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I. INTRODUCTION 

Macroprudential policy measures taken to promote financial stability in one regulatory 
jurisdiction can have macrofinancial effects on other jurisdictions, transmitted via 
international trade and financial linkages. The globalization of banking has intensified these 
international financial linkages, with global wholesale funding markets and cross-border 
bank lending being potentially powerful conduits for macroprudential policy spillover 
transmission via capital flows. 
 
Macroprudential policy spillovers could be positive or negative. Building resilience in one 
country can reduce the risk of adverse financial spillovers to other jurisdictions, but resilience 
could also be built at the expense of stability in other jurisdictions. As discussed in 
IMF/FSB/BIS (2016), a macroprudential policy tightening measure taken to mitigate a 
domestic credit boom can unintentionally generate credit leakage or reallocation effects or 
both. As argued by Viñals and Nier (2014), these negative externalities from macroprudential 
policy measures can lead to inaction bias relative to the global optimum. If these spillovers 
are significant, then policymakers should consider them when addressing systemic risks. 
 
As the use of macroprudential policy has grown, an empirical literature on the importance of 
cross-border macrofinancial spillovers has emerged, but the existing evidence is mixed. 
Overall, the empirical evidence suggests that the effect of macroprudential policy on cross-
border bank credit is instrument type specific. Indeed, a recent collection of coordinated 
empirical studies documented in Buch and Goldberg (2016) concludes that there is greater 
evidence of cross-border bank credit spillovers from adjustments to liquidity or sectoral 
instruments than to capital instruments. But other empirical studies find partially 
contradictory results and a consensus has yet to be established. 
 
The main contribution of this paper is the use, for the first time, of a range of quantitative 
methods to robustly analyze cross-border macrofinancial spillovers from a variety of 
macroprudential policy measures. These quantitative methods range from nonparametric 
event study analysis, to reduced-form panel regression analysis, to structural model based 
simulation analysis. Using a new database on macroprudential policy measures, our event 
study and panel regression analyses estimate the effects of adjustments to capital, liquidity 
and sectoral macroprudential policy instruments on cross-border bank credit. They also 
distinguish between tightening versus loosening measures, as well as credit leakage versus 
reallocation effects. Our structural model based simulation analysis quantifies bank credit 
and output spillovers from shocks to specific capital and sectoral macroprudential policy 
instruments. 
 
These alternative quantitative methods are complementary. The empirical methods rely on 
weaker identifying restrictions to estimate the statistical significance of specific 
macroprudential policy spillover effects, while the structural method imposes stronger 
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identifying restrictions to estimate the economic significance of complete macroprudential 
policy spillover transmission mechanisms. 
 
In broad agreement with the existing empirical literature, our event study and panel 
regression analyses indicate that macroprudential policy measures targeted at the 
composition of banks’ funding or the indebtedness of specific sectors often have 
statistically significant effects on cross-border bank credit, whereas measures targeted at 
the level or quality of banks’ capital buffers do not. In general, this empirical evidence of 
the existence of cross-border macroprudential policy spillovers is stronger for tightening 
than for loosening measures, and is regionally concentrated. 
 
Broadly consistent with these empirical results, our structural model-based simulation 
analysis indicates that macrofinancial spillovers from sectoral macroprudential policy shocks 
are generally small worldwide, but are regionally concentrated, and are occasionally 
economically significant. This simulation analysis also indicates that adjustments in the 
countercyclical capital buffer have the potential to generate sizeable regional spillovers. 
 
The organization of this paper is as follows. Key concepts are discussed in Section II, while 
the literature on cross-border macroprudential policy spillovers is reviewed in Section III. 
Event study and panel regression analyses of cross-border bank credit spillovers from 
macroprudential policy measures are conducted in Section IV, with a reference to case 
studies presented in Appendix I. A structural model based analysis of macrofinancial 
spillovers from macroprudential policy shocks is conducted in Section V. Finally, Section VI 
concludes. 
 

II. KEY CONCEPTS 

The objective of macroprudential policy is to mitigate systemic risk, which encompasses 
events that if realized could impair the capacity of the financial system to intermediate credit. 
As discussed in IMF (2014a), macroprudential policy aims to reduce the frequency and 
severity of financial crises by mitigating systemic risk. 
 
We define macroprudential policy measures as adjustments to macroprudential policy 
instrument settings, generally in response to systemic risk. In principle, adjustments to any 
macroprudential policy instrument that bind on borrowers or lenders may be expected to 
have domestic macrofinancial effects by altering the size or composition of credit, given 
incompletely offsetting responses by other borrowers or lenders. These domestic 
macrofinancial effects may in turn be transmitted abroad through spillovers—and reverberate 
back to the domestic economy as spillbacks—via combinations of international trade and 
financial linkages. These international financial linkages may be direct, through cross-border 
balance sheet exposures, or indirect in the form of contagion effects. 
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Countries use an array of macroprudential policy instruments to mitigate systemic risk. In 
this paper we classify the macroprudential policy instruments under consideration according 
to their function: (i) capital instruments used to manage the level or quality of banks’ capital 
buffers to safeguard their solvency (time-varying capital requirements, dynamic loan-loss 
provisions, profit distribution restrictions, countercyclical capital buffers); (ii) liquidity 
instruments used to manage the composition of banks’ funding to safeguard their liquidity 
(loan-to-deposit ratio limits, maturity mismatch limits, net open foreign exchange position 
limits, reserve requirements); and (iii) sectoral instruments used to control the indebtedness 
of specific sectors to reduce default risk (loan-to-value ratio limits, debt-service-to-income 
ratio limits, debt-to-income or loan-to-income ratio limits, quantitative loan restrictions).2 As 
discussed in IMF (2014b), these capital and liquidity instruments impose constraints on 
lenders, whereas the sectoral instruments apply to borrowers. 
 
The literature on macroprudential policy spillovers has focused on cross-border bank credit 
effects. These spillover effects may be expected to arise largely from the behavioral 
responses of borrowers or lenders to changes in the financial regulatory environment. They 
include credit leakage and reallocation effects. Cross-border credit leakage effects are 
spillbacks that arise when domestic borrowers substitute their demand for credit from 
domestic lenders to foreign lenders in response to a tightening of domestic macroprudential 
policy, and vice versa for a loosening. In contrast, cross-border credit reallocation effects are 
outward spillovers that arise when domestic lenders switch their supply of credit from 
domestic borrowers to foreign borrowers in response to domestic macroprudential policy 
tightening, and vice versa for a loosening. In what follows, we simply refer to all of these 
cross-border bank credit effects as spillovers. 
 
While this paper focuses on cross-border macroprudential policy spillovers, macroprudential 
policy measures may also generate macrofinancial spillovers within a regulatory jurisdiction, 
by incentivizing the migration of credit intermediation in or out of the relevant regulatory 
perimeter, as discussed in Cizel and others (2016).3 The failure to take macroprudential 
policy measures when warranted may also generate cross-border negative externalities, 
should this result in the realization of systemic risk. However, the quantification of such 
effects is also beyond the scope of this paper. 
 

III. LITERATURE REVIEW 

A burgeoning recent empirical literature on cross-border macroprudential policy spillovers 
reports mixed results. Consistent with the results of our empirical analysis, recent studies find 
that cross-border bank credit spillovers are more likely to arise from adjustments to liquidity 

                                                 
2 In this paper we analyze macrofinancial spillovers from countercyclical capital buffer adjustments only using 
structural analysis, given insufficient historical observations to facilitate empirical analysis. 

3 The empirical analysis of Cizel and others (2016) finds evidence that credit intermediation shifts from banks 
to nonbanks when macroprudential policy tightening measures are imposed on banks. 
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or sectoral instruments than to capital instruments. But other empirical studies find partially 
contradictory results. 
 
Several empirical studies find that international differences in bank regulation in general, or 
in macroprudential policy in particular, are associated with cross-border credit leakage or 
reallocation effects. To examine whether international differences in financial regulation 
affect cross-border bank credit, Houston, Lin and Ma (2012) use a panel data set covering 
301 banks with headquarters across 26 countries over the period 1996 to 2007. They find 
evidence of credit reallocation effects from international differences in financial regulation, 
including with respect to bank capital requirements. To analyze the overall effectiveness of 
macroprudential policy, Cerutti, Claessens and Laeven (2015) use a panel data set covering 
12 instruments for 119 countries over the period 2000 to 2013. They find that 
macroprudential policy tightening is associated with lower domestic credit but higher cross-
border borrowing, indicative of credit leakage effects, particularly in more financially 
developed and open economies. 
 
