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Introduction

Internal imbalances between heterogeneous member states are essential for understanding the Euro crisis [START_REF] Lane | Capital Flows in the Euro Area[END_REF][START_REF] Hobza | Current accounts and financial flows in the euro area[END_REF]. Following unification, capital flowed from mature core economies to the less developed periphery where the common policy stance resulted in looser real financial conditions [START_REF] Couppey-Soubeyran | Pour une combinaison politique monétaire / politique macroprudentielle au service de la stabilité économique et financière de la zone euro[END_REF]. This created persistent current account imbalances that facilitated unsustainable accumulations of debt [START_REF] Lane | Domestic Credit Growth and International Capital Flows[END_REF][START_REF] Unger | Asymmetric credit growth and current account imbalances in the euro area[END_REF][START_REF] Hobza | Current accounts and financial flows in the euro area[END_REF] both in the state (Greece and Portugal) and in the private sector (Ireland and Spain). As highlighted by Poutineau & Vermandel (2015), the blunt of these core-to-periphery flows of financing took place on the interbank market. Indeed, the creation of the EMU suddenly gave periphery banks access to cheap and abundant market funding, which fueled the excessive credit expansions that would lead to the crisis. Ever since, there has been a significant retrenchment in cross-border interbank lending; but until other financial markets develop further, this will likely remain the preeminent channel of financial integration. Therefore, it is important for policymakers to anticipate how cross-border interbank lending could condition the conduct of countercyclical1 macroprudential policies (MaP).

This paper focuses on the Basel III countercyclical capital buffer (CCyB), a supplement to the traditional capital requirements ratio that is built up during booms and released in downturns to strengthen resilience and lean against the credit cycle. The CCyB is mostly set by national regulators whose mandate is to ensure financial stability within their borders2 ; but due to certain aspects of its design it could create cross-border spillovers, which would raise important questions. Will setting the CCyB along national lines always be enough to safeguard the financial stability of the Euro area as a whole? While a framework for coordination exists between national regulators and supranational institutions3 , what happens if spillovers imply a trade-off between the national stability of two member states, and therefore a trade-off between national and union-wide stability?

The question of whether regulators should target national or area-wide stabilization is at the center of the recent literature on macroprudential policy in the EMU [START_REF] Brzoza-Brzezina | Macroprudential policy and imbalances in the euro area[END_REF][START_REF] Poutineau | Global banking and the conduct of macroprudential policy in a monetary union[END_REF][START_REF] Dehmej | Macroprudential Policy in a Monetary Union. Bank Al-Maghrib[END_REF][START_REF] Rubio | National macroprudential policies in the euro area: Flexibility vs. supervision[END_REF]. In general, the findings favor setting MaP at the national level: it acts as granular stabilizer to the destabilizing effects of the one-size-fits-all monetary stance. We notice that these models differ in their apprehension of cross-border financial flows, with only [START_REF] Poutineau | Global banking and the conduct of macroprudential policy in a monetary union[END_REF] according a central role to interbank lending integration 4 . We seek to contribute to this literature by reevaluating the claim that strictly national implementation of MaP is invariably preferable in a heterogeneous monetary union. To do so, we use a small static core-periphery model calibrated to the Euro area, based on the well known 3-equation New Keynesian model 5 and introducing a banking sector in the vein of the IS-LM-CC framework of [START_REF] Bernanke | Credit, Money, and Aggregate Demand[END_REF]. Our model is close in spirit to [START_REF] Poutineau | Global banking and the conduct of macroprudential policy in a monetary union[END_REF], insofar as they also accord a fundamental role to credit market integration, but features some key conceptual differences. First, we account for banking system heterogeneity by making the periphery structurally dependent on the core for refinancing, while they consider heterogeneous distributions of banks with preferential access to ECB funds. Second, by assuming that raising the CCyB incites core banks to increase outward interbank lending, the spillover effect accelerates the periphery's credit cycle, while in [START_REF] Poutineau | Global banking and the conduct of macroprudential policy in a monetary union[END_REF] the spillover is contractionary, meaning that a restrictive MaP stance results in slower credit growth within and outside the jurisdiction6 . Third, we introduce a new approach to modeling the alternative rule against which the national stabilization rule is compared. Instead of using a "federal" or "supranational" rule by which MaP in both countries is set to stabilize area-wide aggregate credit, as is commonly done in the literature; we formulate a rule in which the core regulator internalizes the spillover if and when the periphery's CCyB reaches its upper bound, finding that it outperforms the national rule regime when the union is subjected to strong and synchronized booms. While the national rules regime delivers the best credit stabilization performance in most scenarios, there are certain scenarios that call for internalization of spillovers.

If core banks respond to tighter capital standards at home by substituting with interbank lending abroad, then periphery countries might once again face excessively lax funding conditions, making it difficult for the regulator to successfully stabilize domestic credit. Considering that the common currency makes the financial stability of member states deeply interdependent, a localized crisis can quickly spread. A basic calibration of our model shows that, in the scenario of a strong and synchronized boom, there comes a point where internalization by the core country regulator becomes the preferable option. This finding brings nuance to the consensus view supporting strictly national policy rules. The reminder of the paper is structured as follows: section 2 reviews the literature related to our work, section 3 presents our baseline model; sections 4 and 5 compare the performances of policy regimes. We devote our concluding section to commenting the implications of our model's result.

