudential
policy to be a one-year cumulative value. The dependent variable is winsorized at 5% and 95%. We include additional
controls such as the domestic interactions between monetary and macroprudential policies, one quarter lagged local macroe-
conomic conditions (GDP growth, inflation rate, stock index return, house price growth and VIX), and lagged bank-level
controls (loan-to-asset ratio, equity ratio, and liquid assets ratio). For the home monetary policy, Sweden use the mone-
tary policy surprises measure, while Norway use the change in 3-month NIBOR (Norwegian Interbank Offering Rate) as a proxy.

Norway Sweden

(1) (2) (3) (4) (5) (6)
A Total A Total A Total A Total A Total A Total

Mpsum 0.038*  0.037*  0.026*  -0.002  0.003  0.040"
(0.013)  (0.013)  (0.008)  (0.024)  (0.032)  (0.023)
Macropru -0.003**  -0.004**  -0.002 -0.003"* -0.004***  -0.003

(0.001)  (0.001) (0.001) (0.001)  (0.001)  (0.002)

MP**™ x Macropru  0.003  0.004  0.002  -0.003  -0.002 -0.037"
(0.012)  (0.012) (0.006) (0.014)  (0.016)  (0.017)

MPphome 0.006" -0.006*  0.003  -0.005  -0.003  -0.026
(0.002)  (0.002) (0.002) (0.014)  (0.017)  (0.019)

MP"™ % Macropru  -0.002  -0.002  0.004  0.002  -0.000  0.017*
(0.001)  (0.001) (0.002)  (0.006)  (0.007)  (0.008)

N 6127 6125 6125 1879 1879 1879
R? 0.132 0.252 0.278 0.040 0.141 0.154
Domestic interaction YES YES YES YES YES YES
Bank FE NO YES YES NO YES YES
Year FE NO NO YES NO NO YES
Controls YES YES YES YES YES YES

Bank-Quarter two-way clustered standard errors in parentheses
*p<0.1, " p<0.05 " p<0.01
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Table 5: Sum and individual surprises

Notes: The table reports results of the benchmark regression, with quarterly data for all Norwegian and Swedish banks and
financial institutions belonging to them (on unconsolidated basis). We use the sum of U.S., UK. and Euro Area monetary
surprises, or the U.S., the U.K. and Euro Area monetary surprises separately as the measure of foreign monetary policy
surprises. The macroprudential policy stance is the two-year cumulative of the Cerutti et al. (2017) macroprudential policy
index. The results hold if we replace the macroprudential policy to be a one-year cumulative value. The dependent variable
is winsorized at 5% and 95%. We include additional controls such as the domestic interactions between monetary and
macroprudential policies, one quarter lagged local macroeconomic conditions (GDP growth, inflation rate, stock index return,
house price growth and VIX), and lagged bank-level controls (loan-to-asset ratio, equity ratio, and liquid assets ratio). We
run regression on both the large sample of all banks, and a smaller sample with only major banks in the country. For the
home monetary policy, Sweden use the monetary policy surprises measure, while Norway use the change in 3-month NIBOR
(Norwegian Interbank Offering Rate) as a proxy.

Norway Sweden

(1) (2) (3) (4) (5) (6) (7) (8)
A Total A Total A Total A Total A Total A Total A Total A Total

Mpsum 0.037*  0.027 0.003  -0.007
(0.013)  (0.036) (0.003)  (0.004)
Macropru 0.004*  -0.005 -0.003"*  -0.003  -0.004™* -0.004™* -0.004"* -0.004*
(0.001)  (0.002)  (0.001) (0.002) (0.001) (0.001) (0.001)  (0.002)
MP**™ x Macropru  0.004  -0.006 0.002  0.023*
(0.012)  (0.026) (0.016)  (0.013)
MPpome -0.006*  -0.002 -0.007**  0.000  -0.003  -0.010  0.002  0.008

(0.002)  (0.005)  (0.002)  (0.003) (0.017)  (0.023)  (0.015)  (0.020)

MP"™ x Macropru  -0.002  -0.000  -0.002  0.000  -0.000  -0.004  0.003  -0.004
(0.001)  (0.006)  (0.002)  (0.005)  (0.007) (0.009) (0.007)  (0.013)