A recent collection of coordinated empirical studies finds that cross-border bank credit 
spillovers are more likely to arise from adjustments to liquidity or sectoral instruments than 
to capital instruments. Pooling the results of 15 country-specific and 2 international studies 
using panel data sets covering individual banks over the period 2000Q1 to 2014Q4, Buch and 
Goldberg (2016) analyze the effects of a variety of macroprudential policy measures on 
domestic and cross-border bank credit. They find that adjustments to liquidity or sectoral 
instruments are more likely to affect cross-border bank credit than are adjustments to capital 
instruments. The intensity of these generally small effects varies systematically across banks 
according to their balance sheet conditions and business models. 
 
However, other empirical studies find partially contradictory results. For example, Aiyar and 
others (2014) examine whether a rise in minimum capital requirements on United Kingdom 
banks reduces their cross-border lending, using a panel data set covering many individual 
banks and countries over the period 1999Q1 to 2006Q4. They estimate that a one percentage 
point capital requirement increase is associated with a reduction in cross-border bank lending 
growth of 5.5 percentage points, primarily transmitted to foreign banks as opposed to foreign 
borrowers. 
 
Similarly, Akinci and Olmstead-Rumsey (2015) conduct an empirical analysis on the 
effectiveness of macroprudential policy, using a panel data set covering 7 instruments for 57 
countries over the period 2000Q1 to 2013Q4. They find that macroprudential policy 
tightening using capital and sectoral instruments significantly reduces domestic bank credit, 
but not total credit, indicative of credit leakage effects. Moreover, Reinhardt and 
Sowerbutts (2015) analyze whether macroprudential policy measures affect cross-border 
bank credit, using a panel data set covering 37 countries over the period 2005Q1 to 2014Q3. 
They find evidence of credit leakage effects associated with the use of capital instruments, 
mixed evidence for liquidity instruments, and no evidence for sectoral instruments. 
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Theoretical studies of cross-border spillovers from macroprudential policy measures are 
scarce, and more research is needed in this area to better understand the results of empirical 
studies. Based on a conceptual framework for analyzing cross-border macroprudential policy 
spillovers, Fahr and Zochowski (2015) hypothesize that: (i) capital measures can affect the 
provision of cross-border bank credit to households and firms, by incentivizing changes in 
the size or composition of banks’ loan portfolios; (ii) liquidity measures can also affect cross-
border bank credit, by altering interbank lending; and (iii) sectoral measures are less likely to 
affect cross-border bank credit, given limited circumvention opportunities. Within the 
framework of a two-country model of systemic liquidity risk taking, Bengui (2012) analyzes 
the desirability of coordinating financial regulation internationally. His analysis predicts that 
domestic macroprudential policy tightening using liquidity instruments shifts bank funding 
risk abroad. 
 

IV. EMPIRICAL ANALYSIS 

We employ two alternative empirical methods: nonparametric event study analysis and 
reduced-form panel regression analysis. Our event study analysis estimates the impact of 
macroprudential policy measures on domestic versus cross-border bank credit growth, 
relying only on timing and sign restrictions to achieve identification. Our panel regression 
analysis estimates bilateral cross-border bank credit growth spillovers from macroprudential 
policy measures, achieving identification by controlling for other push-pull factors that may 
also drive these capital flows, while using instrumental variables to correct for endogeneity 
bias. 
 

A. Transmission Channels 

Our empirical analysis focuses on both cross-border bank credit leakage and reallocation 
effects of macroprudential policy measures. As depicted in Figure 1, a credit leakage effect 
occurs when a macroprudential policy tightening (loosening) measure, that decreases 
(increases) bank credit in the recipient country, also increases (decreases) borrowing from 
foreign banks—either on a direct cross-border basis or via their domestic branches if the 
latter are exempt from the policy measure. In contrast, a credit reallocation effect arises when 
a macroprudential policy tightening (loosening) measure, that decreases (increases) bank 
credit in the source country, also increases (decreases) cross-border lending to foreign 
borrowers. 
 
An increase in cross-border lending can arise when banks rebalance the international 
composition of their loan portfolios in response to a macroprudential policy tightening 
measure imposed on an unconsolidated basis. But a reduction in cross-border lending can 
also arise when the macroprudential policy tightening measure is applied to banks on a 
consolidated basis. 
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Figure 1. Cross-Border Bank Credit Leakage and Reallocation Effects 

 
   Source: IMF Staff. 

 
B. The Data 

Our panel data set consists of observations on multiple bank credit measures, 
macroprudential policy measure indices, and macrofinancial control variables. It covers 64 
countries over the period 2000Q1 to 2015Q1.4 
 
Bank Credit 

We use domestic bank credit, cross-border bank lending and borrowing, and directional 
bilateral cross-border bank credit data obtained from the International Banking Statistics 
database compiled by the Bank for International Settlements (BIS). Since macroprudential 
policy is generally applied at the national level to domestically regulated banks—generally 
including the subsidiaries but excluding the branches of foreign banks operating 
domestically—we use locational cross-border bank credit data. We focus on bank assets in 
the form of loans, excluding securities and other claims that are not directly subject to the 
macroprudential policy measures under consideration. 
 
The locational banking statistics are based on the residency principle, under which the 
unconsolidated aggregate credit exposures of all banks operating in a regulatory jurisdiction 
are reported, irrespective of the jurisdiction in which the associated banking group is 
                                                 
4 The geographically and economically diverse set of countries consists of Argentina, Australia, Austria, 
Belgium, Brazil, Bulgaria, Canada, Chile, China, Colombia, Croatia, the Czech Republic, Denmark, Estonia, 
Finland, France, Germany, Greece, Hong Kong SAR, Hungary, Iceland, India, Indonesia, Ireland, Israel, Italy, 
Japan, Korea, Kuwait, Latvia, Lebanon, Lithuania, Luxembourg, Malaysia, Malta, Mexico, Mongolia, the 
Netherlands, New Zealand, Nigeria, Norway, Peru, the Philippines, Poland, Portugal, Romania, Russia, Saudi 
Arabia, Serbia, Singapore, the Slovak Republic, Slovenia, South Africa, Spain, Sweden, Switzerland, Thailand, 
Turkey, Ukraine, the United Arab Emirates, the United Kingdom, the United States, Uruguay, and Vietnam. 
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incorporated. This is consistent with balance of payments and external debt data reporting 
principles, and therefore with the definitions of our macroprudential policy measure indices 
and macrofinancial control variables. 
 
Macroprudential Policy 

To facilitate our empirical analysis, we construct a new database on macroprudential policy 
measures, covering those 11 instruments most frequently used over the period 2000Q1 to 
2015Q1. This database is based on the survey conducted by Lim and others (2013), extended 
to incorporate information reported on authorities’ websites, as well as data obtained from 
the Bank for International Settlements and the European Systemic Risk Board.5 
 
For our empirical analysis, we classify the 11 macroprudential policy instruments covered by 
our database both by function and target agent. The functional categories are capital 
instruments (time-varying capital requirements, dynamic loan-loss provisions, profit 
distribution restrictions), liquidity instruments (loan-to-deposit ratio limits, maturity 
mismatch limits, net open foreign exchange position limits, reserve requirements), and 
sectoral instruments (loan-to-value ratio limits, debt-service-to-income ratio limits, debt-to-
income or loan-to-income ratio limits, quantitative loan restrictions). As mentioned earlier, 
the target agents are lenders (capital instruments, liquidity instruments) and borrowers 
(sectoral instruments).6 
 
We aggregate our data on macroprudential policy measures observed for these 11 
instruments into country-specific and time-varying indices. To estimate whether the effects 
of macroprudential policy measures are asymmetric, we differentiate between tightening 
versus loosening measures. Moreover, we disaggregate our total macroprudential policy 
tightening and loosening indices into sub-indices classified by function and target agent. 
 
The indices and sub-indices are all indicator variables, which equal one if at least one 
macroprudential policy instrument in the given category is tightened or loosened at least once 
during the quarter under consideration, and zero otherwise. This aggregation scheme captures 
information regarding the direction, but not the size, of macroprudential policy instrument 
adjustments. This loss of information through aggregation is unavoidable, as different 
instruments have different macrofinancial effects per unit change, as well as different units of 
measurement. 

                                                 
5 There is an ongoing project to merge this database with the IMF’s Global Macroprudential Instruments 
database, to provide more granular coverage of macroprudential policy measures for more countries. 