2 Macroprduential policy in the EMU: the state of the debate

The creation of macroprudential instruments has signified a major development in macroeconomic policy, and so their study has become a priority of the theoretical macroeconomic research agenda7 . Although DSGE modeling has been the standard approach, important contributions have come from smaller static or multi-period analytical models [START_REF] Jeanne | Macroprudential Policies in a Global Perspective[END_REF][START_REF] Korinek | Capital controls or macroprudential regulation?[END_REF][START_REF] Kara | Systemic risk, international regulation, and the limits of coordination[END_REF]. A strand of the literature has specialized in addressing the specific challenges that emerge in the context of the EMU using core-periphery models. A recurring question concerns the optimal level of stabilization: are the national stabilization rules that define the status quo the best policy rule? Or does targeting the stability of the union deliver better results8 ? [START_REF] Brzoza-Brzezina | Macroprudential policy and imbalances in the euro area[END_REF] stress out that, for MaP to have a positive impact, it must be implemented at the national level. However, their model ignores structural heterogeneity, considers only asymmetric shocks, and focuses on borrower-based instruments which should a priori be less prone to spillovers. [START_REF] Poutineau | Global banking and the conduct of macroprudential policy in a monetary union[END_REF] reach a similar conclusion for the CCyB. Their model includes both interbank and corporate cross-border lending, and they compare national and union-wide stabilization rules across different degrees of integration. They find that national rules always perform better, but the performance of the union-wide rule improves with higher levels of corporate lending integration. However, it is surprising that stronger interbank lending integration does nothing to influence the relative performance of these rules, considering that this channel's central role in the gestation of the crisis. Finally, [START_REF] Dehmej | Macroprudential Policy in a Monetary Union. Bank Al-Maghrib[END_REF] use a static analytical model to show that MaP can be used to correct the distortions of the common monetary policy, but only when regulators follow a national rule. Their model considers the two countries in autarky and only related by the common monetary policy; we wish to see if this result holds with financial integration. While the literature broadly tilts in the direction of favoring a strictly national implementation, [START_REF] Rubio | National macroprudential policies in the euro area: Flexibility vs. supervision[END_REF] finds that the inclusion of heterogeneity in the prevalence of variable rate mortgages produces increased volatility in the periphery, and justifies a supranational approach to setting the LTV instrument. This result should be examined in parallel to the empirical and theoretical bodies of work on international MaP spillovers. While the effectiveness of MaP to shape the financial cycle is increasingly supported by evidence [START_REF] Cerutti | The use and effectiveness of macroprudential policies: New evidence[END_REF], trying to identify cross-border spillovers has yielded ambivalent (if not contradictory) results: they exhibit significant variation in sign and intensity (if they are at all present) depending on the instrument, the jurisdiction and individual bank characteristics [START_REF] Buch | Cross-Border Prudential Policy Spillovers: How Much? How Important? Evidence from the International Banking Research Network[END_REF][START_REF] Kang | Macroprudential Policy Spillovers; A Quantitative Analysis[END_REF]. While in the U.K. banks cut back on cross-border loans across the board in response to the significant post-crisis increase in minimum required capital [START_REF] Forbes | The spillovers, interactions, and (un)intended consequences of monetary and regulatory policies[END_REF], Canadian and French banks reacted heterogeneously: entities with strong deposit bases increased their cross-border claims [START_REF] Damar | International Banking and Cross-Border Effects of Regulation: Lessons from Canada[END_REF][START_REF] Bussière | International Banking and Cross-Border Effects of Regulation: Lessons from France[END_REF], while those with higher levels of illiquid assets rationed. It is important to consider that most of the evidence for advanced economies concerns the post-crisis period where banks were transitioning to Basel III, had vulnerable balance sheets and low risk appetite. We should be careful about extrapolating these behaviors in a boom context, hence the interest of exploring our substitution hypothesis. Otherwise, it is worth considering that the theoretical literature on international MaP spillovers tends to advocate internalization and coordination [START_REF] Jeanne | Macroprudential Policies in a Global Perspective[END_REF][START_REF] Kara | Systemic risk, international regulation, and the limits of coordination[END_REF][START_REF] Agénor | The international dimensions of macroprudential policies[END_REF]. Notably, [START_REF] Agénor | The international dimensions of macroprudential policies[END_REF] argue that when peripheries are overly dependent on financial hub core countries to finance their economies, there are significant gains to policy coordination.

While it stands to reason that in the EMU national MaP can be used as a partial adjustment mechanism that compensates the loss of national monetary autonomy, there is a chance that the asymmetrical relationship of financial dependence that links the Euro periphery to the core has not been fully accounted for in the literature. Like [START_REF] Dehmej | Macroprudential Policy in a Monetary Union. Bank Al-Maghrib[END_REF], we take a two-country version of the standard 3-equation NK model and introduce a market for domestic bank loans that determines borrowing conditions for the real economy. Our key innovation is the introduction of an interbank market that creates financial integration between the core and the periphery. Our objective is similar to that of [START_REF] Poutineau | Global banking and the conduct of macroprudential policy in a monetary union[END_REF], but beyond the reduced-form nature of our model there are three key axiomatic differences:

• First, we model interbank flows to be one-sided: core banks finance the periphery but not the other way around. We want to reflect the fact that periphery banking systems tend, on the aggregate, to be structural borrowers on the Euro money market. This empirical regularity can be observed in the bilateral capital flow database constructed by [START_REF] Hobza | Current accounts and financial flows in the euro area[END_REF]. Panel a of figure 2 in appendix A plots private portfolio debt flows between the periphery and the rest of the Euro Area. The periphery accumulated increasingly large net inflows of private debt during the boom years and only registered net outflows in 2008 and 2010-2012 as a result of substantial capital flight. Although the authors do not specify the sectoral composition or maturity profile of these debt flows, it is widely documented that the lion's share of cross-border debt flows in the Euro Area concern the interbank market (Poutineau & Vermandel, 2015;[START_REF] Hoffmann | Are Banking and Capital Markets Union Complements? Evidence from Channels of Risk Sharing in the Eurozone[END_REF] 9 . When the interbank market broke down, periphery banks continued to rely on foreign funding through TARGET 2 imbalances, as depicted in figure 2, panel b. This data illustrates an asymmetrical relationship of financial dependence between periphery banking systems and the rest of the Euro Area, a pervasively one-sided flow of liquidity that took the form of private funds during the boom and official funds after the bust. Additionally, even if financial inflows and outflows between the core and the periphery banking systems were to balance out, massive gross inflows of liquidity would still create an easier funding environment and thus, combined with lower real interest rates, stimulate domestic credit growth. Therefore, our asymmetrical interbank market can be seen as reflecting the financial dependence relationship similar to the one in [START_REF] Agénor | The international dimensions of macroprudential policies[END_REF], but also as focusing on the effects of gross liquidity inflows10 .

• Second, raising the CCyB in [START_REF] Poutineau | Global banking and the conduct of macroprudential policy in a monetary union[END_REF] makes banks cut back in all forms of lending. We, on the other hand, assume that banks can react to higher capital requirements by partially substituting domestic loans with foreign interbank loans because of their lower risk weight. This is a key hypothesis for the spillover effect: a tightening of the core CCyB will, on top of reducing domestic lending, incite a shift in the core bank's asset portfolio in favor of interbank loans, thus stimulating the supply of liquidity to the periphery. There is precedent for this type of behavior in the theoretical literature. [START_REF] Jacques | Capital shocks, bank asset allocation, and the revised Basel Accord[END_REF] uses a microeconomic banking model to study the effects of risk-sensitive capital requirements on balance sheet size and composition under the Basel II framework. He finds that, given a sufficiently large weight differential between high-risk and low-risk assets, the profit-maximizing response to higher capital requirements is to shed the former and increase the latter. In a network model calibrated to Canadian data, [START_REF] Gauthier | Macroprudential capital requirements and systemic risk[END_REF] find that higher capital requirements strengthen the balance sheets of individual institutions but make the system more interconnected by inciting banks to increase interbank exposures. In the empirical literature, a number of studies have found evidence for banks increasing low-risk exposures as a response to higher capital requirements in several countries; namely [START_REF] Jokipii | Bank capital buffer and risk adjustment decisions[END_REF] for the U.S., [START_REF] Francis | Capital requirements and bank behavior in the UK: Are there lessons for international capital standards[END_REF] for the U.K., [START_REF] Heid | Does capital regulation matter for bank behaviour? Evidence for German savings banks[END_REF] for Germany, [START_REF] Damar | International Banking and Cross-Border Effects of Regulation: Lessons from Canada[END_REF] for Canada and [START_REF] Bussière | International Banking and Cross-Border Effects of Regulation: Lessons from France[END_REF] for France. This mechanism changes the cost-benefit balance of national macroprudential rules.