MPYS 0.001 0.097 0.100 0.014
(0.015)  (0.100) (0.074)  (0.149)
MPUE 0.037  -0.032 -0.017  -0.056
(0.019)  (0.033) (0.043)  (0.047)
MPEA 0.030 0.062 0.094* 0.163
(0.031)  (0.047) (0.051)  (0.095)
MPY® x Macropru -0.020  -0.263 -0.095 0.031
(0.021)  (0.130) (0.061)  (0.100)
MPYE x Macropru 0.000 -0.010 0.008 0.038
(0.007)  (0.039) (0.030)  (0.031)
MPP4 x Macropru 0.013 0.033 -0.028*  -0.020
(0.010)  (0.025) (0.016)  (0.032)
N 6125 118 6125 118 1879 799 1879 799
R? 0.252 0.514 0.254 0.566 0.141 0.106 0.144 0.118
Sample All Top 6 All Top 6 All Top 8 All Top 8
Domestic interaction YES YES YES YES YES YES YES YES
Bank FE YES YES YES YES YES YES YES YES
Year FE NO NO NO NO NO NO NO NO
Controls YES YES YES YES YES YES YES YES

Bank-Quarter two-way clustered standard errors in parentheses
*p<0.1,™ p<0.05 *** p<0.01
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Table 6: Effect across different lending categories

Notes: The table reports results of the benchmark regression, with quarterly data for all Norwegian and Swedish banks
and financial institutions belonging to them (on unconsolidated basis). We use the U.S., the U.K. and Euro Area monetary
surprises separately as the measure of foreign monetary policy surprises. The macroprudential policy stance is the two-year
cumulative of the Cerutti et al. (2017) macroprudential policy index. The results hold if we replace the macroprudential policy
to be a one-year cumulative value. The dependent variable is winsorized at 5% and 95%. We include additional controls such as
the domestic interactions between monetary and macroprudential policies, one quarter lagged local macroeconomic conditions
(GDP growth, inflation rate, stock index return, house price growth and VIX), lagged bank-level controls (loan-to-asset ratio,
equity ratio, and liquid assets ratio). We run regression on the sample of all banks but for different categories of loans: lending
to monetary financial institution(MFI), lending to non-financial corporations (NFC) and household (HH) lending. For the
home monetary policy, Sweden use the monetary policy surprises measure, while Norway use the change in 3-month NIBOR
(Norwegian Interbank Offering Rate) as a proxy.

Norway Sweden

(1) (2) (3) (4) (5) (6)
AMFI ANFC AHH AMFI ANFC AHH

MPYS 1.125  0.048  -0.087***  -0.786*  -0.025 -0.048
(0.844) (0.050)  (0.013)  (0.392)  (0.077)  (0.045)
MPUYE -0.054  -0.008 0.050 0.591**  -0.056 0.021
(0.872) (0.028)  (0.035)  (0.269)  (0.039)  (0.030)
MPEA 2.255*  0.050 0.052 0.793* -0.041 0.006
(0.788) (0.051)  (0.051)  (0.445)  (0.029)  (0.049)
Macropru 0.061*  -0.002  -0.004 20.008  -0.004**  -0.003***

(0.020) (0.001)  (0.003)  (0.007)  (0.001)  (0.001)

MPUS x Macropru ~ -1.899  -0.033  -0.048  0.561*  0.049  -0.015
(2.061) (0.071)  (0.026)  (0.329)  (0.078)  (0.042)

MPYE x Macropru  0.322  -0.034  -0.007  -0.344*  0.056*  -0.015
(0.743)  (0.055)  (0.023)  (0.175)  (0.027)  (0.021)

MP®4 x Macropru 0447  0.030  0.013  -0.357"  0.047"**  0.000
(0.550) (0.028) (0.010)  (0.160)  (0.015)  (0.013)

MPpheme 0211  0.007 -0.015** -0.520"*  0.007  0.013
(0.141)  (0.007)  (0.003)  (0.158)  (0.020)  (0.013)

MP"™ s Macropru ~ 0.146  -0.008  -0.003  0.190**  -0.011  -0.009"
(0.089) (0.005)  (0.002)  (0.088)  (0.009)  (0.005)

N 6073 5916 5962 1859 1871 1874
R? 0.063 0.083 0.196 0.019 0.148 0.204
Domestic interaction  YES YES YES YES YES YES
Bank FE YES YES YES YES YES YES
Year FE NO NO NO NO NO NO

Controls YES YES YES YES YES YES

Bank-Quarter two-way clustered standard errors in parentheses
*p <01, p<0.05 *** p<0.01
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5 Exploring country-specific channels

The results of our baseline regressions presented in the previous section highlight the simi-
larities of Norwegian and Swedish banks’ lending response to domestic macroprudential and
monetary policies, but they also point to some relevant differences. In this section, we zoom
into country-specific channels to better understand our baseline results. For Norway, we
focus on how the fact (documented in Cao and Dinger (2018)) that exchange rate dynamics
do not fully offset monetary policy differentials affects the interaction between foreign mon-
etary policy and macroprudential regulation. This channel is not a force for Sweden, since
exchange rates roughly offset interest rate differentials. Therefore, for Sweden, we expect
foreign monetary policy to have a more direct effect on lending. However, the baseline re-
gressions for Sweden provided us with imprecise estimates and/or some mixed evidence on
its direction. In what follows, we thus further document the interaction between monetary
and macroprudential policy via banking groups’ heterogeneous exposure to these policies in

Sweden using more granular and higher frequency data.

