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tlements, Centralbahnplatz 2, Basel, CH-4002 Switzerland; Elod.takats@bis.org.
Temesvary: Federal Reserve Board, 1801 K Street, Washington, DC 20006 USA;
Judit.temesvary@frb.gov.

61



62 International Journal of Central Banking March 2019

1. Introduction

Since the financial crisis, many jurisdictions have used macropru-
dential policies, applying prudential tools in order to limit systemic
risk (IMF–FSB–BIS 2016). Yet, evidence on the effectiveness of such
tools remains scarce—in part due to the relative absence of recent
episodes of financial disruptions which would allow for an assessment
of what remains a fairly new set of tools. A notable exception is the
so-called taper tantrum—a large U.S. dollar funding shock in inter-
national financial markets, which developed after Federal Reserve
Board Chairman Ben Bernanke’s indication in mid-2013 that the
Fed would start tapering off its quantitative easing program—which
caused a broad-based but heterogeneous reduction in cross-border
financial flows (Avdjiev and Takáts 2014). As such, this episode is an
ideal testing ground for assessing the role of macroprudential tools
in lending stabilization.

The taper tantrum has raised a series of questions for policy-
makers and researchers alike: Did cross-border bank lending remain
more stable in those borrowers’ host countries which had more
actively applied macroprudential tools beforehand? Was lending
more resilient from those source (lending) banking systems which
had applied more macroprudential tools? Were source or host meas-
ures more effective? Were advanced and emerging markets affected
differently? Which macroprudential tools affected cross-border bank
lending more? Did regulations stabilize lending to banks and non-
bank borrowers alike? Did source lending system and host-country
measures interact?

In this paper, we answer these questions by using a novel data
set. We combine the “stage 1 enhancements” to the Bank for Inter-
national Settlements’ (BIS) international banking statistics with the
International Banking Research Network’s (IBRN) prudential regu-
latory database. Because we are interested in the workings of macro-
prudential tools, we focus on macroprudential elements in the IBRN
database (and not on (micro)prudential measures such as capital
requirements).

In terms of methodology, we employ a difference-in-difference
analysis to compare the growth rate of bilateral cross-border bank
lending right before and immediately after the taper tantrum shock.
More precisely, we assess whether the slowdown in lending growth
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during the taper tantrum was mitigated by the cumulative macro-
prudential measures undertaken in the period leading up to the
tantrum (that is, from the beginning of our sample in 2000:Q1
until 2013:Q1—the quarter just prior to the beginning of the taper
tantrum).

We find broad evidence that macroprudential measures applied
beforehand stabilized cross-border lending flows during the taper
tantrum. Most importantly, macroprudential tools applied in bor-
rowers’ host countries stabilized the growth of cross-border bank
lending inflows significantly. The impact is stronger for lending to
borrowers in advanced economies than for lending to borrowers
in emerging markets. The impact is generally present for lending
to both bank and non-bank borrowers, but the results on lending
to non-bank borrowers are more broadly robust. We do not find
evidence that macroprudential policies applied in source (lending)
banking systems affected the growth of cross-border bank lending
outflows during the tantrum, or that source (lending banking sys-
tem) and host-country macroprudential measures would have signif-
icantly interacted with each other in affecting cross-border lending
flows.

The lending-stabilizing impact of macroprudential tools was not
only statistically but also economically significant. In the overall
sample, an additional macroprudential tightening action over the
2000:Q1–2013:Q1 period attenuated the tantrum effect on cross-
border bank lending by around 1 percentage point. This translates
to a differential tantrum impact on cross-border flows of around
8 percentage points, when we compare host countries at the 90th
versus the 10th percentile of macroprudential regulatory stringency.
For advanced economies, the respective figures are around 2.5 per-
centage points and 13 percentage points. Our findings are robust
to the addition of a range of macroeconomic controls, and to vari-
ations in the construction of macroprudential indexes and lend-
ing flows. The results are also present in most subsets of macro-
prudential tools, though, as expected, are not significant for all
components.

The results are relevant for policymakers: They suggest that
macroprudential tools not only contribute to the stability of the
domestic financial system but also enhance cross-border bank financ-
ing inflows to an economy. Our result confirming the strong and
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significant effects of macroprudential tools applied in host countries
suggests that, though international coordination can play a use-
ful rule, it remains paramount that countries “keep their house
in order.” The significant shock-alleviating role of macropruden-
tial rules in lending to the non-bank sector of emerging markets
may be of particular policy relevance. Importantly, while we do not
find significant evidence that the stabilizing potential depends on
the interaction between source and host macroprudential measures,
this does not necessarily imply that externalities do not exist. For
instance, more-stable host-country financial systems might make the
source (lending) banking systems also more resilient, by providing
stable bank financing demand.

The paper proceeds as follows. In section 2 we link our work to
the growing volume of related literature. In section 3 we describe
our data in detail, and we present the econometric methodology in
section 4. We detail the results in section 5, and discuss the robust-
ness of our findings in section 6. In section 7, we discuss the main
caveats, and we conclude with policy implications in section 8.

2. Related Literature

Our work is at the intersection of macroprudential policies and
spillovers in international financial stability and regulation. The
research on macroprudential policies dates back to Crockett (2000)
and Borio (2003) and is reviewed in detail by Galati and Moessner
(2011), among others. The policy discussion, as recently shown, for
instance, in IMF–FSB–BIS (2016), suggests that macroprudential
policies have an international dimension.