6 We do not consider capital flow management instruments, such as taxes on current or capital account 
transactions. 
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C. Event Study Analysis 

Our event study analysis examines whether macroprudential policy tightening (loosening) 
measures are associated with both (i) a decrease (increase) in domestic bank credit growth 
and (ii) an increase (decrease) in cross-border bank credit growth. To focus on persistent 
cross-border bank credit spillovers, we require that these sign restrictions be satisfied for at 
least two consecutive quarters on a year-over-year basis. 
 
Methodology 

Let ,
L
i tI


 or ,
R
i tI



 denote an indicator variable that equals one if and only if a positive cross-
border bank credit leakage or reallocation event occurs, respectively in country i  at time t : 
 
 , , ,

, 4 , 4 , 1 4 , 2 4 , 4 , 1 4 , 2{  and },1 if   L d row d row d row
i t i t i t i t i t i t i tI c c c c c c


               
 
 , , ,

, 4 , 4 , 1 4 , 2 4 , 4 , 1 4 , 2{  and 1 i .f }R s row s row s row
i t i t i t i t i t i t i tI c c c c c c



               
 
Here 4 ,i tc  denotes the quarterly year-over-year growth rate of domestic bank credit, ,

4 ,
d row
i tc  

denotes the quarterly year-over-year growth rate of cross-border borrowing from foreign 
banks, and ,

4 ,
s row
i tc  denotes the quarterly year-over-year growth rate of cross-border lending 

by domestic banks. In parallel, let ,
,
L k
i tI
 

 or ,
,
R k
i tI

 

 denote an indicator variable that equals one 
if and only if a positive credit leakage or reallocation event occurs, coincident with a 
macroprudential policy tightening event for instrument type k , respectively in country i  at 
time t : 
 
 ,

, , ,1 if {  and }1 , 1L k L k
i t i t i tI I I
   

    
 
 ,

, , ,1 if {  and }1 . 1R k R k
i t i t i tI I I

   

    
 
Here ,

k
i tI


 denotes an indicator variable that equals one if and only if a macroprudential policy 
tightening event occurs for instrument type k  in country i  at time t . Our panel data set 
covers 64N   countries and 61T   time periods, implying a total of 3,904NT   
observations. 
 
Let Ls



 and Rs


denote the sample proportions of unconditional positive credit leakage and 
reallocation events, respectively: 
 

 
1 1 1

,
1

,

1 1
,   .

N T N T
L R

i t i t

L R
i t i ts s

NT N
I

T
I

  

   

    

 
In parallel, let ,L ks

 

 and ,R ks
 

 denote the sample proportions of positive credit leakage and 
reallocation events, conditional on macroprudential policy tightening events for instrument 
type k , respectively: 
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L k R k
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s s

I I

   

   

 

   

   

 
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We perform a two-sample proportions test of the null hypothesis that the unconditional and 
conditional proportions are equal, versus the one-sided alternative hypothesis that the 
conditional proportion exceeds the unconditional proportion: 
 
 , ,

0 1:   vs :  ,L L k L L L k LH s s H s s
       

   
 
 , ,

0 1:   vs :  .R R k R R R k RH s s H s s
       

   
 
We follow a parallel hypothesis testing procedure for macroprudential policy loosening 
measures, with all signs reversed in the corresponding indicator variable definitions. 
 
Results 

Our event study indicates that macroprudential policy tightening measures using liquidity or 
sectoral instruments are associated with statistically significant credit leakage and 
reallocation effects, as reported in Table 1. Macroprudential policy tightening measures using 
liquidity and sectoral instruments are associated with lower domestic bank credit growth, 
higher growth in cross-border borrowing from foreign banks, and higher growth in domestic 
banks’ cross-border lending to foreign borrowers.7 However, we find little or no evidence of 
credit spillovers from macroprudential policy tightening measures using capital instruments, 
perhaps because some of them are imposed on a consolidated basis. Moreover, we find little 
or no evidence of spillovers from any macroprudential policy loosening measures. 
 

Table 1. Event Shares and Two-Sample Proportion Test Results, Full Sample 

(Percent, 2000Q1-2015Q1) 

 
    Source: IMF staff estimates. 

    Note: Significance at the 1, 5 and 10 percent levels is indicated by red, orange and yellow respectively. 

 
                                                 
7 Reserve requirements—which have been the most frequently used liquidity instrument—apply to the domestic 
liabilities of banks on an unconsolidated basis. 

Cross-border reallocation Cross-border leakage Events

16.4 16.3 3904

All instruments 22.1 21.0 376

Capital 16.5 21.1 133

Liquidity 23.2 21.5 177

Sectoral 26.1 24.4 119

Lenders 20.4 21.1 278

Borrowers 26.1 24.4 117

Cross-border reallocation Cross-border leakage Events
14.7 17.1 3904

All instruments 13.9 16.5 231

Capital 12.1 24.2 33

Liquidity 13.6 15.9 176

Sectoral 19.4 13.9 36

Lenders 13.0 16.5 200

Borrowers 19.4 13.9 36

Unconditional

Conditional on 

macroprudential 

policy loosening

Unconditional

Conditional on 

macroprudential 

policy tightening
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These spillovers from macroprudential policy tightening measures using liquidity or sectoral 
instruments are also economically significant. On average, cross-border bank borrowing or 
lending grew 2 to 4 percentage points faster within two quarters of macroprudential policy 
tightening measures using liquidity or sectoral instruments, as depicted in Figure 2. In 
contrast, cross-border bank borrowing or lending grew 2 to 5 percentage points slower within 
two quarters after macroprudential policy tightening occurred using capital instruments. 
 

Figure 2. Cross-Border Bank Credit Changes after Macroprudential Policy Tightening 

(Median Changes in Quarterly Year-Over-Year Growth Rates) 

 

 

— Cross-border borrowing     — Cross-border lending 

   Sources: BIS International Banking Statistics database and IMF staff calculations. 

 
Robustness 

To check whether the results of our event study are robust to changes in the coverage of our 
panel data set, we repeat our analysis for economically meaningful subsamples. In particular, 
we exclude the Global Financial Crisis (GFC) period of 2008Q1 to 2012Q4, during which 
dramatic deleveraging by global banks concentrated on their cross-border lending may 
confound our statistical inference. We also focus on the Central, Eastern and Southeastern 
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European (CESEE) countries, given their exceptionally high cross-border borrowing from 
foreign banks during the build-up to the GFC.8 
 
Exclusion of the GFC Period 

At the height of the GFC in 2008Q4, there was a spike in the global incidence of 
macroprudential policy loosening measures as systemic risk was realized, as depicted in 
Figure 3. During the recovery from the GFC, the global incidence of macroprudential policy 
tightening measures was elevated, reflecting the more active use of macroprudential policy 
instruments in many countries. 
 

Figure 3. Macroprudential Policy Tightening and Loosening Measures 

    Source: IMF staff calculations. 

 
Repeating our event study analysis excluding the GFC period—which almost halves the 
number of macroprudential policy tightening and loosening events under consideration—
yields broadly consistent results to those obtained based on the full sample. The main 
difference is that there is now evidence of credit leakage effects from macroprudential policy 
loosening measures using capital instruments, associated with higher domestic bank credit 
growth and lower growth in cross-border borrowing from foreign banks at the 1 percent 
level, as reported in Table 2. 
 

                                                 
8 The CESEE countries under consideration are Bulgaria, Croatia, the Czech Republic, Hungary, Poland, 
Romania, and the Slovak Republic. 
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Table 2. Event Shares and Two-Sample Proportion Test Results, Excluding the GFC 

(Percent, 2000Q1-2007Q4 and 2013Q1-2015Q1) 

 
     Source: IMF staff estimates. 
     Note: Significance at the 1, 5 and 10 percent levels is indicated by red, orange and yellow respectively. 

 
Focus on the CESEE Countries 

Focusing on the CESEE countries, we find stronger evidence of credit leakage effects from 
macroprudential policy tightening measures using capital or sectoral instruments than was 
obtained using the full sample. As reported in Table 3, macroprudential policy tightening 
measures using capital and sectoral instruments are associated with lower domestic bank 
credit growth and higher growth in cross-border borrowing from foreign banks at the 
1 percent level. While this evidence of spillovers from sectoral instruments is consistent with 
our full sample results, the evidence for capital and liquidity instruments is not. 
 

Table 3. Event Shares and Two-Sample Proportion Test Results, CESEE Countries 

(Percent, 2000Q1-2015Q1) 

 
            Source: IMF staff estimates. 
            Note: Significance at the 1, 5 and 10 percent levels is indicated by red, orange and yellow respectively. 