5.1 Norway

The positive effect of foreign monetary policy surprise on Norwegian bank lending found
in the previous section suggests that the portfolio channel dominates international bank
lending channel. In this section, we explore how foreign monetary policy surprises translate
into changes in Norwegian banks’ FX funding cost and further affect bank lending.

Banks, as financial intermediaries, provide loans to borrowers via funding themselves,
mainly from depositors and money markets. In a small open advanced economy like Norway;,
banks also obtain funding in foreign currencies from the international money market. They
convert foreign currency funding into domestic currency — subject to the exchange rates
— and provide domestic borrowers with loans denominated in domestic currency. The
difference between the stance of domestic and foreign monetary policy generates interest
rate differentials between domestic (Norwegian) and foreign money markets. If changes in
exchange rates fully neutralize the interest rate differentials (or, interest rate parity holds),
banks would be indifferent between funding domestically and internationally; if not, banks
would have the incentive to arbitrage and seek the funding source with a lower funding cost,
especially when funding cost differentials are persistent.

As suggested by Cao and Dinger (2018), for Norway, the foreign-domestic interest rate
differentials are not fully neutralized by the exchange rate dynamics. Using the differentials
between LIBOR and NIBOR, adjusted by the changes in USD / NOK spot / forward ex-
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change rate, as a measure of the cost advantage of U.S. dollar funding (intrinsically, deviation
of USD / NOK spot / forward exchange rate from what is predicted by uncovered interest
rate parity (UIP) / covered interest rate parity (CIP)), we find that such cost advantage is
persistently high for certain periods. For example, Figure 3 shows that such cost advantage
(measured by deviation of USD / NOK spot exchange rate from UIP) was high for a sub-
stantially long time, such as early 2000s and after 2008. There are several reasons for the
persistent cost advantage. One reason is that Norway is an oil-producing country and the
global oil price largely drives the exchange rate of the Norwegian krone. As a result, the
exchange rate adjustments often do not fully reflect the interest rate differentials. Another
reason is that international investors have regarded Norway as a safe haven country. There-
fore, international investors are often willing to pay a negative premium to hold Norwegian
assets, especially during turbulence times such as the 2007-2009 global financial crisis and
2012 European debt crisis. Cao and Dinger (2018) find that such a cost advantage is incen-
tivizing Norwegian banks to borrow in foreign currencies, and it is a more suitable measure
for international spillovers than the foreign monetary policy surprises. Avdjiev et al. (2019)
also allow for hedging of currency positions and show that CIP deviations can also signal
cost advantage of banks’ FX funding.

Using the cost advantage as a measure for international spillovers, we estimate the fol-

lowing equation that is augmented from the baseline regression:

K K K K
AY,; = oo+ Z ay pMacroprug_y, + Z ag,kMPfZCy + Z ngkMPAZf;e’g" + Z C27kMPth_O,T6
k=0

k=0 k=0 k=0
K K 4
+ Z as M P - Macropru, + Z ’yg,kMPA{f;elgn - Macropru;
k=0 k=0
K
+ Z CS,kMPt]E),Zne - Macropru, + 1 Xp1—1 + BoZi—1 + fo + €y (2)
k=0

in which the cost advantage measure, or, adjusted foreign monetary policy shocks, M P Aforeion,
is the lagged percentage deviation of t — kK NOK / USD spot / forward exchange rate from
what is predicted by UIP / CIP.!° Information criteria AIC (Akaike Information Criterion)
and SC (Schwarz Criterion) suggest the optimal lag K = 1. Further, besides using the

accumulated prudential measures in the baseline regression that involve different prudential

10We do not have information on the currency decomposition of individual bank’s FX liabilities. On
aggregate, USD accounts for slightly more than 50% of banks’ total FX liabilities, and EUR accounts for
about 45%. Our results are robust if we compute MPAfer¢9™ using NOK / EUR exchange rate.
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Figure 3: Advantage in foreign currency funding cost, Norway, measured by deviations from
UIP
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policies, here we also focus on the capital requirement that is a pillar in Norwegian regulatory
framework. Note that a positive foreign monetary policy surprise corresponds to tightening
foreign monetary policy which will correspond (ceteris paribus) to a negative change in the
cost advantage.