In particular, several research pieces point in the direction that
macroprudential policies could spill over across borders through
the activities of internationally active banks. However, our paper
is the first to look at the stabilizing role of macroprudential policies
during financial stress. This focus sets our paper aside from most
papers in the literature which look at how macroprudential or regula-
tory policies might affect lending under normal financial conditions.
In this line of work, Houston, Lin, and Ma (2012), for instance,
find that regulations can affect international banks’ activities by
transferring funds to less-regulated markets. Ongena, Popov, and
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Udell (2013) find evidence for risk shifting when lending standards
differ across jurisdictions.1 Berrospide et al. (2017) and Temesvary
(2018) find regulatory spillovers into bilateral bank flows to and
from the United States. In addition, Ocampo (2011) studies coun-
tercyclical regulations in developing countries, and Laeven, Rat-
novski, and Tong (2014) examine the importance of bank rules
which address systemic risk. One particular channel of regulatory
spillovers, as Karolyi, Sedunov, and Taboada (2017) show, could
work through financial stability. The presence of this latter channel
raises the possibility that macroprudential policies, which aim to
strengthen financial stability, might also spill over to other countries
via international bank lending. Buch and Goldberg (2016) summa-
rize related cross-country evidence in the framework of the IBRN
network.

The channels of macroprudential spillovers seem in many aspects
analogous to how monetary policy spillovers occur. One channel
is cross-border bank lending (Cetorelli and Goldberg 2012; Forbes
and Warnock 2012; Miranda-Agrippino and Rey 2015); another is
the currency denomination of cross-border bank loans (Ongena,
Schindele, and Vonnak 2014; Alper et al. 2016; Avdjiev, Subelyte,
and Takáts 2016; Avdjiev and Takáts 2016; Takáts and Temesvary
2017).

In terms of data use, Avdjiev et al. (2017), part of the IBRN
research effort discussed in Buch and Goldberg (2016), is the closest
to our work, as they also combine BIS data (though not the stage 1
enhancements) and the IBRN prudential database. However, their
focus is very different from ours. They investigate the continuous
impact of prudential tools on cross-border bank lending over time
(i.e., whether prudential tools enacted in one quarter affect cross-
border bank lending in the following quarter, on average). They
do not focus on, as we do, whether the accumulation of prudential
regulation increases resilience of cross-border bank lending during

1Somewhat similarly, Aiyar et al. (2014) or Forbes, Reinhardt, and Wieladek
(2017) argue that stronger capital regulations might reduce cross-border lending
supply. However, this research differs from ours in that we explicitly exclude pru-
dential regulation from our database (with the exception of robustness checks),
as we explain in detail later.
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financial stress—and how rules adopted in one country affect cross-
border bank lending and potential spillovers in this regard.

In terms of theoretical work, Agenor et al. (2017) provide a model
for how macroprudential policies might spill over internationally.
However, this theoretical model focuses on spillovers into financial
flows during normal times, while we focus on the stability of financial
flows during a period of financial stress.

Finally, our work also builds on research which argues that
national borders and economically relevant decisionmaking units
often diverge, as we also describe in Takáts and Temesvary (2017).
The discussion dates back to Cecchetti, Fender, and McGuire (2010)
and Fender and McGuire (2010), who show that the lending bank’s
nationality tends to be more relevant than its residence in identi-
fying the decisionmaking unit. This argument is further developed
from a policy perspective in Committee on the Global Financial Sys-
tem (2011). Building on these findings, Avdjiev, McCauley, and Shin
(2015) coin the term of the (absence of) triple coincidence in inter-
national finance. This term refers to the phenomenon that national
borders, the conventional units of international economic analysis,
often do not coincide with the economically relevant decisionmak-
ing unit. Following these lessons, we focus on “lending banking sys-
tems” as opposed to “lending countries,” so that we can follow the
decisionmaking unit as precisely as possible.

3. Data Description

3.1 Data on Bilateral Cross-Border Lending Flows

We collect data on bilateral cross-border bank lending flows from
the stage 1 enhancements to the Bank for International Settle-
ment’s international banking statistics (BIS IBS) which is detailed,
for instance, in Avdjiev, McGuire, and Wooldridge (2015). The data
cover around 30 trillion U.S. dollars in total cross-border claims. The
main advantage of using the stage 1 enhancements is that this data
set allows us to link lending banking systems with the host countries
of borrowers, while retaining information on the currency composi-
tion of the lending flows (table 9 in the appendix). Importantly, this
data set uniquely allows us to correctly measure the change in bank
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Figure 1. Changes in Lending Flows: 2013–14

Source: BIS banking statistics.
Note: See online file at http://www.ijcb.org for color version of this figure.

claims between lending banking systems and host countries, without
the confounding impact of currency valuation movements. We select
those source (lending) banking system–host-country pairs for which
the IBRN data set provides detailed prudential regulatory informa-
tion for both the source banking system and the host country. The
bilateral cross-border lending data set is also broken down by target
(counterparty) sector, separately covering claims on host countries’
banking and non-banking (including non-bank financials, such as
insurance) sectors.

Visualization of the cross-border bank lending data offers two
insights. First, the taper tantrum episode constituted a slowdown
in cross-border bank lending flows (figure 1). Flows (measured here
as two-quarter changes in cross-border lending volumes) to both
advanced-economy and emerging market borrowers declined dur-
ing the tantrum, followed by a recovery—mostly driven by flows to
advanced-economy borrowers. Second, a comparison of post-taper-
tantrum cross-border bank lending growth in borrowing countries
characterized by high versus low levels (stringency) of macropru-
dential tools suggests that on average borrower countries with more
accumulated macroprudential tools saw higher cross-border lending
inflows (figure 2).