Cross-border reallocation Cross-border leakage Events

14.0 12.2 2880
All instruments 21.1 19.1 199

Capital 15.1 12.3 73

Liquidity 22.8 20.7 92

Sectoral 28.1 26.3 57

Lenders 19.2 17.2 151

Borrowers 28.1 26.3 55

Cross-border reallocation Cross-border leakage Events
14.0 16.3 2880

All instruments 13.0 22.6 115

Capital 14.3 42.9 14

Liquidity 11.2 20.2 89

Sectoral 23.5 23.5 17

Lenders 11.2 22.4 98

Borrowers 23.5 23.5 17

Unconditional

Conditional on 

macroprudential 

policy tightening

Unconditional

Conditional on 

macroprudential 

policy loosening

Cross-border leakage Events

17.8 455

All instruments 32.8 58

Capital 41.7 24

Liquidity 23.8 21

Sectoral 40.9 22

Lenders 33.3 42

Borrowers 40.9 22

Cross-border leakage Events

16.3 455

All instruments 26.2 42

Capital 33.3 3

Liquidity 24.3 37

Sectoral 25.0 4

Lenders 25.6 39

Borrowers 25.0 4

Unconditional

Conditional on 

macroprudential 

policy tightening

Unconditional

Conditional on 
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As discussed in our case study on the CESEE countries in Annex I, prior to the GFC, 
macroprudential policy tightening measures were partially circumvented through borrowing 
from foreign banks and domestic nonbanks. For example, as macroprudential policy was 
tightened in Bulgaria and Croatia, borrowing from foreign banks accelerated rapidly. As 
these circumvention tactics became known, the authorities tackled them by widening the 
regulatory perimeter to limit regulatory arbitrage opportunities. Similarly, as discussed in our 
case study on the Baltic countries in Annex I, during the decade prior to the GFC these 
countries experienced credit booms largely financed by capital inflows from Swedish banks. 
These large capital inflows resulted in the accumulation of systemic risk in the Baltic 
countries, and their macroprudential policy tightening responses were ineffective at reducing 
credit growth. 
 
Caveats 

Our event study analysis does not associate changes in domestic versus cross-border bank 
credit growth with factors other than macroprudential policy measures, relying only on 
timing and sign restrictions to identify credit leakage and reallocation effects. To estimate the 
partial effects of macroprudential policy measures on directional bilateral cross-border bank 
credit growth while controlling for a variety of other push-pull factors, we turn to panel 
regression analysis. 
 

D. Panel Regression Analysis 

Our panel regression analysis further examines whether instrument-type specific 
macroprudential policy tightening or loosening measures in recipient (source) countries are 
associated with cross-border bank credit leakage (reallocation) effects. 
 
Specification 

The specification of our panel regression model linking directional bilateral cross-border 
bank credit growth to macroprudential policy measures is motivated by the gravity model of 
international trade. Under the gravity model in Bergstrand (1985) and Deardorff (1998), total 
nominal trade between two countries is directly proportional to their economic sizes—
usually measured by nominal output—and is inversely proportional to their trade distance, 
which often depends on their geographical proximity and trade restrictions. Under our 
adaptation of this gravity model to international finance, bilateral cross-border bank credit 
between two countries is directly proportional to the size of their financial systems—proxied 
by measures of bank credit demand and supply—and is inversely proportional to their 
financial distance, which depends on macroprudential policy tightness among other factors. 
 
There exists empirical evidence supporting applications of the gravity model to international 
finance. Portes and Rey (2005) find that bilateral cross-border equity portfolio investment 
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flows depend on equity market size in the recipient and source countries, as well as on 
financial transaction costs between them. Herrmann and Mihaljek (2010) find that both 
country specific and global factors are statistically significant determinants of bilateral cross-
border bank lending. As discussed in our literature review, Cerutti, Claessens and 
Laeven (2015) analyze cross-border bank credit spillovers from macroprudential policy 
measures within a gravity framework and find evidence of credit leakage effects, as do 
Reinhart and Sowerbutts (2015). 
 
In our adaptation of the gravity model of international trade to bilateral cross-border bank 
credit , ,i j tC  to recipient country i  from source country j , we assume that 
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 

  (1) 

 
where ,

d
i tC  denotes bank credit demand in recipient country i , ,

s
j tC  denotes cross-border bank 

credit supply in source country j , and , ,i j tD  denotes the financial distance between these two 
countries, where all parameters are positive. As specified, bank credit to recipient country i  
from source country j  is directly proportional to domestic bank credit demand, as well as to 
foreign cross-border bank credit supply, and is inversely proportional to financial distance, 
which measures financial transaction costs and restrictions. Applying a logarithmic 
transformation to this assumed gravity relationship yields 
 
 , , 1 , 2 , 3 , , ,d s

i j t i t j t i j tc c c d     (2) 
 
where lower case letters denote the natural logarithms of their uppercase counterparts. 
 
We assume that logarithmic bank credit demand in recipient country i  is increasing in 
logarithmic domestic nominal output ,i ty , is decreasing in the domestic nominal bank lending 
interest rate ,i ti , and is increasing in a logarithmic domestic real house price index ,i tq  
according to linear regression model 
 
 1 2, , , , ,3 ,d

i t i i t i t i t i tc y i q         (3) 
 
where all coefficients are positive, while i  is an intercept and ,i t  is a disturbance term. As 
specified, bank credit demand is increasing in the nominal volume of transactions, proxied by 
nominal output, and is decreasing in the cost of bank credit, as captured by the nominal bank 
lending interest rate, adjusted for a financial accelerator mechanism dependent on a real 
house price index, an increase in which loosens collateral constraints and raises leverage. 
 
Furthermore, we assume that logarithmic cross-border bank credit supply in source country 
j  is decreasing in logarithmic domestic bank credit demand according to linear regression 

model 
 
 , 1 , , ,s d

j t j j t j tc c      (4) 
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where all coefficients are positive, while j  is an intercept and ,j t  is a disturbance term. 
Under this specification, domestic borrowing partially crowds out cross-border lending by 
domestic banks. 
 
Finally, we assume that the logarithmic financial distance between recipient country i  and 
source country j  depends on time invariant factors such as their geographical proximity, as 
well as on time varying factors proxied by a variety of indices, according to linear regression 
model 
 

 / /
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 (5) 

 
where all coefficients are positive, while ,i j  is an intercept and , ,i j t  is a disturbance term. 
As specified, financial distance is decreasing in indices of financial market development 

/ ,i j tFMD , increasing in indices of capital flow restriction intensity / ,i j tCFR , and decreasing in 
indices of exchange rate flexibility / ,i j tFXR . Financial distance is also increasing in indices of 
financial stress, constructed by cumulating a financial crisis indicator variable / ,

FC
i j tI  that 

equals one if the country is experiencing a financial crisis and zero otherwise.9 
 
We are agnostic as to whether financial distance is increasing or decreasing in indices of 
macroprudential policy tightness—constructed by cumulating our instrument type-specific 
macroprudential policy tightening or loosening measure index 

/

/ ,
k
i j tI
 

. In fact, estimating the 
sign and statistical significance of the coefficients of our macroprudential policy tightness 
indices is the focus of our empirical analysis. 
 
Substituting cross-border bank credit supply function (4) and financial distance function (5) 
into gravity model (2), and applying the ordinary difference operator   to obtain a 
specification for the growth rate of directional bilateral cross-border bank credit , ,i j tc , yields 
reduced-form panel linear regression model 
 

 
/ /
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          
 (6) 

 
where ,i j  is a pairwise fixed effect and t  is a time fixed effect, while , ,i j t  is an error term. 
Our underlying theoretical framework implies parameter restrictions , 0i j  , 0t  , 

1 1  , 2 2 1    , 3 3 1   , 4 3 2   , 5 3 3    , 6 3 4    , 7 3 5   , 8 3 6   , 

                                                 
9 The financial market development index is from Sahay and others (2015), with higher values indicating 
greater development. The capital flow restriction intensity index is from Fernández and others (2015), with 
higher values indicating greater restrictions. The exchange rate flexibility index is based on the de facto 
exchange rate regime classification in the IMF’s Annual Report on Exchange Arrangements and Exchange 
Restrictions, with higher values indicating greater flexibility. The financial crisis indicator variable signals a 
banking, currency or sovereign debt crisis, based on Laeven and Valencia (2012). 
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9 3 7    , 10 3 8    , 11 3 9     and 12 3 10    , as well as error structure 

, , 2 , 3 , ,i j t j t i j t       . 
 