If one bank borrows on the spot FX market, then M PAf°¢9" measured by the deviation
of the NOK exchange rate from UIP reflects its cost advantage of its FX funding; in contrast,
if the bank hedges its FX liabilities using FX swaps, then M PAT¢9" measured by the
deviation of NOK exchange rate from CIP — deducting the hedging cost (Du and Schreger
(2016)) — reflects its cost advantage of its FX funding. Unfortunately, the share of hedged
FX liabilities of each bank is not available in our data. Norges Bank’s survey shows that on
aggregate 50-70% of banks’ FX liabilities are hedged, therefore, we measure M PA/o¢9m by
deviations from both UIP and CIP, and results of estimating equation (2) are shown in Table
7. In columns (1)-(3), MPA/re9" is measured by deviations from UIP, while in columns
(4)-(6), M PAJoreian is measured by deviations from CIP.

The results of the estimation of the model are illustrated in Table 7. Columns (1) and (4)

of this Table present the results controlling for the cost advantage in FX funding when esti-
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Table 7: Inward transmission with cost advantage in FX funding (M PA/°r¢9" measured by
deviations from UIP/CIP)

Notes: The table reports results of regression equation (2), with quarterly data for all Norwegian banks and financial
institutions belonging to them (on unconsolidated basis). We use the sum of U.S., U.K. and Euro Area monetary surprises
as the measure of foreign monetary policy surprises. The macroprudential policy stance is the two-year cumulative of the
Cerutti et al. (2017) macroprudential policy index. The results hold if we replace the macroprudential policy to be a one-year
cumulative value. The dependent variable is winsorized at 5% and 95%. We include additional controls such as the domestic
interactions between monetary and macroprudential policies, one quarter lagged local macroeconomic conditions (GDP growth,
inflation rate, stock index return, house price growth and VIX), and lagged bank-level controls (loan-to-asset ratio, equity
ratio, and liquid assets ratio). For the home monetary policy, we use the change in 3-month NIBOR (Norwegian Interbank
Offering Rate) as a proxy. We use two measures for cost advantage in FX funding, MPAforeign. One is percentage deviation
of NOK / USD spot exchange rate from what is predicted by UIP; the other is deviation of NOK / USD forward exchange
rate from what is predicted by CIP, taking transaction cost into account (see Du and Schreger (2016)).

M PAfereign—{JIP deviation M PAfereign—CIP deviation

(1) (2) (3) (4) (5) (6)
A Total A Total A Total A Total A Total A Total

MPp#e™ -0.033 -0.024
(0.020) (0.018)
Macropru -0.004***  -0.003*** -0.003*  -0.003***
(0.000) (0.000) (0.001)  (0.001)
Cap.Req. -0.007*** -0.007**
(0.001) (0.001)
MP*“™ x Macropru 0.017* 0.008
(0.005) (0.013)
MPphome -0.003 -0.002  -0.003**  -0.006™ -0.003**  -0.005**
(0.002) (0.001) (0.001)  (0.002)  (0.001) (0.002)
MP"me « Macropru -0.002 -0.000 -0.005*  -0.004*
(0.001) (0.001) (0.002)  (0.002)
MP"™¢ x Cap.Req. 0.011 0.013**
(0.007) (0.003)
MPA/ereign -0.007* -0.007 -0.009 0.005 0.004 0.008*
(0.003) (0.004) (0.005)  (0.004)  (0.003) (0.003)
MPA/er¢9m » Macropru  0.002 -0.002 0.005 0.001
(0.004) (0.001) (0.004)  (0.002)
MPA7ore9m » Cap.Req. 0.002 -0.010
(0.003) (0.004)
N 5907 6991 6991 6195 7533 7533
R? 0.259 0.241 0.233 0.227 0.225 0.216
Domestic interaction YES YES YES YES YES YES
Bank FE YES YES YES YES YES YES
Year FE NO NO NO NO NO NO
Controls YES YES YES YES YES YES