Given the substantial heterogeneity in the bilateral banking data,
we winsorize the observations at the 5th and 95th percentile, as is
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Figure 2. Average Post-Tantrum Lending Flows

Source: BIS banking statistics.
Note: See online file at http://www.ijcb.org for color version of this figure.

common in the related literature (for instance, Avdjiev and Takáts
2016; Takáts and Temesvary 2017). The reason is that the growth
rate of smaller-volume bilateral lending pairs is very volatile, some-
times amounting to changes of several hundred percentage points.
For instance, small idiosyncratic shocks, such as a new foreign direct
investment (FDI) project, can substantially affect these smaller-scale
relationships.

3.2 Data on Prudential Measures

Our database combines information on country-level macropruden-
tial measures enacted during the period up to the taper tantrum,
with detailed information on bilateral cross-border lending flows
before and after the tantrum. Our data on country-level regula-
tory measures come from the macroprudential database employed by
the 2016 IBRN project, also incorporating the 2013 Global Macro
Prudential Instruments (GMPI) survey (Cerutti et al. 2016; Avd-
jiev et al. 2017; Berrospide et al. 2017; Cerrutti, Claessens, and
Laeven 2017). Table 1 and table 10 (in the appendix) summarize
and describe these indexes.

The IBRN database contains a mix of macroprudential measures
and also standard (micro)prudential minimum capital requirements.
More precisely, while eight out of the nine IBRN categories (sscb res,
sscb cons, sscb oth, concrat, ibex, ltv cap, rr foreign, and rr local)
are clearly macroprudential, the ninth index on capital requirements
(cap req) is less clearly macroprudential, as we explain in more detail
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below. The precise description of the nine indexes is detailed in table
10 in the appendix.2

For our formal analysis, we create a new index of macropruden-
tial tools (which we denote by Pruc6). This Pruc6 index is analogous
to the pre-defined PruC index of the IBRN database, but excludes
changes in capital requirements. More precisely, Pruc6 is a country
index by time t and country c, which is equal to 1 if the sum of eight
distinct macroprudential instruments (sscb res, sscb cons, sscb oth,
concrat, ibex, ltv cap, rr foreign, and rr local) is greater than or
equal to 1, is equal to −1 if the sum of the instruments is less than
or equal to −1, and is 0 otherwise. In other words, our Pruc6 index
is similar to the pre-defined Pruc index, only it excludes the impact
of capital requirements (cap req).

The rationale for excluding the cap req (capital requirements)
index is threefold. First is focus: we hone in on the efficiency of
macroprudential instruments, while capital requirements generally
belong to the category of microprudential instruments rather than
macroprudential ones. Second is policy stance: changes in capital
requirements mostly signal the adoption of the Basel III regime and
thereby international harmonization. Hence, cumulative differences
in country-specific capital indexes are more likely to reflect differ-
ences in prudential regulation at the start rather than at the end of
the observation period. Third is the role of expectations: given that
the adoption of Basel III was anticipated along country-specific time-
lines, the problem of expectations is the strongest for capital require-
ments. Nonetheless, despite these issues, we repeat our analysis for
the pre-defined indexes to check robustness.

While the IBRN database is the most comprehensive and thor-
ough database of country-specific macroprudential instruments,

2In addition, the IBRN database contains three pre-defined indexes. First,
PruC is a country index by time t and country c, which is equal to 1 if the sum
of nine distinct macroprudential instruments (shown in table 10) is greater than
or equal to 1, is equal to −1 if the sum of the instruments is less than or equal
to −1, and is 0 otherwise. Second, PruC2 denotes a country index by time t and
country c, which is equal to 1 if the sum of the nine instruments is greater than
or equal to 1, is equal to −1 if the sum of the instruments is less than or equal
to −1, and is 0 otherwise. In this case, all individual instruments are adjusted
to have maximum and minimum changes of 1 and −1. Third, sscb is the sum
of changes in sector-specific capital buffers across the residential, consumer, and
other sectors.
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Figure 3. Average PruC6 Index in Advanced-Economy
and Emerging Market Borrowers: 2000–14

Source: IBRN prudential regulatory database.
Note: See online file at http://www.ijcb.org for color version of this figure.

there are several issues associated with using this data, which we
address in our analysis. First, there is the possibility of a confound-
ing effect in that stricter macroprudential policy settings may sig-
nal (unobserved) vulnerability. Second, a cross-sectional analytical
concern is that the IBRN macroprudential database does not meas-
ure the absolute level of policy stance at any given time: it shows
cumulative actions taken relative to the start of the panel. Third,
a time-series limitation is that the confounding effect of expecta-
tions complicates the identification of the timing of the regula-
tory spillovers. Fourth, we must consider the issue of asymmetry
in that not all macroprudential actions have the same strength and
effects.

For our analysis, we use a cumulative index that encompasses the
entire available time series starting from 2000:Q1 up until the quar-
ter prior to the beginning of the taper tantrum: 2013:Q1. The use
of macroprudential tools was more active among emerging markets
than among advanced economies, suggesting separate examination
of the two groups of countries (figure 3). Importantly, our use of
cumulative changes mitigates potential problems arising from the
uncertainty of timing (i.e., whether or not the announcement was
expected beforehand).