Estimation 

We estimate panel regression model (6) by instrumental variables, based on our dataset 
covering 64 countries, converted to the annual frequency over the period 2000 to 2014. The 
dependent variable is the growth rate of directional bilateral cross-border bank credit, 
winsorized at the 5 percent level to remove outliers. All panel regression variable definitions 
and estimation results are reported in Tables 7 through 10 in Appendix II. 
 
The specification of our panel regression model and the selection of instruments is guided by 
a variety of tests. We examine whether our explanatory variables are exogenous using the 
test due to Davidson and MacKinnon (1993). All of our explanatory variables robustly pass 
this exogeneity test, except for domestic bank credit growth in the source and recipient 
countries. We therefore correct for endogeneity bias in estimation using the growth rate of 
nominal output, the change in the nominal bank lending interest rate, and the growth rate of a 
real house price index in the recipient and source countries as instruments. In addition, we 
confirm that the latter variables are valid instruments—correlated with the endogenous 
explanatory variables and orthogonal to the error term—using the underidentification test of 
Kleibergen and Paap (2006) and the overidentification test associated with Hansen (1982). 
 
Furthermore, we examine whether pairwise and time fixed effects are needed using 
likelihood ratio tests. We find that replacing the pairwise fixed effects with source and 
recipient country fixed effects results in a statistically significant deterioration in empirical 
fit, as does omitting time fixed effects. Finally, we examine whether a dynamic model 
specification is needed to account for persistence, despite using annual data. We find that a 
dynamic model specification does not pass the overidentification test for any reasonable lag 
order and therefore favor a static model specification. 
 
The estimated coefficients of the macrofinancial control variables in our panel regression 
model support or are not inconsistent with our gravity model of directional bilateral cross-
border bank credit growth. We find strong evidence that higher domestic credit growth in 
recipient countries is associated with higher growth in cross-border borrowing from foreign 
banks. In addition, we find strong evidence that greater exchange rate flexibility in recipient 
countries is associated with higher growth in cross-border borrowing from foreign banks. In 
parallel, we find weak evidence that greater exchange rate flexibility in source countries is 
associated with higher growth in cross-border bank lending to foreign borrowers. Finally, we 
find strong evidence that financial crises in recipient countries are associated with lower 
growth in cross-border borrowing from foreign banks.10 
 
                                                 
10 Other coefficient estimates are statistically insignificant. 
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Inference 

Hypothesis tests within the framework of our estimated panel regression model indicate the 
existence of cross-border bank credit spillovers from macroprudential policy tightening and 
loosening measures using liquidity and sectoral instruments. Table 4 shows strong evidence 
of credit leakage effects from macroprudential policy tightening measures in recipient 
countries using liquidity instruments, associated with higher growth in cross-border 
borrowing from foreign banks at the 1 percent level. Moreover, we find moderate evidence of 
credit reallocation effects from tightening of sectoral instruments in source countries, 
associated with higher growth in cross-border lending by domestic banks to foreign 
borrowers at the 5 percent level. We also find moderate evidence of credit reallocation 
effects from macroprudential policy loosening measures in source countries using liquidity 
and sectoral instruments, with lower growth in domestic bank lending to foreign borrowers. 
However, we find little or no evidence of credit leakage or reallocation effects from 
macroprudential policy tightening or loosening measures using capital instruments. 
 

Table 4. Hypothesis Test Results, Baseline Model Specification 

 
         Source: IMF staff estimates. 
        Note: Significance at the 1, 5 and 10 percent levels is indicated by red, orange and yellow respectively. 

 
Robustness 

We check whether our statistical inference is robust to economically relevant changes in the 
coverage of our panel data set and the specification of our panel regression model. We 
estimate our baseline model specification using a European country subsample and repeat our 
hypothesis tests to determine if cross-border bank credit spillovers are regionally 
concentrated. We also estimate an interactive model specification, in which cross-border 
bank credit spillovers from macroprudential policy measures depend on capital account 
openness, and examine related hypotheses. 
 

Cross-border reallocation Cross-border leakage

All instruments

Capital

Liquidity +

Sectoral +

Lenders +

Borrowers +

All instruments -

Capital

Liquidity -

Sectoral -

Lenders -

Borrowers -

Macroprudential 

policy tightening

Macroprudential 

policy loosening
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European Country Subsample 

Results using the European country subsample are broadly consistent with those obtained 
using the full sample. As reported in Table 5, we still find strong evidence of credit leakage 
effects from macroprudential policy tightening measures in recipient countries using liquidity 
instruments. Furthermore, we still find moderate evidence of credit reallocation effects from 
macroprudential policy tightening measures in source countries using sectoral instruments. 
However, we now find weak evidence of credit leakage effects from macroprudential policy 
tightening measures in recipient countries using sectoral instruments. We also find moderate 
evidence of credit reallocation effects from macroprudential policy tightening measures in 
source countries using liquidity instruments. Finally, we still find little or no evidence of 
credit leakage or reallocation effects from macroprudential policy tightening measures in 
recipient or source countries using capital instruments. 
 
The estimated size of spillovers in the European country subsample is larger than for the full 
sample. Indeed, our estimated credit leakage and reallocation effects from macroprudential 
policy tightening measures using liquidity and sectoral instruments are about 50 and 
100 percent larger, respectively. This comparison of the economic as opposed to statistical 
significance of the estimated coefficient on our macroprudential tightening measures 
indicates that credit spillovers from macroprudential policy measures are regionally 
concentrated. This result may reflect the high degree of harmonization in monetary policy, 
bank regulation, and legal frameworks in Europe. 
 

Table 5. Hypothesis Test Results, Full versus European Country Sample 

 
Source: IMF staff estimates. 
Note: Significance at the 1, 5 and 10 percent levels is indicated by red, orange and yellow respectively. 

 
Interactive Model Specification 

Under our interactive panel regression model specification, we interact our macroprudential 
policy tightening and loosening indices linearly with capital flow restriction intensity indices 
in the recipient and source countries. Intuitively, if cross-border bank credit leakage or 
reallocation effects exist, then they should be stronger for recipient or source countries with 
more open capital accounts. 
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As reported in Table 6, we find strong evidence that credit leakage effects from 
macroprudential policy tightening measures using liquidity instruments are larger in recipient 
countries with more open capital accounts. In addition, we find weak evidence that credit 
reallocation effects from macroprudential policy tightening measures using sectoral 
instruments are larger in source countries with more open capital accounts. Furthermore, we 
find strong evidence that credit reallocation effects from macroprudential policy loosening 
measures using sectoral instruments are larger in source countries with more open capital 
accounts. Finally, we find little or no evidence that credit leakage or reallocation effects from 
macroprudential policy tightening or loosening measures using capital instruments are larger 
in recipient or source countries with more open capital accounts. 
 

Table 6. Hypothesis Test Results, Interactive Model Specification 

 
          Source: IMF staff estimates. 
          Note: Significance at the 1, 5 and 10 percent levels is indicated by red, orange and yellow respectively. 

 
Caveats 

The proportion of variation in directional bilateral cross-border bank credit growth explained 
by our estimated baseline panel regression model is low, with 2R  values of about 0.025 for 
the full sample and 0.050 for the European country subsample. Nevertheless, many of the 
coefficient estimates are statistically significant, including several of those related to the 
hypotheses under consideration. 
 

V. STRUCTURAL ANALYSIS 

We use an estimated dynamic stochastic general equilibrium (DSGE) model of the world 
economy to analyze cross-border macrofinancial spillovers from specific capital and sectoral 
macroprudential policy measures. Unlike our empirical analysis, this structural model-based 
simulation analysis estimates the economic significance of complete macroprudential policy 
spillover transmission mechanisms. However, it cannot distinguish between partial 
equilibrium credit leakage versus reallocation effects. In general equilibrium, only the net 
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effect on bank credit of the behavioral responses of borrowers and lenders to a change in the 
financial regulatory environment is observed. 
 

A. Transmission Channels 

Our structural analysis is based on the Global Macrofinancial Model (GFM) documented in 
Vitek (2017). This estimated New Keynesian DSGE model covers 40 countries and features 
a range of nominal and real rigidities, extensive macrofinancial linkages with both bank and 
capital market based financial intermediation, and diverse spillover transmission channels.11 
 
In the GFM, macrofinancial spillovers from macroprudential policy measures are transmitted 
from source to recipient countries via international trade, financial, and commodity price 
linkages: 
 
 International trade linkages transmit private domestic demand and exchange rate shifts, 

induced by macroprudential policy measures in source countries, to recipient countries 
via export exposures. 