Bank-Quarter two-way clustered standard errors in2garentheses
*p<0.1,* p<0.05 ** p<0.01



mating the effect of foreign monetary policy surprises. These results suggest that controlling
for the cost advantages substantially modifies our baseline result: Foreign monetary policy
surprises now have the negative sign that is consistent with the existence of an international
bank lending channel. The estimated coefficients are, however, statistically not significant.
That is, controlling for the relative difference between the costs of funding in domestic and
foreign currency, which also depends on exchange rate dynamics, is crucial when evaluating
the international spillovers. The high correlation between the foreign monetary policy sur-
prises and the cost advantages approximated via the UIP deviations results in low statistical
significance of the estimated parameters (and in the case of the costs advantage in a positive
coefficient), so we mostly highlight the results using the CIP deviations which signal a higher
precision of the estimation. To avoid the problem of this correlations in columns (2) and (5),
we drop foreign monetary policy surprises and can still achieve very similar results. This may
imply that the impact of foreign monetary policy surprises is indeed largely captured by the
cost advantages of banks’ FX funding. Further, the cost advantage itself, measured by CIP
deviations, has the expected positive impact on bank lending. Last but not least, we look
at the potentially heterogeneous forms of macroprudential regulation and report in columns
(3) and (6) the results using only the strictness of capital regulation as a macroprudential
tool. This specification again confirms the direction of the impact of domestic monetary
policy and of capital rules but the interaction between capital rules and domestic monetary
policy now suggests that stricter capital rules dampen the sensitivity of lending to domestic
monetary policy.

Overall, in all specifications, domestic macroprudential policy significantly dampens bank
lending, and tightening domestic monetary policy has a negative effect on bank lending. For-
eign monetary policy surprises affect bank lending contingent on the dynamics of exchanges
rates. Moreover, when controlling for foreign cost advantages, we gain sufficient precision to
highlight the interaction between domestic monetary and macroprudential policies. Tighter
macroprudential policies tend to amplify the domestic bank lending channel of monetary
policy while capital requirements tend to dampen this channel.

The impact of FX funding cost advantage is not observed in the Swedish data, see
column (1) of Table A2 in the Appendix A for the results. The reason is, as Figure 1 shows,
that around 45% of loans issued by Swedish banks are denominated in foreign currencies
(compared with around 10% by Norwegian banks), i.e., banks issue these loans without
converting FX funding to SEK; therefore, foreign monetary policy surprises are more likely to
pass through directly and exchange rate adjustments play a less important role. Furthermore,

the series of FX funding cost advantage for Sweden, plotted in Figure A2 in Appendix A,

24



tends to be a random walk with the mean close to zero. For this reason, Swedish banks
are less likely to arbitrage among funding sources so that FX funding cost advantage is less
likely to drive bank lending.

In sum, the results of this subsection suggest that controlling for the cost advantages
which arise for Norwegian banks when they use foreign currency funding substantially
changes the estimated effect of foreign monetary policy surprises. Controlling for these
advantages suggest the existence of some international bank lending channel effects, though

these are generally not statistically significant.

5.2 Sweden

Tables 4, 5, and 6, based on quarterly data for all banks and financial institutions as well
as those belonging to the eight largest Swedish banks, suggest that in Sweden, domestic
macroprudential policies significantly interact with foreign monetary surprises, but the latter
demonstrate their impact on bank lending either through the international portfolio channel
or the bank lending channel, depending on the source of the monetary surprise and the sector
we look at.

In this section, we use more detailed data of higher frequency to further shed light on
the transmission of foreign monetary surprises to Swedish banks’ lending and its interaction
with domestic macroprudential policies. We focus on data for the eight largest banking
groups in Sweden that account for the majority of banks’ assets in Sweden and the lion
share of foreign-denominated assets and liabilities in Swedish financial institutions. Given
the extent of their exposure to foreign currencies, we expect the transmission of foreign
monetary policies to Sweden to occur mostly through these institutions. As we document
in Table 1, the eight largest banks account for almost all foreign-denominated balance sheet
activity of financial institutions in Sweden. Somehow surprisingly, once we zoomed into the
institutions belonging to top eight banking groups in Table 5, none of the coefficients on the
response of lending to foreign monetary surprises was significant. We attribute that missing
significance to the reduced sample size. To identify the model better, in this section, we
use consolidated monthly data and hand-collected data on the individual foreign currency
exposures of the banking groups that allow us to control more directly for their exposure
to monetary policy surprises arising from a particular region. The summary statistics for
the sample used in this section is presented in panel C of Table 3.} Most importantly, in

this subsection, we use not only the balance sheet data at a monthly frequency, but also

1Tn this section, we use “banking group”and “bank”interchangeably.
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monthly foreign monetary surprises, which helps us to identify the ’surprise’ element of
foreign monetary policies better.