According to these measures, we see a general tightening of
macroprudential policies across the countries in our sample over
time, as shown in the summary statistics of table 1 as well as
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figure 3 (see also IMF–FSB–BIS 2016). These averages, however,
hide cross-sectional differences—with some countries, for instance,
substantially tightening and others significantly easing their macro-
prudential policy stance during this period.

3.3 Additional Macro Controls

In specifications without host-country fixed effects, controls for
macroeconomic effects on host-country credit demand may be
needed. We run our benchmark regression without any specific
macroeconomic control variables. However, we include such con-
trols, such as the credit-to-GDP gap, credit growth, GDP growth,
current-account-to-GDP ratio, and institutional quality measures in
our extensive robustness checks.

4. Estimation Methodology

We employ a difference-in-difference methodology to compare the
cross-section of bilateral cross-border lending flows before the taper
tantrum with the cross-section immediately following the tantrum,
as a function of ex ante macroprudential measures taken in source
banking systems and host countries. In other words, we investigate
the second derivatives of bank claims: their acceleration or slowdown.

Our main hypothesis is that macroprudential tools in place, irre-
spective of the specific tool, increase the resilience of source bank-
ing systems and borrowers. Hence, macroprudential tools applied in
source (lending) banking systems strengthen lending banks by mak-
ing their operations more prudent, thereby stabilizing the supply of
cross-border lending during times of stress.3 Similarly, macropruden-
tial tools applied in host countries make local bank and non-bank
borrowers more resilient. They do so by directly stabilizing banks’
loan demand (i.e., interbank lending) as banks become more robust
to shocks, and indirectly stabilizing the demand from non-banks (as
the non-bank private sector also becomes more stable by curbing
excessive borrowing).

3For alternative hypotheses on the role of source regulations in shaping cross-
border lending outflows, please see the literature review in section 2.
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Importantly, we do not formulate hypotheses around specific
tools and their impact on cross-border bank lending. That is, we
do not solely focus on direct effects, such as a tool specifically tar-
geting lending denominated in a foreign currency that could improve
international lending during stress. Rather, we are also interested in
indirect effects. For instance, sector-specific capital buffers in real
estate lending, a tool that is applied purely for domestic reasons,
may also improve the resilience of the banking system in such a way
that it is able to lend more to cross-border borrowers as well.

Our main explanatory variable is our index of applied macropru-
dential measures (Pruc6). As described above, we use the cumulative
changes from the beginning of the sample (2000:Q1) up until the
quarter immediately preceding the tantrum (2013:Q1) to proxy for
ex ante bank macroprudential regulatory stringency at the country
level.

In all specifications, Δflows is the change in bilateral flows which
themselves represent the log change of claims. Hence, our depen-
dent variable is a second difference (i.e., change in the growth rate
of claims). We always investigate the change before and after the
taper tantrum. More precisely, we measure the change in claims
from 2012:Q4 to 2013:Q1) compared with the change in claims
after (from 2013:Q2 to 2013:Q3) the tantrum. In our regressions, we
weigh the observations by the size of pre-tantrum (2013:Q1) bilateral
exposures.

The shock-mitigating effects of macroprudential tools are two-
sided: measures taken by both source banking systems and host
countries can affect bank flows’ resilience. The basic difference-in-
difference regressions take the following form:

Δflowsij = β0 + β1source reg indj + β2dem hosti + εij (1)

Δflowsij = γ0 + γ1host reg indi + γ2dem sourcej + νij . (2)

In equation (1), we examine the shock-mitigating effect of source
(lending) banking system macroprudential measures, while control-
ling for changes in the demand for credit at the host-country level
through the use of fixed effects. Similarly, in equation (2) we focus
on the role of host-country macroprudential stringency in mitigat-
ing the tantrum shock on bilateral cross-border bank inflows, while
controlling for the supply side of credit through source fixed effects.
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In equations (1) and (2) we include fixed effects on the lending
or borrowing side, in order to control for unobserved country-level
characteristics. We drop these fixed effects in equation (3) to be able
to investigate regulatory effects on both sides simultaneously:

Δflowsij = δ0 + δ1host reg indi + δ2source reg indj + νij . (3)

In equation (3), we aim to assess the impact of both source- and
host-country-specific macroprudential tools simultaneously.

Next, we also investigate the interaction between source and host
macroprudential measures. Formally, in equation (4) we include a
policy interaction term, and also apply source and host-country fixed
effects:

Δflowsij = θ0 + θ1demhosti + θ2demsourcej

+ θ3host reg indi ∗ source reg indi + νij . (4)

Similar to Khwaja and Mian (2008), this identification approach con-
trols for any potential credit supply (source banking-system-specific)
or demand (host-country-specific) effects simultaneously (Avdjiev
and Takáts 2016). While this formulation identifies the policy inter-
action precisely, it also precludes us from being able to observe the
impact of source and host measures in levels. In all estimations we
cluster the standard errors across the source (lending) banking sys-
tems. For robustness, later we also cluster the standard errors along
host countries.

5. Estimation Results

5.1 Macroprudential Measures Index: Source Banking
Systems vs. Host Countries

We find broad evidence in the full sample that host countries which
had taken macroprudential measures before the taper tantrum, as
captured by our Pruc6 index, indeed had more-stable cross-border
bank lending inflows (table 2). However, we do not find evidence of
a significant regulatory impact of source lending systems on cross-
border lending outflows.
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In more detail, in model 1 of table 2 we begin by estimating
equation (1). In this specification we investigate the impact of macro-
prudential measures taken in the source (lending) jurisdiction, and
use fixed effects to control for potential credit demand shocks at
the host-country level. Model 1 suggests no statistically significant
impact of source regulatory measures.