 International financial linkages encompass cross-border bank lending, nonfinancial 
private sector borrowing, portfolio debt and equity exposures, and contagion effects. The 
most important international financial linkages for macroprudential policy spillover 
transmission are: (i) cross-border nonfinancial private sector borrowing exposures for 
measures imposed on banks; and (ii) cross-border bank lending exposures for measures 
imposed on firms.12 

 Commodity price linkages matter only when source countries are large enough to 
significantly alter world energy and nonenergy commodity prices, affecting recipient 
countries via terms of trade shifts. 

Observed bilateral bank lending and nonfinancial private sector borrowing exposures are 
generally small, relative to total bank lending and nonfinancial private sector borrowing. 
Therefore, they constitute narrow conduits for macrofinancial spillover transmission from 
foreign macroprudential policy measures. As depicted in Figure 4, they average only 0.2 and 
0.4 percent across the 1560 directed country pairs covered by the GFM, respectively. 
 
Despite this sparseness, there are many large bilateral bank lending and nonfinancial private 
sector borrowing exposures within the global banking network, with 1.1 and 1.3 percent of 

                                                 
11 The countries covered by the GFM are Argentina, Australia, Austria, Belgium, Brazil, Canada, Chile, China, 
Colombia, the Czech Republic, Denmark, Finland, France, Germany, Greece, India, Indonesia, Ireland, Israel, 
Italy, Japan, Korea, Malaysia, Mexico, the Netherlands, New Zealand, Norway, the Philippines, Poland, 
Portugal, Russia, Saudi Arabia, South Africa, Spain, Sweden, Switzerland, Thailand, Turkey, the United 
Kingdom, and the United States. 

12 In the GFM, banks issue mortgage loans domestically, but issue corporate loans both domestically and cross-
border, denominated in domestic currency. 
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them exceeding 5 percent, respectively. These large exposures have the potential to transmit 
large macrofinancial spillovers from macroprudential policy measures in some countries to 
others. 
 

Figure 4. Bilateral Bank Lending and Nonfinancial Private Sector Borrowing Exposures 

Source: IMF staff calculations. 
Note: Derived from cross-border bank loans to the nonfinancial private sector, as reported by the BIS International Banking 
Statistics database on a consolidated ultimate risk basis for end-2014. 

 
The application of cluster analysis reveals that bilateral bank lending and nonfinancial private 
sector borrowing exposures tend to be regionally concentrated, reflecting relationship 
banking. As depicted in Figure 5, on the lending side, the banking systems of the United 
Kingdom and United States have high network centrality, while those of France, Spain and 
Sweden are gatekeepers for regional networks. On the borrowing side, the nonfinancial 
private sectors of Austria, Belgium, France, Spain and Sweden all have multiple strong 
regional network connections. 
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Figure 5. Cluster Analysis of Bilateral Lending and Borrowing Networks 

Cross-Border Bank Lending to Nonfinancial Private Sector Cross-Border Nonfinancial Private Sector Borrowing from Banks 

Source: IMF staff calculations. 

 
B. Simulation Results 

We quantify macrofinancial spillovers to recipient countries from unsystematic 
macroprudential policy measures in source countries with impulse responses to 
macroprudential policy shocks, identified as deviations from macroprudential policy rules.13 
We allow monetary policy to respond endogenously to these macroprudential policy shocks. 
But we do not consider coordinated monetary and macroprudential policy measures to 
promote financial stability, which would have larger domestic macrofinancial effects and 
could generate larger spillovers. 
 
We estimate macrofinancial spillovers with output and credit spillover coefficients, defined 
as the ratio of the peak impulse response of output or bank credit in the recipient country to 
that in the source country. For each of the macroprudential policy instruments, we explain the 
domestic and foreign macroprudential policy transmission mechanism operating in the GFM, 
with reference to the directed country pair example associated with the largest estimated 
output spillover. We then discuss our macrofinancial spillover estimation results for the 1560 
directed country pairs under consideration. 
 
Countercyclical Capital Buffer 

In the GFM, the regulatory bank capital ratio requirement applicable to lending by domestic 
banks follows a countercyclical capital buffer (CCB) rule that responds inertially to bank 
credit growth, as well as to house and equity price growth. The CCB applies to the total 

                                                 
13 Systematic macroprudential policy responses to variation in systemic risk indicators as prescribed by 
macroprudential policy rules would also be expected to generate macrofinancial spillovers, which will vary 
depending on the underlying source of variation in systemic risk. 
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credit exposures of banks, consisting of domestic mortgage and corporate loan exposures, as 
well as foreign corporate loan exposures. This geographical coverage differs from the Basel 
Committee on Banking Supervision guidance that the CCB only apply to domestic credit 
exposures, which could reduce macrofinancial spillovers. A CCB shock is identified as a 
deviation from this CCB rule. 
 
To explain macrofinancial spillovers from CCB adjustments, we consider the case of Sweden 
and Finland. As illustrated in Figure 6, an increase of the CCB by one percentage point in 
Sweden widens the spreads of the nominal mortgage and corporate loan rates over the 
nominal money market interest rate persistently, gradually raising the bank capital ratio to 
satisfy the higher regulatory requirement through the accumulation of retained earnings. This 
induces a persistent hump-shaped residential and business investment driven output 
contraction in Sweden, accompanied by a persistent hump-shaped inflation reduction and 
unemployment rate increase, reducing bank credit by up to 0.14 percent. The central bank 
cuts the nominal policy interest rate to raise inflation towards target and output towards 
potential—which falls due to physical capital decumulation—depreciating the currency in 
nominal and real effective terms. The fiscal balance deteriorates due to the fall in nominal 
output, while the current account balance improves despite a deterioration in the terms of 
trade due to import compression. 
 
Given this CCB increase in Sweden, the nominal effective corporate loan rate rises almost as 
much in Finland, reflecting the high dependence of its nonfinancial private sector on Swedish 
bank loans. This induces an output contraction in Finland, accompanied by an inflation 
reduction and unemployment rate increase, reducing bank credit by up to 0.10 percent. This 
output loss from negative financial spillovers is amplified by negative trade spillovers, in the 
form of lower exports to Sweden. The fiscal balance deteriorates due to the fall in nominal 
output, while the current account balance improves due to import compression. The implied 
output and credit spillover coefficients are 0.99 and 0.67, respectively. 
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Figure 6. Impulse Responses to a Unit CCB Increase 

Source: IMF staff estimates. 
Note: Depicts impulse responses for Sweden ■ and Finland ■ to a CCB shock in Sweden which raises its CCB by one 
percentage point. All variables are annualized, where applicable. 

 
We estimate that macrofinancial spillovers from CCB adjustments are generally small 
worldwide in our sample, but are large for some country pairs. Indeed, as depicted in 
Figure 7, our estimated output spillover coefficients average only 0.008 across the 1560 
directed country pairs under consideration, while our credit spillover coefficients average 
only 0.011. But there are many large estimated macrofinancial spillovers, with 5.3 percent of 
our output and 4.9 percent of our credit spillover coefficients exceeding 0.05. These large 
macrofinancial spillovers tend to be regionally concentrated, reflecting their strong 
dependence on bilateral export and nonfinancial private sector borrowing exposures. Indeed, 
the correlations of our estimated output and credit spillover coefficients with bilateral export 
exposures are 0.56 and 0.36, while those with bilateral nonfinancial private sector borrowing 
exposures are 0.66 and 0.79, respectively. 
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Figure 7. Macrofinancial Spillovers from CCB Adjustments 

Source: IMF staff estimates. 
Note: Depicts estimated output and credit spillover coefficients for all recipient countries with respect to selected source 
countries. 

 
Our finding that macroeconomic spillovers from CCB increases are generally small 
worldwide is consistent with unpublished structural model based simulation analysis by the 
European Central Bank (ECB). Using a New Keynesian DSGE model of the Euro Area, they 
estimate that a 2.5 percentage point increase in the CCB in one member country generates 
peak output losses of 0.00 to 0.09 percent in other member countries. 
 
Mortgage Loan-to-Value Limit 

The regulatory mortgage loan-to-value ratio limit (MLTVL), applicable to borrowing by 
domestic developers from domestic banks, follows a rule in the GFM that responds inertially 
to mortgage debt growth and house price growth. 
 