Depending on the degree of exposure to a given currency, banks can be diversely affected
by monetary policy surprises arising from a particular area. To explore this possibility, we
specify a new measure of exposure to foreign surprises as a function of the liability weight
in respective foreign currencies. This gives us a natural separation of control and treatment
groups as some of the banks do no operate in a particular region and it puts more weight to
the banks that are more directly exposed to a given monetary surprise. We run a regression
with the actual exposure of each bank multiplied with the monetary surprises from each

region as in equation 3:

K
AYyim = ap+ oaMacroprug + Z(ag,kMPm_kc“"yWeightb,t_l)
k=0
K

+ Z Oég’kMPm_kCtryWBZ.ghtb’t_l - Macropru;
k=0

K K
+ Z 717kMPm,kh°me + Z YoM P, _iome s Macropruy

k=0 k=0
+ BiXom-1 + BoZmr + fo + - (3)

AY}1m 1s the log change of domestic lending by banking group b at month m of year ¢, in
different categories. The Weighty,_1 is the share of a bank’s liabilities in the correspond-
ing currency in the last year (the currency decomposition is only observed at the annual
frequency). The product of the channel weight and the monetary policy surprise is the key
monetary policy spillover measure in the regression. The remaining variables are defined as
in our baseline regressions in Section 4. We set K = 0. We cluster the standard errors at
the bank-month level.

Panel A of Table 8 documents a significant negative impact of the sum of foreign monetary
surprises on domestic lending to the MFIs. That decline in lending is counteracted by
domestic macroprudential policy. A similar result can be found for the euro-area specific
surprises presented in panel B of Table 8, but the effect is weaker, without significance for the
monetary policy surprises. The surprises from the U.K. and the U.S., in turn, have a negative
effect on lending to households, suggesting a functioning international bank lending channel
in this particular lending category. The interaction term of domestic macroprudential policies
and the U.K.- and U.S.-originated monetary surprises is not significant for the household

lending sector. However, we see the significant effect of the policy interactions in other
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Table 8: Monthly policy interaction: weighted effects

Notes: The table reports results of the regression with different currency channels, with monthly data on the largest
8 Swedish banking groups. The four columns correspond to the credit supplies to all Swedish borrowers, Monetary and
Financial Institutions, Non-Financial corporations, and lastly the Households. We use the sum of currency weighted
U.S., U.K. and Euro Area monetary surprises as the measure of foreign monetary policy surprises in panel A, and
separate monetary policy surprises from the EA, the U.K. and the U.S. in panels B, C and D. The Macropruden-
tial policy stance is the two-year cumulative of the Cerutti et al. (2017) macroprudential policy index. The results hold if
we replace the macroprudential policy to be a one-year cumulative value. The dependent variable is winsorized at 5% and 95%.

(1) (2) (3) (4)
ATotal AMFI  ANFC AHH
Panel A: Sum of monetary policy spillovers

MPpsem -0.093 -1.166*  0.084  0.008
(0.127)  (0.598)  (0.090)  (0.062)
Macropru 0.000  -0.005  -0.001  -0.001**

(0.002)  (0.005)  (0.001)  (0.000)
MP**™ x Macropru  0.005  0.947**  0.097  -0.021
(0.060)  (0.249)  (0.072)  (0.014)

Panel B: E.A. monetary policy spillovers

MPe* -0.062 -2.582 0.092 0.097
(0.153)  (1.504)  (0.089)  (0.060)

Macropru -0.000 -0.005 -0.001  -0.001**
(0.002)  (0.004) (0.001)  (0.000)

MP“* x Macropru 0.016 0.959* 0.069  -0.047*

(0.079)  (0.403) (0.062)  (0.009)
Panel C: U.K. monetary policy spillovers

MP“ 0.151**  5.413**  -0.052 -0.134***
(0.012)  (0.627)  (0.090)  (0.037)

Macropru -0.000 -0.005 -0.000 -0.001*
(0.002)  (0.006) (0.001)  (0.000)

MP“* x Macropru -0.178  5.130™*  0.648*** 0.133

(0.097)  (1.017)  (0.042)  (0.071)
Panel D: U.S. monetary policy spillovers

MP* -0.244*  -0.291  0.053  -0.171*
(0.087)  (0.851)  (0.126)  (0.068)
Macropru -0.000  -0.006  -0.001  -0.001**

(0.002)  (0.005)  (0.001)  (0.000)
MP" x Macropru  -2.609*  6.827  -0.305  -0.143
(1.111)  (11.149) (0.548)  (0.267)