In contrast, in model 2 we estimate equation (2) and find sig-
nificant effects. Recall that equation (2) examines the impact of
macroprudential measures taken in the host jurisdiction, and uses
fixed effects to control for potential credit supply impacts at the
source level. The significant positive coefficient implies that from
the perspective of a given source banking system, lending flows
to a host country with an additional pre-crisis prudential measure
declined by around 1 percentage point less (or accelerated more)
than lending to borrowers in those host countries which had applied
less macroprudential stringency.

In model 3 we simultaneously estimate the impact of both source
and host macroprudential tools through equation (3). The coef-
ficient estimate on the host-country regulatory index is similar
in magnitude and significance to model 2, and thus confirms the
significant shock-mitigating effect of host-country macroprudential
rules.

We also examine the economic significance of our findings by
comparing lending inflows into a host country with stricter macro-
prudential regulation (at the 90th percentile of the macroprudential
regulation index) with inflows into a host country with less regula-
tion (at the 10th percentile). We find that a more strictly regulated
host country received around 8 percentage points more cross-border
lending inflows than a less-regulated host country. Thus, our results
are also economically significant.

Next, we delineate our sample by sectors: lending to banks (mod-
els 4–6) and to non-banks (models 7–9). The results show roughly
the same picture as the aggregated analysis: macroprudential meas-
ures applied in host countries had a significant stabilizing effect in
both target sectors, though somewhat stronger in lending to non-
banks. These results hold irrespective of whether we control for
credit supply-side effects (models 5 and 8) or include source rules as
well (models 6 and 9).
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5.2 Broader Macroprudential Indexes

We proceed by repeating the previous analysis now using a broad
macroprudential index, the pre-defined overall PruC index, which
also includes capital requirements in addition to the strictly macro-
prudential tools (table 3). The coefficient estimates show the same
qualitative picture as those in table 2: the tantrum-shock-mitigating
effect of host-country macroprudential rules remains significant. This
is not surprising given the extent of the overlap between our index
excluding prudential capital regulation (Pruc6) and the pre-defined
index (PruC). These estimations further suggest that the significant
results we find in models 1–3 are mostly driven by lending inflows
into host countries’ non-bank sectors (models 7–9). We find weaker
interbank results (models 4–6).

In terms of economic significance, a host country with strict pre-
tantrum broad macroprudential rules in place saw around 5 per-
centage point less reduction in its cross-border lending inflows than
a host country with laxer broad macroprudential rules in place. This
implied economic impact is smaller than those in table 2—consistent
with the argument that during this period—i.e., the Basel III adop-
tion phase—differences in capital requirement measures probably
reflected more variation in the initial capital requirements than dif-
ferences in the end-period capital requirements.

5.3 Advanced Economies and Emerging Markets

Next, we divide our sample across the host countries of borrowers,
and reestimate our baseline specifications of table 2 for lending to
borrowers in advanced economies (table 4) and emerging markets
(table 5). These separate estimations reveal three main findings.
First, the main pattern we detected in tables 2 and 3, namely the
significant role of host-country macroprudential measures in stabiliz-
ing cross-border lending flows into hosts’ non-bank sectors, is present
both in lending to advanced economies and in lending to emerging
markets. Second, similar to table 3, the results on interbank lending
become statistically insignificant when we delineate the sample by
borrower type. Third, the coefficient estimates on host macropruden-
tial rules are larger and more statistically significant for borrowers
in advanced economies than in the aggregated sample. As before,
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macroprudential tools applied in source (lending) banking systems
are insignificant for lending flows into both advanced and emerging
host countries.

In more detail, when we examine lending flows into advanced
economies in table 4, the coefficient estimates on the host-country
macroprudential tools are larger than in the aggregated sample.
An additional macroprudential measure applied at the host-country
level mitigated the tantrum shock on lending inflows by around 2.6
percentage points (model 2). In terms of economic significance, an
advanced economy host with strict pre-tantrum regulations (at the
90th percentile) in place saw a notable 13 percentage point higher
lending inflows than a host with laxer macroprudential rules (at the
10th percentile). The results for lending to all sectors (models 1–3)
are clearly driven by our results for lending to non-banks (models
7–9).

Examining the macroprudential effects on lending inflows into
emerging markets in table 5, we find that the impacts are smaller
and generally less statistically significant. The coefficient estimates
on host macroprudential rules hover in the 0.5–0.8 percentage point
range, and remain consistently significant for lending to non-banks
(models 8 and 9).4 The potential of macroprudential policies to make
lending inflows more resilient to the non-bank sector might be partic-
ularly relevant for emerging market policymakers because continued
access to credit to non-banks is crucial for economic stability and
long-term growth.

Consistently, the mitigating effects of host-country rules are eco-
nomically significant for lending to borrowers in emerging markets
as well. The impact amounts to a lending flow difference of around
8 percentage points when we compare cross-border inflows into the
non-bank sectors of emerging market hosts at the 90th versus the
10th percentile of regulatory stringency.