To illustrate spillovers from MLTVL adjustments, we consider the case of Germany and the 
Czech Republic. As depicted in Figure 8, a reduction of the MLTVL by one percentage point 
in Germany decreases mortgage debt persistently in response to the tightening of this binding 
quantitative restriction, reducing bank credit by up to 0.53 percent. This induces an output 
decline in Germany, accompanied by an inflation reduction and unemployment rate increase. 
The ECB cuts the nominal policy interest rate to raise inflation towards target and output 
towards potential in the monetary union, depreciating the currency in nominal and real 
effective terms. The fiscal balance deteriorates due to the fall in nominal output, while the 
current account balance improves despite a deterioration in the terms of trade due to import 
compression. 
 
This MLTVL reduction in Germany induces a persistent output contraction of at most 
0.05 percent in the Czech Republic, accompanied by an inflation reduction and 
unemployment rate increase. The central bank cuts the nominal policy interest rate to raise 
inflation towards target and output towards potential—by more than in Germany given its 
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greater monetary policy autonomy—depreciating the currency in nominal and real effective 
terms. The fiscal balance deteriorates due to the fall in nominal output, while the current 
account balance deteriorates reflecting lower exports to Germany. The implied output 
spillover coefficient is 0.37. 
 

Figure 8. Impulse Responses to a Unit MLTVL Reduction 

Source: IMF staff estimates. 
Note: Depicts impulse responses for Germany ■ and the Czech Republic ■ to a MLTVL shock in Germany which reduces 
its MLTVL by one percentage point. All variables are annualized, where applicable. 

 
As for the CCB, macrofinancial spillovers from MLTVL adjustments are generally small 
worldwide, but are large for some country pairs with strong linkages. As illustrated in 
Figure 9, our estimated output spillover coefficients average only 0.015, while our credit 
spillover coefficients average only 0.001. But there are some large estimated macroeconomic 
spillovers, with 6.8 percent of our output spillover coefficients exceeding 0.05. These large 
macroeconomic spillovers tend to be regionally concentrated, reflecting a high correlation 
between our estimated output spillover coefficients and bilateral export exposures of 0.91. 
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Figure 9. Macrofinancial Spillovers from MLTVL Adjustments 

Source: IMF staff estimates. 
Note: Depicts estimated output and credit spillover coefficients for all recipient countries with respect to selected source 
countries. 

 
Corporate Loan-to-Value Limit 

The regulatory corporate loan-to-value ratio limit (CLTVL), applicable to borrowing by 
domestic firms from domestic and foreign banks, follows a rule in the GFM that responds 
inertially to nonfinancial corporate debt growth and equity price growth. 
 
We consider the hypothetical case of the United States and Mexico to illustrate spillovers 
from CLTVL changes.14 As depicted in Figure 10, in response to a one percentage point 
CLTVL reduction in the United States, nonfinancial corporate debt persistently decreases in 
response to the tightening of this binding quantitative restriction, reducing bank credit by up 
to 0.73 percent. This induces an output contraction, as well as an inflation reduction and 
unemployment rate increase. The central bank cuts the nominal policy interest rate to raise 
inflation towards target and output towards potential, depreciating the currency in nominal 
and real effective terms. This CLTVL reduction in the United States induces a persistent 
hump-shaped export driven output contraction in Mexico. The current account balance 
deteriorates reflecting lower exports to the United States, as well as lower energy and 
nonenergy commodity prices. The implied output spillover coefficient is 0.39. 
 

                                                 
14 The CLTVL has been rarely used in practice, and does not currently exist in the United States. But it may get 
used more frequently in the future, given heightened corporate debt related financial stability risks in many 
countries, and the trend towards greater macroprudential policy usage worldwide. 
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Figure 10. Impulse Responses to a Unit CLTVL Reduction 

Source: IMF staff estimates. 
Note: Depicts impulse responses for the United States ■ and Mexico ■ to a CLTVL shock in the United States which 
reduces its CLTVL by one percentage point. All variables are annualized, where applicable. 

 
Although macrofinancial spillovers from CLTVL changes are small worldwide, there are 
many large regionally concentrated estimated spillovers. Indeed, as illustrated in Figure 11, 
6.0 percent of our output and 1.6 percent of our credit spillover coefficients exceed 0.05. The 
correlations of our estimated output and credit spillover coefficients with bilateral export 
exposures are 0.87 and 0.45, while those with bilateral bank lending exposures are 0.31 and 
0.87, respectively. 
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Figure 11. Macrofinancial Spillovers from CLTVL Adjustments 

Source: IMF staff estimates. 
Note: Depicts estimated output and credit spillover coefficients for all recipient countries with respect to selected source 
countries. 

 
C. Discussion 

While our model based simulation analysis indicates that macrofinancial spillovers from 
macroprudential policy measures using capital and sectoral instruments are generally small 
worldwide, it reveals that capital and sectoral instrument adjustments in some countries can 
have large macrofinancial spillovers to others. This result is to be expected, as most country 
pairs in our sample are weakly connected by trade and financial linkages, while important 
regionally concentrated linkages exist. In particular: (i) output and bank credit spillovers 
from CCB adjustments can be economically significant for recipient countries having high 
export or nonfinancial private sector borrowing exposures to source countries; (ii) output 
spillovers from MLTVL adjustments can be economically significant for recipient countries 
having high export exposures to source countries; and (iii) output and bank credit spillovers 
from CLTVL adjustments can be economically significant for recipient countries having high 
export or bank lending exposures to source countries. 
 

VI. CONCLUSION 

Macroprudential policy has become part of the policy toolkit in many advanced and 
emerging market economies. Macroprudential policy measures taken to mitigate systemic 
risk in one regulatory jurisdiction can have macrofinancial effects on other jurisdictions. If 
these spillovers are significant, then policymakers should consider them when addressing 
systemic risks. 
 
The empirical literature on the existence and importance of cross-border macroprudential 
policy spillovers reports mixed results. Several studies find that adjustments to liquidity or 
sectoral instruments statistically significantly affect cross-border bank credit, whereas 
adjustments to capital instruments do not. However, other studies contradict these results. 
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This paper analyzes cross-border macrofinancial spillovers from a variety of macroprudential 
policy measures using, for the first time, a range of quantitative methods: nonparametric 
event study analysis, reduced-form panel regression analysis, and structural model based 
simulation analysis. Our event study and panel regression analyses find evidence of the 
existence of cross-border bank credit spillovers from sectoral and liquidity based 
macroprudential policy measures, but not from capital measures. This empirical evidence is 
stronger for tightening than for loosening measures, is distributed across credit leakage and 
reallocation effects, and is generally regionally concentrated. Consistent with these empirical 
results, our simulation analysis indicates that macrofinancial spillovers from sectoral 
instrument adjustments—namely the MLTVL and CLTVL—are generally small worldwide, 
but can be large among countries with high export or bank lending exposures. 
 
Our simulation analysis also indicates that CCB adjustments have the potential to generate 
sizeable regional macrofinancial spillovers. Since the widespread use of the CCB as a 
macroprudential policy instrument is recent, our panel data set does not cover it. But future 
empirical analyses may reveal evidence of regionally concentrated cross-border bank credit 
spillovers from CCB adjustments as observations accumulate. 
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Appendix I. Case Studies 

To complement our empirical and structural analyses, we present two case studies illustrating 
how cross-border bank credit spillovers can undermine the effectiveness of macroprudential 
policy tightening measures. In particular, we consider the cases of Central and Southeastern 
Europe (CESEE) and the Baltic Countries during the build-up to the Global Financial Crisis 
(GFC). 
 
Central and Southeastern Europe 

During the build-up to the GFC, strong economic growth in Central Europe (the Czech 
Republic, Hungary, Poland and the Slovak Republic), and more prominently in Southeastern 
Europe (Bulgaria, Croatia and Romania), was accompanied by credit booms. Rapid credit 
growth coincided with rapid increases in asset prices, as well as household and corporate 
leverage. These credit booms were largely financed by cross-border loans, mainly from 
internationally active banks headquartered in selected countries in Advanced Europe 
(Austria, Belgium, Italy and Switzerland), often channeled through local subsidiaries or 
branches amidst competition for market share. The extraordinary growth in cross-border 
bank lending from advanced European economies to Central Europe, and more strikingly to 
Southeastern Europe, is depicted in Figure 12. Remarkably, these cross-border bank loans to 
Central Europe rose from about 10 to 30 percent of their GDP from 2002 to 2008, while 
those to Southeastern Europe rose from about 10 to 80 percent of their GDP. 
 