Domestic interaction YES YES YES YES

Year FE NO NO NO NO
Bank FE YES YES YES YES
Controls YES YES YES YES

Bankgroup-Month two-way clustered standard errors in parentheses
*p<0.10, ** p < 0.05, *** p < 0.007



sectors. Overall, this table suggests the prevalence of the bank lending channel for the eight
largest banking groups in Sweden, driven mostly by the U.S.-originating monetary surprises.
Results for U.K. indicate also the presence of a portfolio lending channel for some of the
sectors, but these are unlikely to be of great economic importance given that Swedish banks
are mostly exposed to the USD and the EUR.'? Domestic monetary policy surprises, not
reported in the Table 8 due to space limitations, tend to have a negative, albeit mostly
insignificant, impact on bank lending. They significantly decrease lending to households,
though. The interaction between the domestic macroprudential policy and the domestic

monetary policy is mostly insignificant.

6 Conclusion

In this paper, we investigate the interaction between foreign monetary policy surprises and
macroprudential policies in Norway and Sweden. As small open economies, Norway and Swe-
den are affected by monetary policies arising abroad through channels such as trade linkages
and integrated financial markets. This study presents (albeit weak) evidence for the presence
of international bank lending channel, once we properly account for the different mechanisms
in considered countries. Moreover, we show that domestic macroprudential policies tend to
interact with foreign monetary disturbances and mitigate their effects. Nonetheless, while
considered in isolation, a stricter macroprudential stance reduces domestic lending and so
do stricter domestic monetary policies in both Scandinavian countries.

It is important to consider the special structure of the Norwegian and Swedish banking
sectors when we interpret the findings in the paper. At first glance, the banking sectors of
both countries seem similar, with a high banking concentration and largest banks engaged
in foreign currency borrowing and lending. However, the Norwegian banking sector is rela-
tively less concentrated, characterized by a few large, international, commercial banks with
a large number of smaller, regional savings banks that play a crucial role in the regional
economy. Norwegian and Swedish banks indeed both rely much heavily on foreign cur-
rency funding, but Norwegian banks only issue a tiny share of loans denominated in foreign
currencies. Swedish banks, in particular the largest ones, issue more foreign-denominated
loans, but they seem to manage their foreign currency portfolios fairly well, maintaining on

average a low imbalance in net currency positions, which are usually hedged. Despite the

12We run the same regressions with unweighted monetary policy surprises. Most of the results are non-
significant. This stresses the need of using more granular data including the channel variables in regressions
run on a subsample of banks to obtain significant results, even if these banks are the ones most engaged in
foreign-denominated operations. The regression table is available upon request.
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advanced currency management, it is still possible that foreign monetary policy surprises
affect Swedish bank lending due to mismatches in maturities of different contracts. In fact,
we find weak evidence of the international bank lending channel for Sweden, but a significant
role of domestic macroprudenial policies in shielding the economy against decreases in bank
supply associated with foreign monetary surprises. In Norway, domestic monetary policy and
accounting for foreign exchange differentials seem to be more important for understanding
banks’ lending.

In this paper, we rely mostly on aggregate statistics for different lending categories and on
balance sheet data, to study the interaction between monetary policy surprises and macro-
prudential policy stance. We cannot zoom into the distributional effects of various policies
within the lending category. The transmission of monetary and macroprudential policies
operates through different channels and may have diverse impact on specific market seg-
ments. Undoubtedly, some of the channels important for the transmission of monetary and
macroprudential policies to bank lending can only be uncovered with the use of micro-data
on lending. This offers room for future research with contract-level data in Norway and

Sweden.
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A Appendix

Figure Al: Cumulated macroprudential index (Cerutti et al. (2017))
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Table Al: Baseline table: extended

Notes: The table reports results of the benchmark regression, with quarterly data for all Norwegian and Swedish banks
and financial institutions belonging to them (on unconsolidated basis). We use the sum of U.S., UK. and Euro Area
monetary surprises as the measure of foreign monetary policy surprises. The macroprudential policy stance is the two-year
cumulative of the Cerutti et al. (2017) macroprudential policy index. The results hold if we replace the macroprudential
policy to be a one-year cumulative value.The dependent variable is winsorized at 5% and 95%. We include additional controls
such as the domestic interactions between monetary and macroprudential policies, one quarter lagged local macroeconomic
conditions (GDP growth, inflation rate, stock index return, housing price increase and VIX), and lagged bank-level
controls (loan-to-asset ratio, equity ratio, and liquid assets ratio). For the home monetary policy, Sweden use the mone-
tary policy surprises measure, while Norway use the change in 3-month NIBOR (Norwegian Interbank Offering Rate) as a proxy.