In additional estimations, we also repeat the analysis for
advanced and emerging markets separately using the pre-defined
PruC index (tables 11 and 12). While the advanced-economy results

4Figure 3 suggests that the smaller coefficient estimates may in part be due
to the regularity that emerging market macroprudential rules were on average
stricter during the tantrum episode than those in advanced-economy hosts.
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remain statistically significant (with the exception of interbank lend-
ing), the tantrum effect-mitigating role of macroprudential regula-
tion in emerging host markets loses significance. These additional
regressions suggest that we can observe a similar, but weaker, rela-
tionship between the general pre-defined PruC index and lending
stability than the one with our more focused Pruc6 macroprudential
index.

5.4 Individual Macroprudential Measure Categories

We also check how individual macroprudential tool categories
affected cross-border lending during the taper tantrum (table 6).
Earlier we found evidence for the impact of macroprudential tools
enacted in host countries. Hence, now we focus on the results for indi-
vidual macroprudential tool categories enacted in host countries. In
order to gain a more representative picture, we look across all coun-
try pairs. Similarly, we consider total lending rather than breaking
results into lending to bank and non-bank borrowers. Table 6 shows
the impact of individual macroprudential tool categories one by one.

Three main findings stand out. First, some macroprudential tool
groups seem to be significant even individually. The coefficients are
significant on concentration limits (model 5, concrat) and on loan-
to-value ratio caps (model 7, ltv cap). Notably, the latter suggests
that the robust role of host-country macroprudential rules in sta-
bilizing lending inflows to the non-bank sector may work through
stabilizing non-banks’ credit demand, by increasing the resilience of
these borrowers. The non-bank private sector might become more
resilient, for instance, if macroprudential tools curb excessive bor-
rowing before the shock or, alternatively, they direct funds to more
creditworthy borrowers. In addition, we find a significant role for
changes in local currency reserve requirements (model 9, rr local) in
mitigating the tantrum shock.

Second, the insignificance of most individual macroprudential
tools suggests that it is the compounded effects of various tools
that matters, rather than the application of one “key” tool. This
is consistent with the observation that macroprudential tools aim
to increase the resilience of the financial system or to contain the
buildup of vulnerabilities.
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Third, the capital requirement prudential tool (model 4, cap req)
is also insignificant. This further confirms our reasoning in subsec-
tion 5.2, namely that excluding capital requirements from the main
analysis is reasonable not only based on the definition of macropru-
dential tools but also from an empirical perspective.

The interpretation of these tool-specific results needs to be rather
cautious. Importantly, we do not see our results as ranking macro-
prudential tools by effectiveness for cross-border bank lending stabi-
lization. Overall, our main body of evidence suggests that macropru-
dential tools work together to increase the resilience of the financial
system. Therefore, we take the results of table 6 to generally suggest
that the significant impact of some of the individual tools, as well as
the marked differences across tools, shall serve as solid motivation
for future research on comparing and contrasting the effectiveness
of individual tools.

5.5 Interaction of Source and Host Regulations

In studying the stabilizing roles of source and host macroprudential
rules simultaneously, the question which naturally arises is: how do
these macroprudential policies interact? We address this question in
table 7. Models 1–3 examine all borrower countries, while models
4–6 and models 7–9 delineate the sample by advanced-economy and
emerging market borrowers, respectively. For each sample, we exam-
ine the roles of the levels of source (models 1, 4, and 7) and host
(models 2, 5, and 8) regulations as well as their interactions, employ-
ing one-sided fixed effects to control for unobservable credit shocks.
The application of fixed effects follows and extends the Khwaja and
Mian (2008) type of identification applied on both sides in bilat-
eral lending relationships, as in Avdjiev and Takáts (2016). We then
investigate the interaction of source and host regulatory rules by esti-
mating equation (4)—applying fixed effects both across source (lend-
ing) banking systems and across host countries (models 3, 6, and 9).
By doing so, we isolate the interaction of source and host macropru-
dential measures from any unobservable host-country-specific credit
demand or source (lending) banking-system-specific credit supply
shocks.

Our estimations show no evidence of interactions between source
and host regulatory stringency, including those specifications with
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fixed effects on both the source and host sides. Estimating equation
(4) for all countries (model 3), for borrowers in advanced-economy
hosts (model 6), and in emerging market hosts (model 9) all yield sta-
tistically insignificant coefficients. The results remain insignificant
when we delineate the sample by target sector (bank and non-bank
lending, results available upon request). This suggests that macro-
prudential tools applied in source (lending) banking systems and in
host countries did not significantly strengthen or weaken each other’s
lending shock-mitigating impact during the taper tantrum.

However, the results for the regressions which include the lev-
els of regulatory stringency together with the interaction term con-
firm our earlier results. The significant shock-mitigating impact of
host-country macroprudential regulations is evident even after the
inclusion of the interaction term, while the role of source regulations
remains insignificant (see models 1, 2, 4, 5, 7, and 8). In other words,
our main results are robust to controlling for potential source–host
regulatory interactions.

Of course, this is not the final word on possible interactions asso-
ciated with the application of macroprudential tools. We should be
cautious before dismissing the potential cross-border interaction of
macroprudential tools for three main reasons. First, our method-
ology of two-dimensional fixed effects in a single cross-section is
very demanding of our data. Second, we focus on the taper tantrum
episode alone—such regulatory interaction effects might be observed
during other stress episodes or during “normal” times. Third, our
regressions measure direct interactions, while macroprudential poli-
cies may affect lending behavior indirectly.