• Finally, beyond differences on the mechanics of the model economy, a crucial element that conditions any result is the form of the "supranational" or "federal" rule that is proposed as an alternative to the national rule. So far, the approach has been to use a rule that responds to aggregate Euro area credit, in the image of a Taylor rule that responds to Euro area inflation. The issue here is that, while the area inflation rate is equal to the weighted average of national inflation rates, taking the weighted average growth in credit as a proxy of area-wide systemic risk underestimates the complexity of this phenomenon. Due to the EMU's design vulnerabilities, a crisis in a member state can destabilize the area to an extent that is disproportionate to its size. Therefore, considering alternative ways of modeling supranational policy regimes is necessary to reach a robust conclusion. We propose a rule in which the core regulator, who is at the origin of the spillover, internalizes its policy's effects on the periphery.

3 A small core-periphery model for a monetary union with an asymmetric interbank market

Real economy

The basic template11 is a standard two-country reduced-form New Keynesian model composed, for each country, of simplified IS and Phillips Curves. The model is expressed in log-deviations from steady-state values. As a departure from the baseline three-equation model, monetary policy (defined by the common policy rate i n ) is left exogenous12 . Heterogeneity will be introduced through each country's role on the interbank market (creditor for the core, borrower for the periphery).To simplify the reading, it is assumed that agents have perfect foresight of inflation expectations and that the central bank has full credibility. This implies equivalence between expected, realized and target inflation rates (π e = π * = π). Variables are expressed in log-deviations from their steady state values13 . The IS and PC curves have the same form for both countries indexed "p" for periphery and "c" for core:

IS p : y p = -β p (i p c ) + p d ( 1 
)
IS c : y c = -β c (i c c ) + c d (2)
In contrast to traditional IS curves, here output (y) responds not to the monetary policy rate but to the bank lending rate (i c ) which includes a risk premium over the policy rate. It is also affected by demand shocks ( d ) that will come into play in our policy simulation. We assume a higher sensitivity of the real economy to financial conditions in the periphery (β p > β c )14 

Inflation is determined by the relative overheating or slack of the economy and is therefore a positive function of output:

P C p : π p = λy p (3) P C c : π c = λy c (4)

Core credit market

As in DG, a banking sector is added to this standard baseline and is captured by a financial frictions equation (F F c ) 15 , which determines the domestic lending rate (i c ) as the rate that balances supply and demand on the domestic credit market. Domestic loan supply grows with with profitability (as captured by the unit margins on new loans, i c c -i n ) and the stock available loanable funds, which are here equivalent to household deposits (D c ). Since household deposits are in fact savings (unconsumed income), they grow with output and decrease with the policy rate16 : D c = η c y y c -η n i n . It is important to emphasize that the power of banks to extend lending is not limited by the availability of real savings (deposits). While some of the growth in domestic credit comes from an increase in the stock of loanable funds, the lion's share of fluctuations in credit supply comes from "pure" credit creation; financing underpinned by the expectation of future income generation by borrowers and not by a reallocation of present unconsumed income from savers to borrowers17 . To capture this growth generated by "pure" credit creation, we include the term M c = ζ c y y c18 ; positively related to output growth as the bank's expectations and risk appetite respond to growth signals:

L c s = D c + M c + ω cs (i c c -i n ) (5)
The core loan demand equation depends positively on output growth (to finance desired investment and consumption) and negatively on the lending rate:

L c d = µ y y c -µ c i c c (6) 
By equalizing loan supply and demand and solving for i c c , we obtain the core's financial frictions (FF) equation:

F F c : i c c = γ c n i n -γ c y y c (7)
where γ c y = ηy+ζy-µy ωcs+µc > 0 and γ c n = ηn+ωcs ωcs+µc > 0

To have a procyclical relationship between financial conditions and the business cycle, loan supply has to be more sensitive to output than loan demand (η y +ζ y > µ y ). Underlying this assumption is the systematic tendency of banks to over-lend during booms when expectations are exuberant and over-ration after the bust as expectations reverse and confidence breaks down [START_REF] Minsky | Stabilizing an unstable economy[END_REF][START_REF] Kindleberger | Manias, panics and crashes: A history of financial crises[END_REF]. Non-financial agents, motivated by positive demand signals (µ y ), solicit banks to fund projects that they judge to be fundamentally viable at the ex-ante prevailing lending rates. Banks, themselves encouraged by the positive business environment and eager to defend or expand their market share, not only satiate this initial demand but provide excess liquidity; loosening financial conditions and financing high-risk projects of questionable intrinsic value19 .

Interbank market

Crisis measures notwithstanding, the ECB mainly implements monetary policy through open market operations, auctions in which banks place competitive bids with the policy rate acting as a floor. Auctions are executed by national central banks, and so the ECB interacts with a rather large and diverse set of counterparties compared to other major central banks. While in principle this decentralized approach should result in a geographically neutral allocation of liquidity, in practice large and more creditworthy banks are disproportionately represented in the counterparty pool. Counterparties are subject to eligibility criteria, including regulatory oversight and collateral eligibility requirements that large, systemic banks are more likely to meet. In addition, these banks are more often solicited for fine-tuning operations that need to be executed on short notice. Since large international banks are more present in core countries, a structural bias in the access to ECB funding emerges at the level of national banking systems. Examining the unsecured money market data compiled by Garcia-de Andoain et al. ( 2014), [START_REF] Poutineau | Global banking and the conduct of macroprudential policy in a monetary union[END_REF] find that the share of banks borrowing on the interbank market is 25% higher on average in the periphery. The explosive growth in external market funding in Ireland and Spain during the boom period indicates that periphery banks were using these loans to fund their domestic credit expansion (Appendix A, figure 3) To examine the effect of this bias, our model considers that periphery banks rely entirely on foreign interbank funding to cover their refinancing needs.Mirroring the behavior of non-financial borrowers, the periphery bank's demand for interbank funds is a positive function of output 20 and a negative function of the prevailing interbank rate, i IB :