These large capital inflows generated systemic risk in the CESEE countries, largely arising 
from currency mismatches on bank, household and nonfinancial corporate balance sheets. To 
mitigate this systemic risk, many CESEE countries took macroprudential policy tightening 
measures in the mid-2000s, designed to limit the rapid increase in foreign currency 
denominated bank lending and build resilience to it. These macroprudential policy tightening 
measures included: (i) raising risk weights on foreign currency denominated bank loans 
(Croatia, Poland and Serbia); (ii) tightening lending standards and raising loan-loss 
provisions (Romania); (iii) imposing marginal reserve requirements on excessive credit 
growth and external borrowing by banks (Bulgaria and Croatia); and (iv) imposing loan-to-
value and debt-service-to-income ratio limits (Bulgaria and Croatia). 
 
These macroprudential policy tightening measures taken by the CESEE countries were 
partially effective at reducing credit growth, and strengthened banks’ capital and liquidity 
buffers, enhancing their resilience to the GFC, as discussed in Lim and others (2011). 
However, they were partially circumvented through cross-sectoral and cross-border credit 
leakage effects, as credit intermediation by domestic banks migrated to domestic nonbanks, 
and was displaced by cross-border borrowing from foreign banks. For example, as 
macroprudential policy was tightened in Bulgaria and Croatia, borrowing from foreign banks 
accelerated rapidly, as discussed in Bakker and Gulde (2010). Meanwhile, borrowing from 
foreign banks in Poland was channeled through foreign branches not subject to domestic 
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macroprudential policy. As these circumvention tactics became known, the authorities 
widened the regulatory perimeter and harmonized financial regulation, limiting these 
regulatory arbitrage opportunities. 
 

Figure 12. Cross-Border Bank Loans from Advanced Europe to the CESEE Countries 

 
        Sources: BIS International Banking Statistics database, Haver Analytics and IMF staff calculations. 

Note: Source countries include Austria, Belgium, Italy and Switzerland. Central Europe includes the Czech    
Republic, Hungary, Poland and the Slovak Republic. Southeastern Europe includes Bulgaria, Croatia and Romania. 

 
There is also evidence that cross-border reallocation effects undermined the effectiveness of 
macroprudential policy tightening measures taken by the countries in Advanced Europe 
under consideration, during the build-up to the GFC. These macroprudential policy 
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tightening measures were targeted at internationally active banks, and included higher capital 
requirements and stronger restrictions on their non-lending activities. As discussed in 
Ongena, Popov and Udell (2013), European banks searched for yield through greater risk 
taking in response, weakening their standards on lending to the CESEE countries. 
 
Sweden and the Baltic Countries 

During the decade prior to the GFC, the Baltic countries (Estonia, Latvia and Lithuania) 
experienced rapid economic growth accompanied by credit booms, as they transitioned from 
planned to market economies and deregulated their financial markets. These credit booms 
were largely financed by capital inflows from Swedish banks, largely channeled through 
local subsidiaries. Indeed, as depicted in Figure 13, Swedish bank loans to the Baltic 
countries increased from about 15 percent of their GDP in 2003 to about 100 percent by 
2007. 
 
These large capital inflows resulted in the accumulation of systemic risk in the Baltic 
countries, predominantly through large currency mismatches on household and nonfinancial 
corporate balance sheets, as well as substantially overvalued housing markets. To mitigate 
this systemic risk, the Baltic countries took a variety of macroprudential policy tightening 
measures, including: (i) raising risk weights on mortgage loans; (ii) raising reserve 
requirements; (iii) imposing loan-to-value and debt-service-to-income ratio limits on 
households (Latvia); and (iv) reducing the tax deductibility of mortgage interest payments 
(Estonia). 
 
These macroprudential policy tightening measures taken by the Baltic countries were 
ineffective at reducing credit growth, but did strengthen banks’ capital and liquidity buffers, 
enhancing their resilience to the GFC, as discussed in Sutt, Korju and Siibak (2011). Large 
cross-border bank credit spillovers, partially through credit leakage effects, were a major 
contributor to this macroprudential policy ineffectiveness. These credit leakage effects 
reflected: (i) high credit supply from Swedish banks exploiting highly profitable lending 
opportunities in the Baltic countries given their low cost access to global wholesale funding 
markets; (ii) circumvention of macroprudential policy tightening measures through cross-
border borrowing from Swedish banks, largely channeled through local subsidiaries; and (iii) 
insufficient reciprocity in Sweden of macroprudential policy tightening measures taken in the 
Baltic countries, enabling local bank branches to exploit this regulatory arbitrage 
opportunity. 
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Figure 13. Cross-Border Bank Loans from Sweden to the Baltic Countries 

 
     Sources: BIS International Banking Statistics database, Haver Analytics and IMF staff calculations. 
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Appendix II. Panel Regression Analysis 
 

Table 7. Panel Regression Variable Definitions 

Dependent variable 

D_lnTL_W Growth rate of directional bilateral cross-border bank credit, winsorized at 5 percent level 

Explanatory variables 

creditgr_recipient Growth rate of domestic bank credit in recipient country 

creditgr_source Growth rate of domestic bank credit in source country 

D.fdel_recipient Change in financial market development index for recipient country 

D.fdel_source Change in financial market development index for source country 

D.schkin_recipient Schindler index of capital inflow controls in recipient country (higher value indicates more/tighter controls) 

D.schkout_source Schindler index of capital outflow controls in source country (higher value indicates more/tighter controls) 

D.erri_recipient Change in exchange rate regime in recipient country (higher value indicates more flexible regime) 

D.erri_source Change in exchange rate regime in source country (higher value indicates more flexible regime) 

crisis _recipient Dummy = 1 if banking/currency/sovereign crisis in recipient country, 0 otherwise 

crisis _source Dummy = 1 if banking/currency/sovereign crisis in source country, 0 otherwise 

tallsum_recipient Tightening of any macroprudential instrument in recipient country 

tallsum_source Tightening of any macroprudential instrument in source country 

lallsum_recipient Loosening of any macroprudential instrument in recipient country 

lallsum_source Loosening of any macroprudential instrument in source country 

tcapital_recipient Tightening of macroprudential capital instrument in recipient country 

tcapital_source Tightening of macroprudential capital instrument in source country 

lcapital_recipient Loosening of macroprudential capital instrument in recipient country 

lcapital_source Loosening of macroprudential capital instrument in source country 

tliquidity_recipient Tightening of macroprudential liquidity instrument in recipient country 

tliquidity_source Tightening of macroprudential liquidity instrument in source country 

lliquidity_recipient Loosening of macroprudential liquidity instrument in recipient country 

lliquidity_source Loosening of macroprudential liquidity instrument in source country 

tsectoral_recipient Tightening of macroprudential sectoral instrument in recipient country 

tsectoral_source Tightening of macroprudential sectoral instrument in source country 

lsectoral_recipient Loosening of macroprudential sectoral instrument in recipient country 

lsectoral_source Loosening of macroprudential sectoral instrument in source country 

tborrower_recipient Tightening of macroprudential policy on borrowers in recipient country 

tborrower_source Tightening of macroprudential policy on borrowers in source country 

lborrower_recipient Loosening of macroprudential policy on borrowers in recipient country 

lborrower_source Loosening of macroprudential policy on borrowers in source country 

tlender_recipient Tightening of macroprudential policy on lenders in recipient country 

tlender_source Tightening of macroprudential policy on lenders in source country 

llender_recipient Loosening of macroprudential policy on lenders in recipient country 

llender_source Loosening of macroprudential policy on lenders in source country 

Instrumental variables 

GDPGR_recipient Growth rate of nominal gross domestic product in recipient country 

GDPGR_source Growth rate of nominal gross domestic product in source country 

int_recipient Change in nominal bank lending interest rate in recipient country 

int_source Change in nominal bank lending interest rate in source country 

HPGR_recipient Growth rate of real house price index in recipient country 

HPGR_source Growth rate of real house price index in source country 

Source: IMF staff calculations. 
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Table 8. Panel Regression Estimation Results, Baseline Model Specification 

 
Source: IMF staff estimates. 
Note: Significance at the 1, 5 and 10 percent levels on the basis of robust standard errors is indicated by ***, **, and * 
respectively. 
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Table 9. Panel Regression Estimation Results, European Countries 

 
Source: IMF staff estimates. 
Note: Significance at the 1, 5 and 10 percent levels on the basis of robust standard errors is indicated by ***, **, and * 
respectively. 
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Table 10. Panel Regression Estimation Results, Interactive Model Specification 

 
Source: IMF staff estimates. 
Note: Significance at the 1, 5 and 10 percent levels on the basis of robust standard errors is indicated by ***, **, and * 
respectively. 
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