6. Robustness Checks

We undertake a number of robustness tests to ensure that our results
hold under various specifications. Most importantly, we add a num-
ber of control variables to confirm that our main results do not
stem from omitted-variables bias (table 8). Specifically, in panel A
of table 8 we first add the pre-tantrum credit-to-GDP gap of source
and host countries to our table 2 specifications. We then include
average credit growth over 2009–12 in panel B; average GDP growth
over 2009–12 in panel C; and the average current-account-to-GDP
ratio over 2009–12 in panel D. In panel E, we add a measure of
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host-country institutional quality: the World Bank’s ease of doing
business index. Among these controls, we find that source credit-to-
GDP gap is positively related to interbank lending flows during the
taper tantrum, as is the source current account balance in lending to
non-banks. We also find that source institutional quality amplified,
while host institutional quality somewhat mitigated the tantrum
shock to cross-border lending flows. In general, the estimates confirm
our benchmark results from table 2: host-country macroprudential
measures seem to stabilize cross-border bank lending inflows, and
this effect is stronger for lending to non-banks than for interbank
lending.

A second potential concern relates to the robustness of our results
to the specific method of how we constructed our main PruC6 regu-
latory index. We show that using the pre-defined PruC index (which
includes capital requirements as well) does not materially affect our
benchmark results (tables 3, 11, and 12). Furthermore, in order to
examine the robustness of our results to variations to the IBRN
database’s particular index construction method, we create a new
index similar to our Pruc6 index with the same eight sub-indexes—
but without constraining the quarterly index value on the {–1, 0,
1} spectrum. Again, the results remain robust and only marginally
weaker (detailed results are available upon request).

Third, we address concerns that the long period (2000–12) over
which our regulatory index accumulates may drive our results. This
long accumulation period might lead to reverse causality (due to
more sustained booms leading to larger accumulation of macropru-
dential tools, for instance) or to increased noise (due to early-2000s
policies becoming less relevant by the time of the taper tantrum, for
instance). To address such concerns related to a long accumulation
period, we define a new PruC7 index which cumulates macropruden-
tial policies only after the financial crisis (starting in 2010:Q1), and
use this measure to reestimate our benchmark estimations. Our main
results remain robust, but again with interbank lending coefficients
losing significance (table 8, panel F).

A fourth concern is that the inclusion of local currency require-
ments among the macroprudential policies in the construction of our
PruC6 index may bias our results. This may be the case since these
local currency reserve requirements may in some instances be used as
a monetary policy tool (in lieu of policy interest rates, particularly
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in emerging markets). When we reconstruct our macroprudential
index without local currency reserve requirements and reestimate
our benchmark specifications (table 8, panel G), we observe coef-
ficient estimates that are closely comparable in significance to our
benchmark table 2 results. This suggests that local currency reserve
requirements are not a key driver of our results—and also further
confirms our benchmark specifications.

A fifth robustness check concerns the currency denomination of
cross-border bank lending flows. More specifically, we examine the
possibility that macroprudential policies had potentially stronger
effects of USD-denominated lending during the taper tantrum. Avd-
jiev and Takáts (2016) show that cross-border bank lending declined
more in bilateral lending relationships with higher USD shares. Fur-
thermore, evidence from Takáts and Temesvary (2017) points to
currency denomination to be a channel of monetary policy transmis-
sion. These results may imply that the taper tantrum, a U.S.-related
financial shock, might affect USD-denominated lending dispropor-
tionately. We redefine our dependent variable to include only USD-
denominated lending flows, and reestimate our benchmark specifica-
tions (table 8, panel H). We find that host-country macroprudential
policies indeed had a larger stabilizing impact on USD-denominated
lending inflows to the non-bank sector than on flows measured across
all currencies. The implication is that host-country macroprudential
measures in place are particularly potent in stabilizing lending flows
in the currency whose issuing country the financial shock originates
from—and this is particularly so for lending to non-banks, the sec-
tor whose uninterrupted credit access is particularly important for
robust real economic activity. This result is thus important from a
policy perspective as well.

Furthermore, the main thrust of the results remains robust even
when we specify a longer crisis window: we reestimate our benchmark
specifications comparing changes in lending flows from two quarters
before with two quarters after the taper tantrum (as opposed to the
one quarter pre- and post-tantrum formulation in the benchmark
specifications). The results are again comparable and we continue
to see a significant stabilizing impact of macroprudential rules on
lending to non-banks, with coefficient estimates similar in magni-
tude to our benchmark results. This finding confirms that the time
window specification is a not a key driver of our results.
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In addition, our benchmark table 2 results remain generally
robust to the following variations on our baseline specifications
(detailed results available upon request):

• clustering standard errors along host countries,
• no clustering of standard errors,
• dropping source (lending) banking systems one by one from

the sample (to ensure that outliers do not drive the results),
• dropping the host countries of borrowers one by one from the

sample (for the same reason as above).

Another feature of our analysis that we examine more closely is the
use of nationality-based banking statistics. In order to provide more
insight into the role of this choice, we reestimate our benchmark
specifications on residence-based data (which links lending countries
to borrowing countries; table 13 in the appendix). We find evidence
that host-country macroprudential tools stabilized total cross-border
lending inflows during the taper tantrum, though the sector-specific
results are weaker. The result is not fully surprising given the sim-
ilarity between the residence- and nationality-based data sets in
most jurisdictions in our sample (apart from financial centers). We
attribute the somewhat weaker results in the residence-based data
mainly to the fact that by construction in the residence-based data
our fixed effects are generally less potent in capturing unobserv-
able differences across lending banking systems. This might in turn
provide for a less clear identification.