IB d = δ y y p -δ IB i IB (8) 
The dynamics of interbank supply are at the core of the spillover effect, in particular the hypothesis of partial substitutability with respect to domestic lending. Due to the secular downward trend in market interest rates, unit margins on domestic lending to non-financial agents (NFAs) have been low since well before the crisis; especially for core countries. On the other hand, the process of financial integration culminating in the common currency greatly reduced the transaction cost and perceived risk of lending to periphery banks. In 03-08, compressing margins on domestic lending in France and Germany were accompanied by a noticeable rise in loans to Euro area banks as a share of total bank assets (Appendix A, figure 4). While it is unlikely that banks ration domestic lending to divert funds towards the interbank market 21 , an erosion of the relative profitability of domestic lending can motivate an increase in the preference for interbank lending. Therefore, interbank supply reacts to lending margins on both markets:

IB s = ω IB (i IB -i n ) -ω L (i c c -i n ) (9) 
Solving IB s = IB d for i IB yields the law of motion of the interbank rate, or the interbank financial frictions equation:

F F IB : i IB = φ n i n + φ y y p + φ L i c c (10)
20 Growth in the domestic economy encourages greater expectations for future yields and hence motivates borrowing to finance credit expansion.

21 These remain two different types of investment, what substitutability may exist is partial. Once the core bank decides on the desired level of domestic lending, it places some liquidity on the interbank market. To determine how much it wants to lend on this market, profitability will be evaluated using domestic lending margins as the benchmark.

where

φ y = δy ω IB +δ IB > 0, φ n = ω IB -ω L ω IB +δ IB > 0 and φ L = ω L ω IB +δ IB > 0
The interbank rate therefore depends on the policy rate that acts as its lower bound, demand conditions as determined by growth prospects in the periphery, and on core domestic lending rates that act as a benchmark.

Periphery credit market

The loan supply function in the periphery takes the following form:

L p s = D p + M p + IB d + ω cs (i p c -i IB ) (11) 
The presence of interbank funds on the liability side marks the main difference between core and periphery banks and the associated loan supply functions. Notably, the term that links interbank demand to output growth (δ p y ) increases the sensitivity of domestic credit supply to the business cycle. Put otherwise, the presence of an abundant and cheap marginal source of external funding increases the financial elasticity of the periphery22 . In fact, as highlighted by [START_REF] Poutineau | Global banking and the conduct of macroprudential policy in a monetary union[END_REF], much of the monetary transmission in the Euro periphery happens through the interbank market, as many banks lack the preferential access to ECB funds their core counterparts enjoy. To capture this, the unit margin on domestic lending in the periphery is defined as the spread between the domestic lending rate (i p c ) and the interbank rate(i ib ) instead of the policy rate. It follows from this that the periphery's loan supply will be affected by conditions on the interbank market. Looser (tighter) conditions on the interbank market lighten (raise) the marginal cost of funding for periphery banks, stimulating (slowing down) supply-side credit growth and thereby lowering (raising) the domestic lending rate:

L p s = D p + M p + (δ y y p -δ IB i IB ) + ω cs (i p c -i IB )
Demand for loans is identical to that in the core country:

L p d = µ y y p -µ c i p c (12)
Resulting in the periphery's financial frictions equation:

F F p : i p c = γ p n i n -γ p y y p + γ p IB i IB (13) 
where γ p y = ηy+ζy+δy-µy ωcs+µc > 0, γ p n = ηn ωcs+µc > 0 and γ p IB = δ IB +ωcs ωcs+µc > 0

As anticipated, the interbank rate enters as a crucial determinant of domestic credit conditions. By this channel, the periphery's credit cycle becomes exposed to macrofinancial developments in the core economy. Namely, domestic shocks that make the core bank expand (restrict) the interbank loan supply will accelerate (decelerate) the periphery's credit cycle. As we will see in the next section, this will result in increased procyclicality for the periphery when the union is subject to symmetrical demand shocks. This mechanism is similar to the one in [START_REF] Rubio | Liquidity, interest rates and house prices in the euro area: a DSGE analysis[END_REF], where productivity shocks in the core impact euro area liquidity conditions and create financial imbalances in the periphery. Summing it up, we notice that financial conditions in the core are determined by the domestic business cycle and the policy rate (7), while in the periphery credit growth and financial conditions depend on the interbank rate; hence on the decisions of core banks and, as we will see in the following section, the core regulator. Therefore, there is a relationship of financial dependence of the periphery with respect to the core.

National macroprudential rules and the interbank spillover

We now introduce macroprudential policy (MaP) in the form of a countercyclical capital buffer (CCyB). This instrument acts by increasing (lowering) the ratio of required capital to risk-weighted assets when total credit expands (contracts) at a pace deemed undesirable by the policymaker. Capital is a costly resource for banks: investor's required rate of return is typically higher than the cost of debt, and raising capital can be a costly and time-consuming process23 . All other things equal, raising the capital requirement ratio augments the implicit marginal cost of credit extension since every unit of risk needs to be backed by an increasing share of equity 24 . Therefore, the CCyB performs a countercyclical function by discouraging excessive credit expansion in booms and encouraging lending in the aftermath of busts. Evidence for the restrictive effect of capital requirements on bank credit supply can be found in [START_REF] Claessens | Macro-prudential policies to mitigate financial system vulnerabilities[END_REF], [START_REF] Jiménez | Macroprudential Policy, Countercyclical Bank Capital Buffers, and Credit Supply: Evidence from the Spanish Dynamic Provisioning Experiments[END_REF] and [START_REF] Meeks | Capital regulation and the macroeconomy: Empirical evidence and macroprudential policy[END_REF]. Defined as such, MaP is incorporated to the credit supply equations ( 6) and ( 12):

L c s = D c + M c + ω cs (i c c -i n -M aP c ) (14) L p s = D p + M p + IB d + ω cs (i p c -i IB -M aP p ) (15) 
MaP enters the margin term with a negative sign, representing the implicit marginal cost of additional capital: even though credit creation is financed with central bank and money market funding, every additional unit of lending imposes an allocation of scarce and costly capital. However, this does not apply equally to all forms of lending: interbank loans are considered low-risk exposures and hence carry a low coefficient in the computation of risk-weighted assets25 . Furthermore, under the current regime, regulators set the CCyB according only to the evolution of credit that is domestic and directed to NFAs; lending to periphery banks can expand indefinitely without triggering a response from the core regulator26 . While raising the CCyB makes domestic lending less profitable, it does little to discourage interbank lending, improving its relative attractiveness.