Norway Sweden
v oo ® @ G ©
A Total A Total A Total A Total A Total A Total
MPp#em 0.038* 0.037* 0.026* -0.002 0.003 0.040*
(0.013) (0.013) (0.008) (0.024) (0.032)  (0.023)
Macropru -0.003**  -0.004** -0.002  -0.003*** -0.004***  -0.003
(0.001) (0.001) (0.001) (0.001) (0.001)  (0.002)
MP?*“™ x Macropru 0.003 0.004 0.002 -0.003 -0.002  -0.037*
(0.012) (0.012) (0.006) (0.014) (0.016)  (0.017)
MPphome -0.006**  -0.006** 0.003 -0.005 -0.003 -0.026
(0.002) (0.002) (0.002) (0.014) (0.017)  (0.019)
MPhme  Macropru  -0.002 -0.002 0.004 0.002 -0.000 0.017*
(0.001) (0.001) (0.002) (0.006) (0.007)  (0.008)
Equity Ratio -0.047 0.169 0.112  -0.092***  -0.076 -0.085
(0.037) (0.085) (0.064) (0.032) (0.097)  (0.100)
Loan / Asset -0.015 0.011 -0.006 0.018 -0.020 -0.021
(0.008) (0.010) (0.010) (0.018) (0.048)  (0.045)
Liquidity Ratio -0.002 0.019 0.014 0.049* 0.053 0.057
(0.015) (0.015) (0.015) (0.028) (0.063)  (0.062)
GDP -0.014 -0.023 -0.035 -0.002 -0.002 0.002
(0.089) (0.081) (0.023) (0.001) (0.002)  (0.003)
Inflation 0.001 0.001 -0.000 -0.421 -0.465 -0.368
(0.001) (0.001) (0.001) (0.402) (0.434)  (0.418)
House Price 0.147** 0.153** 0.147** 0.131** 0.117* 0.131**
(0.036) (0.037) (0.032) (0.057) (0.062)  (0.057)
Stock Return -0.048***  -0.046™* -0.024***  -0.047 -0.048 0.003
(0.005) (0.005) (0.002) (0.029) (0.031)  (0.040)
VIX -0.001***  -0.001**  -0.000** -0.000 -0.001* 0.001
(0.000) (0.000) (0.000) (0.000) (0.000)  (0.001)
N 6127 6125 6125 1879 1879 1879
R? 0.132 0.252 0.278 0.040 0.141 0.154
Domestic interaction YES YES YES YES YES YES
Bank FE NO YES YES NO YES YES
Year FE NO NO YES NO NO YES

Bank-Quarter two-way clustered standard errors in parentheses

*p< 0.1, p<0.05 " p<0.01



Table A2: Policy interaction: total effects

Notes: The table reports results of the benchmark regression, with quarterly data of 39 Swedish banking
groups between 2000 and 2014 (unconsolidated data). The five columns correspond to the credit supplies
to all Swedish borrowers, Monetary and Financial Institutions, Non-Financial corporations, and lastly
Households. We use the sum of UIP deviations (MPA®*™) of SEK against USD, GBP and Euro as the
measure of foreign monetary policy impacts. The macroprudential policy stance is the two-year cumulative
of the Cerutti et al. (2017) macroprudential policy index. The results hold if we replace the macroprudential
policy to be a one-year cumulative value. The dependent variable is winsorized at 5% and 95%.

(1) (2) (3) (4)
ATotal AMFI ANonFin AHH
MPAs“™ -0.041 -0.336 -0.045** 0.034*
(0.030)  (0.278) (0.020) (0.017)

Macropru -0.004**  -0.006  -0.004**  -0.004***
(0.001)  (0.009)  (0.002)  (0.001)

MPA**™ x Macropru ~ -0.016  0.126  0.000  -0.025***
(0.012)  (0.103)  (0.010)  (0.007)

MP#¢ 0.001 -0.196 -0.007 -0.004
(0.022)  (0.145)  (0.020) (0.011)
MP?*¢ x Macropru 0.004 0.028 0.005 -0.002
(0.009) (0.081)  (0.010) (0.005)
N 1887 1867 1880 1882
R? 0.145 0.019 0.150 0.202
Domestic interaction YES YES YES YES
Bank FE YES YES YES YES
Year FE NO NO NO NO
Controls YES YES YES YES

Bank-Quarter two-way clustered standard errors in parentheses
*p<0.10, ** p < 0.05, *** p < 0.01
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Figure A2: Advantage in foreign currency funding cost, Sweden, 2000-2017
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