Lastly, in order to control for the potential confounding effects
of cross-country differences in monetary policy in our results, we
investigate how the impact of macroprudential policies worked in
an area with uniform monetary policy: within the euro zone. We
run estimations in which we constrain our sample to intra-euro-area
lending, i.e., including only country pairs where both source (lend-
ing) banking systems and host countries of borrowers are located in
the euro area. These intra-euro-area results (table 14 in the appen-
dix) are generally in line with our earlier findings. Though the coef-
ficients remain significant in the overall sample, statistical signifi-
cance declines in the sector-specific delineations, perhaps reflecting
the smaller number of observations and less cross-country variation
in macroprudential rules.5

5Our benchmark results also remain significant in the ex-euro-area sample.
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7. Caveats

There are some caveats which deserve consideration in interpreting
our results. First, we must consider the possibility that changes in
macroprudential tools are endogenous, i.e., they also signal macro-
economic or financial vulnerabilities of either the source (lending)
banking system or the host country of borrowers. This would imply
that one could observe a negative association between the applica-
tion of macroprudential tools and the resilience of cross-border bank
lending. However, this vulnerability signaling effect, to the degree it
exists in the data, would work against the significance of our results,
as it would imply weaker or outright negative coefficient estimates.
Furthermore, the potential existence of such a signaling effect sug-
gests that our results should be seen as a lower bound on the impact
of macroprudential tools.

Second, the IBRN macroprudential database does not contain
information on the stance of individual macroprudential policy tools,
which would allow cross-sectional comparison at a given point in
time. Furthermore, we have no objective measure on how large a
financial shock the taper tantrum constituted. Combined, these fac-
tors make it more difficult to precisely interpret the economic impact
we show. While it is clear that we identify an economically signifi-
cant lending stabilization in the context of the taper tantrum shock,
it is less clear how much stabilization a marginal macroprudential
policy action would yield during other economic shocks.

Third, there are potentially relevant non-linearities in the rela-
tionship between macroprudential stringency and cross-border lend-
ing stabilization. As we examine the circumstances of a particular
identified shock—the taper tantrum—our results do not make pre-
cise predictions about the potential lending effects of other, different
global funding shocks. Therefore, our estimates should be read as
suggesting that macroprudential tools can have a sizable stabilizing
impact during a stress scenario—not as a precise calibration.

Fourth, a potential complication is that the timing of the effective
implementation of tighter macroprudential measures is unknown,
and thereby the effects can be confounded by expectations. Regula-
tory actions are often expected beforehand, and the same is true for
macroprudential measures. Our methodology, choosing a long win-
dow prior to the tantrum episode, largely addresses this concern.
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While our results hold for shorter windows as well, the potential role
of these expectations implies that applying even shorter time win-
dows biases the analysis against finding significant results, because
macroprudential actions in any given short window might have been
expected beforehand.

Finally, we find heterogeneity in the lending-stabilization impact
of macroprudential tools, across host countries (borrowers in
advanced economies versus in emerging markets), counterparties
(bank versus non-bank borrowers), and macroprudential tools.
Hence, our results should be read at most as providing broad sup-
port for the role of macroprudential tools in stabilizing cross-border
bank lending, rather than as assessing specific tools or their effect
on specific countries or sectors.

8. Conclusion

We show that macroprudential tools applied prior to the U.S. taper
tantrum episode helped to stabilize lending during the tantrum.
Most importantly, macroprudential tools enacted in the host coun-
tries of borrowers stabilized cross-border bank lending significantly.
The impacts are stronger for borrowers in advanced economies than
for borrowers in emerging markets, and are also economically sig-
nificant. Although the effect is present in lending to both bank and
non-bank borrowers, the statistical significance of our results for
lending to non-banks is less robust.

The results are relevant for policymakers: they demonstrate that
macroprudential tools not only stabilize the domestic financial sys-
tem directly but also make cross-border bank lending inflows into
host economies more stable. The results which show strong and sig-
nificant effects for macroprudential tools applied in host countries
suggest that, though international coordination can play a useful
role, it is paramount that countries “keep their house in order.”
While we do not find significant evidence for direct policy inter-
actions, this does not imply that externalities do not exist. More
financial stability in one country could indirectly enhance financial
stability elsewhere.

We hope that our results will pave the way for future research—
which, together with our findings, will help us better understand the
international ramifications of macroprudential policies.
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Appendix

Table 9. Characterization of the BIS IBS Stage 1
Enhanced Data

Currency Residence of Nationality of
Breakdown of Data Composition Borrower Lending Bank

Consolidated Data No Yes No
Locational Data

By Residence Yes Yes No
By Nationality Yes No Yes
Stage 1 Data Yes Yes Yes

Table 10. Types of Prudential Indexes

Nine Categories

sscb res Change in sector-specific capital buffer: Real estate credit.
Requires banks to finance a larger fraction of these
exposures with capital.

sscb cons Change in sector-specific capital buffer: Consumer credit.
Requires banks to finance a larger fraction of these
exposures with capital.

sscb oth Change in sector-specific capital buffer: Other sectors.
Requires banks to finance a larger fraction of these
exposures with capital.

cap req Change in capital requirements. Implementation of Basel
capital agreements.

concrat Change in concentration limit. Limits banks’ exposures to
specific borrowers or sectors.

ibex Change in interbank exposure limit. Limits banks’ exposures
to other banks.

ltv cap Change in the loan-to-value ratio cap. Limits on loans to
residential borrowers.

rr foreign Change in reserve requirements on
foreign-currency-denominated accounts.

rr local Change in reserve requirements on
local-currency-denominated accounts.
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