As a result, tightening the CCyB stimulates the supply of interbank liquidity27 :

IB s = ω IB (i IB -i n ) -ω L (i c c -i n -M aP c ) ( 16 
)
MaP also affects conditions on the interbank market through the demand side. A tightening of the CCyB has a direct effect on the liability side of periphery banks by imposing a more capitalintensive funding structure. Hence, the periphery's M aP exerts downward pressure on interbank demand:

IB d = δ y y p -δ IB i IB -δ M ap M aP p (17)
Subsequently, both core and periphery M aP affect negatively the interbank interest rate:

i IB = φ y y p + φ n i n + φ L i c c -φ p M ap M aP p -φ c M ap M aP c ( 18 
)
where

φ in = ω IB -ω L ω IB +δ IB > 0, 28 φ y = δy ω IB +δ IB > 0, φ L = ω L ω IB +δ IB > 0, φ c M ap = ω c M ap ω IB +δ IB > 0 and φ p M ap = δ p M ap ω IB +δ IB > 0
Naturally, the effect of MaP on the credit supply trickles down to domestic financial conditions, and in fine to output. To identify the general equilibrium effect of MaP, we recompute the FF equations, this time replacing output by its expression in the IS equations (1 and 2) and, for the periphery, the interbank rate (18); yielding:

i c c = ψ c n i n + ψ c M aP M aP c -ψ c yc c d (19) i p c = ψ p n i n + ψ p M aP p M aP p -ψ p M aP c M aP c -ψ p yp p d -ψ p yc c d (20) 
With ψ c n , ψ c M aP , ψ c yc the in-fine sensitivities of the lending rate to the policy rate, domestic MaP and the domestic demand shock in the core; and ψ p n > 0, ψ M aP p , ψ p M aP c , ψ p yp , ψ p yc their counterparts in the periphery, with added sensitivities to the core's MaP and demand shock. All coefficients are positive 29 .

In equation ( 20), the spillover effect appears explicitly: a core MaP tightening loosens financial conditions in the periphery. As expected, the core credit market is only affected by its own domestic policy: a higher CCyB ( M aP c ) contracts the loan supply and increases domestic lending rates. The periphery credit market, on the other hand, depends on its own MaP and also, crucially, on the core's MaP because of its effects on interbank supply. This is, in fact, the essential mechanic of the spillover effect. When the core regulator tightens MaP, the profitability of core domestic lending erodes 30 . All other things equal, this favors the relative profitability of interbank lending, motivating core banks to increase supply. This creates an inflow of liquidity that makes interbank funding cheaper, stimulating domestic lending in the periphery. If the spillover is quantitatively significant, and/or if the periphery is already experiencing a boom; there is a chance that the CCyB's stabilization capacity could be exceeded 31 , and the regulator would no longer be able to stabilize 28 Given the shorter maturity of interbank loans, we can expect fuller transmission to interbank rates (ωIB > ωL) and hence a positive sign for this parameter.

29 Expressions of derived parameters begin complicating at this point, they can be found on Appendix B, tables 3 and 4. Unless specified otherwise, all new coefficients introduced from here onward are positive.

30 For this to hold, it is necessary that the direct effect of MaP on profitability be stronger than its second order effect on the lending rate i c c . This way, profitability erodes even though the lending rate rises due to the constriction of credit supply. Violation of this assumption makes the CCyB sterile, if not counterproductive; defeating the purpose of MaP.

31 Two countries have so far activated the CCyB in the Euro area, France and Ireland; both during the summer of 2018. While the French regulator set the CCyB at 0.25% given a credit gap of 3%, the Central Bank of Ireland set its own at 1% while with a credit cap of -100%. The CBI uses its own model-based credit indicator that accounts for how abhorrent the recent Irish credit boom was. This goes to show that the volatile periphery could need remarkably aggressive policy stances to achieve the same results.

credit. In such a scenario, the core's restrictive stance jeopardizes financial stability in the periphery.

How would this situation arise in practice? To determine this, we endogenize MaP by specifying national policy rules that seek to stabilize the credit-to-GDP ratio around its long-term trend, as is done in practice. Following the BCBS guidelines, national regulators are also encouraged to exercise a degree of judgment and factor in all other available information on systemic risk to determine what level of credit is appropriate for the economy at a given point in time. In addition, this element of discretion can vary according to policy preferences: the regulator may consider that moderate financial deepening is normal and benign, and thus set the target slightly above the trend. Alternatively, it can set its target below trend if it deems the financial sector unhealthily massive and in need of downsizing.

Let us note Λ and Υ the loan supply and output in level terms, and χ the credit-to-GDP ratio target chosen by the regulator32 . The national MaP loss function is defined as:

LF M aP = Λ Υ -χ 2 (21) 
Which is minimized for Λ Υ = χ. If we consider an "intermediate" value for the CCyB's steady state, for instance of 1%; the regulator can adjust its policy stance to influence the level of credit and bring the Credit-to-GDP ratio back to the target value χ. MaP rises during booms when

Λ Υ > χ and is lowered in the downturn Λ Υ < χ.Noting respectively L = Λ-Λ * Λ * and y = Υ-Υ * Υ *
the log-deviations of credit and output from their steady state level (corresponding to the variables in the model), we can derive:

L = τ + χ y (22) 
where

χ = χ Λ * Υ * and τ = Υ * Λ * (χ -Λ * Υ *
) is a measure of the regulator's discretion given by the difference between the targeted level of credit-to-GDP ratio defined by the regulator and its steady state level.

Equation 22 shows that by targeting a certain level of Credit/GDP (χ = Λ * Υ * ), the regulator is looking to make credit grow at a stable pace with regards to output (given by χ ) and adjusts by the discretion parameter τ . Disproportionate growth of credit relative to output implies that the economy is accumulating liabilities at a rate that is increasingly out of line with its capacity to generate the cash flows to honor them, and so a macroprudential intervention is justified. Applying this reasoning to our two-country framework, we get the optimal loan supply steady state deviations (L c s ) op = τ c + χ c y c and (L p s ) op = τ p + χ p y p . Solving L c s = (L c s ) op and L p s = (L p s ) op for M aP c and M aP p , respectively, we get the optimal national macroprudential rules:

M aP c = κ c yc c d -κ c n i n -κ c τ τ c (23) M aP p = κ p yp p d + κ p yc c d -κ p n i c n + κ p M aP c M aP c -κ p τ τ p (24) 
Naturally, due to the spillover, the periphery regulator reacts to the policy set by its counterpart. Much like an emerging country central banker raises interest rates to prevent a sudden stop when the Federal Reserve tightens its policy stance; the periphery regulator raises the CCyB to counterbalance the wave of interbank liquidity. However, depending on the scenario, the spillover may or may not be malign:

• In the case of asymmetric shocks, for instance, the spillover is stabilizing. Let's consider the case of perfectly asymmetric demand shocks: the core experiences a boom, while the periphery is in recession ( c d = -p d ). In this case, the surplus interbank funding is a welcome amortizing mechanism to the ongoing credit crunch, making the regulator's task easier to achieve.

• However, in the case of symmetric shocks ( c d = p d ), the situation gets more complex. In the event of a synchronized boom, the core MaP spillover will exacerbate credit expansion in the periphery. As long as the CCyB does not reach its upper bound33 , the regulator can absorb the spillover. The stronger the reaction of the core regulator, the stronger the credit boom in the periphery and therefore a more aggressive reaction is warranted from the periphery regulator to achieve the same results. Since procyclicality is inherently stronger in the periphery, the shock will exhaust the periphery's stabilization capacity before the core's. Beyond this point, the periphery will start accumulating unsustainable imbalances and grow closer to a systemic crisis; a situation that poses danger to the entire Euro area.

By construction, the national stabilization rules ( 23) and ( 24) achieve a perfect stabilization result for both countries, so long as MaP is not pushed to its limit. Nonetheless, if regulators in volatile economies find themselves overburdened, it is worth asking if there is a case for the core regulator to internalize the spillover.

5 The case for internalization under synchronized booms [START_REF] Poutineau | Global banking and the conduct of macroprudential policy in a monetary union[END_REF] and [START_REF] Brzoza-Brzezina | Macroprudential policy and imbalances in the euro area[END_REF] conclude that a policy regime based on national stabilization rules similar to the ones in the previous section outperforms a supranational regime that stabilizes an area-wide credit aggregate. However, one can inquire if the way in which they model the supranational rule is consistent with the underlying logic of countercyclical MaP, and if this is the only possible form a supranational rule can take. To see the shortcomings of the area-wide credit aggregate rule, it is useful to reexamine why the MaP regulator seeks to stabilize national credit. The literature has shown, across countries and time periods, a positive relationship between, on one hand, the frequency and severity of financial crises, and on the other, excessive credit expansions 34 . It is therefore logical to target national credit aggregates in the national regime. However, this logic cannot be bluntly transferred to the EMU level. In fact, the aggregate area credit national rule works on the misguided assumption that a country's contribution to the area's systemic risk is proportional to its weight in the aggregate area credit cycle. This ignores the fact that, due to the EMU's fragile design, there is a strong risk of contagion between member states, more so than between any other set of deeply integrated economies 35 . Therefore, if a national regulator is conscious of this interdependence, and if its MaP policy stance can have destabilizing effects on other member states; then it cannot be indifferent to the situation of its neighbor even if only to ensure the long-term stability of its own national jurisdiction 36 . In a scenario of a strong synchronized boom where the periphery regulator's stabilization capacity has been overburdened, the core regulator may rationally ask if it worth adjusting its own policy stance so as to alleviate the destabilizing effect of the interbank spillover. The spillover may be seen here as a negative externality produced by the core's MaP; and so its effect can be internalized in the regulator's loss function. For the rest of this section, we will assume a scenario of symmetric shocks in which the periphery's MaP has reached its upper bound, denoted by a (M aP P > a ↔ CCyB > 2.5%) Formally, the core's "internalization regime" would minimize the loss function: 37 :

LF c M aP = 1 2 ( Λ c Υ c - Λ c * Υ c * ) 2 + 1 2 ( Λ p Υ p - Λ p * Υ p * ) 2 (25) 
Or, written in terms of our model's variables (log-deviations form the steady state):

LF c M aP = 1 2 ( L c y c -1) 2 + 1 2 ( L p y p -1) 2
As before, we use this loss function to compute the core MaP reaction function under internalization:

M ap c I = θ yc c d -θ yp c d -θ n i n + θ M aP M aP p -θ τ c τ c + θ τ c τ c (26) 
In contrast to the national rules regime, it is now the core regulator that reacts to developments in the periphery: since a tighter MaP stance exacerbates the credit boom in the periphery, the regulator makes a downward adjustment to his MaP stance according to the strength of the periphery's demand shock. The resulting core policy stance should yield a better credit stabilization outcome in the periphery, but at the cost of worsening its domestic performance since any change involves deviating from the first-best choice as defined in the national regime. To some extent, this amounts to tolerating some financial instability at home to assist the neighbor in preventing an imminent systemic threat. The desirability of this "internalization regime" would therefore have to be assessed by computing the net loss or gain of these two countervailing effects. 38 . We therefore compute, for each country, the net loss from internalization as the difference between the realized loan supply in each of the two regimes:

Loss c = (L c s ) Int -(L c s ) N at (27) Loss p = (L p s ) Int -(L p s ) N at (28) Loss EM U = Loss c + Loss p (29) 
the powerful "doom loop" between sovereign and bank solvency, contagion on the sovereign bond market can quickly degenerate into a systemic crisis [START_REF] Acharya | A Pyrrhic Victory? Bank Bailouts and Sovereign Credit Risk[END_REF][START_REF] Brunnermeier | The Sovereign-Bank Diabolic Loop and ESBies[END_REF]. 36 In other words, it is not necessary to adopt a supranational MaP mandate to justify rules that react to conditions in other members, it is only necessary to recognize that national systemic risks are interrelated.

37 There is no equivalent for the periphery, since at this point its MaP has become inoperative, a parameter of the model fixed at its upper bound. 38 We should note that, since the objective is to prevent financial crisis in any of the two economies, national losses are not weighted by size. A crisis in the periphery is not less costly than a crisis in the core just because of the former's inferior economic weight. This implies that the periphery in our model represents a country or set of countries significant enough such that a systemic crisis would spread to the core.

Relative to the national regime, The internalizing regime should allow for a reduced credit boom in the periphery (Loss p < 0) at the expense of a now positive credit boom in the core (Loss c > 0). For internalization to be beneficial on the whole (Loss EM U < 0), it is necessary for the periphery credit boom to shrink by more than the now positive boom in the core 39 . Therefore, the conclusion will inevitably be an empirical question to be assessed in real-time; it will depend on the strength of the substitution effect by core banks and on how much more volatile the financial cycle in the periphery is.

To illustrate, we calibrate the model using Euro area specific parameter values estimated in the literature 40 and simulate a range of synchronized positive demand shocks ({ c d , p d } ∈ [0, 1]). Figure 1. a, b and c depict, for the core, the periphery and the Union (respectively), the loss incurred as the core transitions to an internalizing regime. The white line depicts the couples of shock values that bring the periphery MaP to its upper bound; from this point onward the core regulator chooses to internalize. By doing so, it incurs a positive loss (fig. 1.a), but the periphery will see its loss decrease compared to the national regime case (fig. 1.b). As shown on fig. 1.c, the net effect is positive, meaning that increased credit growth in the core is more than compensated by smoothing in the periphery. In other words, beyond M aP p 's upper bound, internalization reduces systemic risk in the periphery more than it increases systemic risk in the core; and so the risk of having a systemic crisis anywhere in the EMU is lesser than under the national regime. There is therefore a net aggregate gain to internalization in a context of strong and synchronized booms 41 . 39 We remind that the deviations from target credit are expressed in relative and not absolute terms, i.e. a 5% credit boom in the periphery is equivalent to a 5% credit boom in the core, even if the latter is sure to be several times larger in absolute size. The idea is to prevent either of the countries from reaching a crisis-inducing level of credit growth.

40 Our calibration is based on the Euro area specific estimates of [START_REF] Bouvatier | Short-run dynamics in bank credit: Assessing nonlinearities in cyclicality[END_REF], [START_REF] Calza | Credit in the euro area: An empirical investigation using aggregate data[END_REF], [START_REF] Leroy | Competition and the bank lending channel in Eurozone[END_REF] and [START_REF] Smets | What horizon for price stability? ECB Working Paper[END_REF]. 41 Alternatively, it would be interesting to see if the gains to internalization differ when the CCyB is used in combination with other macroprudential instruments as in [START_REF] Carrasco-Gallego | Macroprudential policy interactions[END_REF]. Through our simple static modeling exercise, we have shown that countercyclical capital regulation can, under national stabilization regimes, produce potentially destabilizing spillover effects between members of a heterogeneous monetary union via interbank lending. If such effects were to materialize during the next expansion of the financial cycle, it is worth examining if and when alternative macroprudential regimes can perform better. This paper is not the first to tackle this kind of question, but the literature up to this point has sided with the status quo without properly accounting for the extraordinary interdependence of systemic risk between EMU member states. Instead of evaluating a supranational rule that stabilizes the area's credit cycle, we propose that the regulator in the core internalizes the spillover if and when his counterpart in the financially dependent periphery can no longer absorb it. In this sense, our result should not be interpreted as a refutation of the national regimes currently in place, as they still perform best in most states of nature. Rather, we do a scenario-building exercise that advises some degree of internalization if and when the theorized patterns materialize as more countries activate the CCyB. Of course, our result is contingent on the sign and strength of the spillover effect, the properties of which we have assumed on the basis of plausible behavior. The only thing empirical evidence tells us about macroprudential spillovers is that they are unpredictable and variable across countries and periods. Therefore, the best the policymaker can do is to be aware of the possible scenarios and the threats that they entail, as well as having some idea on how to respond.

More broadly, our policy recommendation should be further examined by considering elements outside of our stylized framework. While the CCyB is the most discussed macroprudential tool, mortgage market instruments such as dynamic limits on the loan-to-value ratio of new loans are also a pillar of countercyclical regulation. As such, they may allow for a wider stabilization margin to absorb any potential spillover. However, the institutional framework around these tools is distinctly less European: there is no harmonizing legislative framework in the image of CRD IV, ex-ante coordination protocols are less mapped out and authority over them remains strictly national. In fact, because of their very tangible distributive effects and intertwining with housing policy, in many countries the government retains significant influence over them; potentially creating political economy issues. In sum, while regulators have more power than suggested in our model, whether that power is large enough to undermine the conclusions of our thought experiment remains an open question. Another important institutional question is who makes the decision to internalize. As the only authority with a supranational financial stability mandate, the ECB is the natural candidate. National regulators could therefore continue to apply domestic mandates, with the ECB imposing a different policy stance if the area's stability calls for it. However, under the current legislation, the ECB has the power to demand a higher CCyB, but not a lower one. As such, responding to the interbank spillover scenario would require expanding the ECB's "top-up" to make it symmetrical; a reform that, to our preliminary judgment, presents little obvious drawbacks. 

Figure 1 :

 1 Figure 1: Internalization: core loses, periphery gains, favorable aggregate net effect

Figure 4 :

 4 Figure 4: EA-bound interbank lending and domestic margins (ECB )

  

Table 4 :

 4 Derived parameters for core MaP rule under internalizationParameter ExpressionReaction to the policy rate θ n =

Following the seminal contribution by[START_REF] Borio | Towards a macroprudential framework for financial supervision and regulation?[END_REF], we distinguish policies addressing the time dimension of systemic risk (procyclicality) from those focusing on the structural (or cross-sectional) dimension. This paper focuses on the first kind.

Authorities also have a mandate to cooperate with their counterparts in other member states, notably through the European Systemic Risk Board and the ECB.

The ESRB acts as a platform for coordination between national regulators (but lacks binding powers), and the ECB is the direct microprudential supervisor of the most important Banks. CCyB decisions are systematically consulted with these institutions, and the ECB has the power to impose a tighter stance. Nonetheless, barring the use of the ECB's "top-up" power, the final decision is in the national regulator's hands.

[START_REF] Darracq Pariès | Macroprudential policy in a monetary union with cross-border banking[END_REF] also build a Euro area model with interbank lending, but do not treat the question of the preferable implementation level.

See Poutineau et al. (2015).

In a model that is conceptually very similar to[START_REF] Poutineau | Global banking and the conduct of macroprudential policy in a monetary union[END_REF][START_REF] Darracq Pariès | Macroprudential policy in a monetary union with cross-border banking[END_REF] find that restricting capital requirements in core countries results in looser lending conditions in the periphery.

For a recent comprehensive survey, see Ebrahimi[START_REF] Ebrahimi Kahou | Macroprudential policy: A review[END_REF].

For other questions related to MaP in the EMU, see Darracq Pariès et al. (2011), Angelini et al. (2014), Quint & Rabanal (2014),Rubio & Carrasco-Gallego (2016a),[START_REF] Rubio | National macroprudential policies in the euro area: Flexibility vs. supervision[END_REF] and[START_REF] Brzoza-Brzezina | Crisis, contagion and international policy spillovers under foreign ownership of banks[END_REF].

At its pre-crisis peak in Q4 2008, the Euro Area cross-border interbank market surpassed 4 trillion EUR in size, while bank lending to non-banks stood at roughly 1 trillion[START_REF] Hoffmann | Are Banking and Capital Markets Union Complements? Evidence from Channels of Risk Sharing in the Eurozone[END_REF]. Even after the subsequent retrenchment, the ratio of interbank to non-bank cross-border lending is still almost 2-to-1.

For financial stability purposes, it is better to focus on gross capital flows rather than the current account balance[START_REF] Borio | Global imbalances and the financial crisis: Link or no link?[END_REF][START_REF] Obstfeld | Does the Current Account Still Matter?[END_REF].

A diagram depicting the structure of the model can be found in Appendix B, figure4; along with a summary of variables and parameters (tables 1 and 2).

Endogenizing monetary policy through a Taylor Rule encumbers the model without adding any insights, the effect of monetary policy reaction does little to affect the result; hence we exogenize it to keep the model tractable.

Except for interest rates and inflation which are simply expressed in deviation from their steady-state level.

This comes from structural characteristics that make the periphery more volatile, such as the higher prevalence of variable-rate lending documented by[START_REF] Rubio | Housing-market heterogeneity in a monetary union[END_REF] and the precipitous liberalization process in the run-up and after unification.

Originally, this approach is inspired by the seminal work of[START_REF] Bernanke | Credit, Money, and Aggregate Demand[END_REF].

This is due to the opportunity cost of alternative risky investments, when rates rise the return on this kind of assets typically increases by more than that of deposits, making them less attractive

As stressed by[START_REF] Borio | Global imbalances and the financial crisis: Link or no link?[END_REF], in a fractional reserve banking system where monetary policy is implemented by targeting interest rates, the only real constraint on credit growth is how much banks are willing to lend given their expectations of future growth, perceptions of value and risk, the price of liquidity, the regulatory regime and the availability of willful borrowers.

 18 We name this term "Minsky's residual" after[START_REF] Minsky | Stabilizing an unstable economy[END_REF], who insisted on the role procyclical expectations for the determination economic

fluctuations.19 This is visible, for instance, in the loosening of lending standards that typically go hand in hand with credit booms.

See Borio (2014), p.5: "[Mobile financial capital]adds an external source of finance that boosts further domestic financial booms. In fact, almost by definition, external funding is the marginal funding source.[...] In particular, the cross-border component of credit tends to outgrow the purely domestic one during financial booms, especially those that precede serious financial strains "

In fact, share buybacks are an increasingly common practice both within and outside the banking industry. This is why, in contrast to DG, we do not consider bank capital as loanable funds; we assume that all profits are distributed to shareholders.

For an in-depth look at the transmission mechanism of the CCyB, see[START_REF] Tayler | Macroprudential regulation, credit spreads and the role of monetary policy[END_REF] or[START_REF] Gerali | Credit and Banking in a DSGE Model of the Euro Area[END_REF].

In the interest of tractability, we assign a zero risk-weight to interbank loans.

In contrast, the reciprocity mechanism requires banks to apply the foreign country's CCyB to cross-border exposures if the borrowers are NFAs. Exposures to banks are exempt from mandatory reciprocity.

In appendix C, we provide a microfounded argument to illustrate our reasoning.

Since the determination of the optimal national loan supply is identical for both countries, we temporarily suspend country-specific notation to lighten the reading.

The common understanding is that the CCyB can be raised up to 2.5%, but regulators can go beyond. However, doing this would likely be a controversial and politically sensitive decision, given MaP's well documented vulnerability to inaction bias and that capital standards are significantly higher today. Even then, there is always some limit to how much regulatory capital they are willing to impose.

See, among others, Schularick & Taylor (2012),[START_REF] Drehmann | Total credit as an early warning indicator for systemic banking crises[END_REF] and[START_REF] Alessi | Identifying excessive credit growth and leverage[END_REF].

During the crisis, members that were seen by investors as similar to others in trouble were punished on bond markets above and beyond what was justified by fundamentals[START_REF] Tola | Deciphering financial contagion in the euro area during the crisis[END_REF][START_REF] Beirne | The pricing of sovereign risk and contagion during the European sovereign debt crisis[END_REF]. This concerned mostly the periphery, but had begun to affect high-debt core countries like Belgium and France. Due to

We would like to thank the referee for his/her helpful comments, the participants of the Larefi seminar, the Journées Internationales des Risques 2018, the 8th INFER/IWH Workshop on International Capital Flows and Macroprudential stability and the 20th INFER funding provided under the "Bank governance, financial stability and macroeconomic performance" research contract.

Appendix A: Selected stylized facts To derive the in-fine expressions of the national MaP rules (23 and 24), we first compute the initial response of MaP to deviations in credit without accounting for the second-order effects on output and interest rates. Formally, we solve L s = L * s for MaP without substituting y, i c and i IB for their expressions IS c,p , F F c,p and F F IB , yielding these auxiliary macroprudential rules:

In order to compute the coefficients in the periphery's MaP rule, we also need to have the in-fine expression of the interbank rate, given by:

We then substitute into (30) and ( 31) the expressions of i c (19 and 20), y (1 and 2) and i IB ; yielding the national rules that we use for our calibration:

In order to compute the coefficients in the periphery's MaP rule, we also need to have the in-fine expression of the interbank rate, given by:

Where the values of the coefficients are as follows: 

Reaction to the regulator's discretion κ c yc = Reaction to the core's MaP

Reaction to the regulator's discretion

An analogous process is used to derive core MaP rule that minimizes the internalizing loss function (25), resulting in the aforementioned core MaP rule under internalization:

Appendix C: Microfoundation for the spillover effect

The nature of the spillover effect in our model is very related to the hypothesis that a tightening of the CCyB results in an expansion interbank loan supply by the core bank (eq. 16). To support this intuition with a microfounded argument, we propose an elementary microeconomic optimization program for a bank that maximizes shareholder returns and inspired from the classic literature on the theory of the banking firm [START_REF] Klein | A theory of the banking firm[END_REF]. For the purposes of this exercise, we introduce bank capital K into the framework, remunerated at rate r. We assume that the bank does not wish to adjust to the regulatory tightening by raising capital, as this would dilute individual shareholder returns, so the capital stock is held constant(K = K). The bank's profit equation may therefore be written as:

Where L is the bank's domestic loan portfolio, IB outward interbank loans and E the bank's external funds: household deposits and central bank refinancing, both remunerated at the policy rate 42 . Rearranging the terms, we can write return on equity:

The first constraint the bank faces is the balance sheet constraint:

42 To simplify, we assume a null premium on deposits. These are a given stock; all adjustments come from central bank borrowing.

It also faces a capital requirements constraint K RW A = CR, which we rearrange to:

where w L and w IB are the risk coefficients in risk-weighted assets and CR is the prevailing minimum capital requirements rate. A macroprudential tightening would entail a higher value for CR.Given a fixed amount of equity capital, the bank chooses its investments (domestic loans and foreign interbank loans) and its residual external funding (central bank refinancing) to maximize shareholder returns (the rate of return on equity capital) 43 . The bank therefore solves:

The corresponding Lagrangian function is:

The first order conditions to this problem are:

By differentiating the expression of IB in (42) with respect to CR, we can examine the marginal effect of increased capital requirements on the supply of foreign interbank lending:

Since i n < i IB < i c , the numerator in the above term is the sum of two products between negative terms and therefore is necessarily positive. Given that the denominator is also necessarily positive, this means that raising capital requirements increases the supply of interbank lending.

43 Standard maximization of total profits yields an equivalent final result.