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Abstract

To understand the international nature of the macroprudential policy and the potential cross-border
regulatory leakages these imply we develop a three-country center-periphery framework with fi-
nancial frictions and limited financial intermediation in emerging economies. Each country has a
macroprudential instrument to smooth credit spread distortions; however, the banking regulations
can leak to other economies and be subject to costs. Our results show the presence of cross-border
regulation spillovers that increase with the extent of financial frictions, that are driven by the capacity
of the regulation to limit aggregate intermediation, and that can be magnified if policymakers are
forward-looking. We discuss the policy implications of the resulting macroprudential interdepen-
dence and the potential scope for policy design that improves the management of the trade-off
between mitigating the financial frictions and curtailing intermediation.
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1 Introduction

Over the past few decades there has been a global trend toward financial globalization, which
despite being driven by the intention to direct resources to their most productive destinations,
has led to higher volatility in financial markets, global imbalances, and a global financial cycle
that disproportionately affects emerging economies (Rey, 2013; Miranda-Agrippino and Rey,
2020). To address these issues, policymakers have implemented new macroprudential regulations
such as those in the Basel Accords, and established new institutions, including the Financial
Stability Board. The effectiveness of these regulations has been extensively evaluated, along with
their broader effects, leakages and externalities.! However, although observed empirically, these
leakages are less understood in terms of their functioning and driving mechanisms (Forbes, 2020),
for example, it would be relevant to understand their nature or what generates them, and whether
they create additional unaccounted vulnerabilities or, perhaps, the space for welfare improving
policy adjustments.

In this study, we develop a macroeconomic framework to explore these regulatory leakages and
related questions. We focus on an open economy environment where several emerging economies
interact with a common financial center in global markets.? For these economies, the international
consequences of nationally implemented regulations are particularly relevant, given their increased
fragility to the shocks of global markets (Chang and Velasco, 2001; Reinhart and Rogoff, 2009).
As policymakers recognize the borderless effects of their implementation, regulations in different
locations may become interdependent, prompting policymakers to react with their own toolkit
in response. As a result, policy frameworks that internalize such cross-border linkages could be
better poised for managing the fluctuations dictated by global financial while better balancing the
costs and trade-offs of regulation.’

We investigate the nature of international policy spillovers and how they are shaped by the
presence of financial frictions and the direction of the policy leakages. Our study is innovative in
that we explore a framework with multiple peripheries that jointly, can become a relevant entity
for their common financial center but that still depend financially on the latter economy given it
acts —through their banking sector—as a global creditor. In this setup, the economies trade-off

their incentives to mitigate their financial frictions with those of boosting financial intermediation,

1See for example Hahm, Mishkin, Shin, and Shin (2011), and Akinci and Olmstead-Rumsey (2018), among others, for
a review on their effectiveness; and Aiyar, Calomiris, and Wieladek (2014), Aizenman, Chinn, and Ito (2017), Coimbra
and Rey (2017), and Buch and Goldberg (2017) for discussions on empirical evidence for their external spillovers.

2Although the most salient examples of potentially coordinated policies at the emerging level are situated around
the financial regulatory framework of the peripheral European economies and their reporting to the European Systemic
Board (ESRB) —see Dennis and Ilbas (2023), our study is more generally concerned with the stance of any set of
emerging economies that face interactions with a common financial center and that, for example, may choose or not to
abide by a common set of recommendations by global institutions outside their domestic jurisdiction.

3The costs of these regulations are attributed to their implementation, increases in operational costs of the financial
sector, and subsequent effect on lending rates (see, for example Eling and Pankoke, 2016; Elliott and Santos, 2012), but
are also given in terms of their macroeconomic impact as discussed in Richter, Schularick, and Shim (2019); Kim and
Mehrotra (2022).



and the resulting actions will potentially impact the financial (and policy) conditions in other
locations.

We consider the presence of the banking sector explicitly in our framework along the lines of
Gertler and Kiyotaki (2010), Gertler and Karadi (2011), Adrian and Shin (2010), but extended to an
open economy environment as in Céspedes, Chang, and Velasco (2017), with the difference that
we allow for a multi-peripheral economic structure.* Therefore, this work is related to the studies
exploring whether changing financial conditions increase the extent of policy interdependency
(e.g., in Fujiwara and Teranishi, 2017; Banerjee, Devereux, and Lombardo, 2016; Agénor, Jackson,
Kharroubi, Gambacorta, Lombardo, and Silva, 2021).> We build on these studies with a focus
on macroprudential interventions and potential cross-border linkages between different types of

financially integrated economies.

To introduce a meaningful role for prudential policies, we consider a setup with financial fric-
tions caused by a limited enforcement agency distortion as described by Gertler and Karadi (2011)
and Mendoza (2010), which will be more prevalent in emerging markets and leads to a default
premium on interbank lending relationships, amplifying the scale of financial intermediation, and
potentially shaping the international financial spillovers. We examine the existence and nature of
cross-border policy spillovers and evaluate the effectiveness of several policy regimes in mitigating
this distortion and smoothing the credit spreads. Specifically, we consider a macroprudential
instrument that taxes banking sector revenues, similar to Agénor, Jackson, Kharroubi, Gambacorta,
Lombardo, and Silva (2021). It is worth noting that this policy tool may impact capital flows
across borders and could be seen as a form of capital control. However, we argue that it is better
described as a macroprudential tool with potential capital flows implications. To see this, we first
demonstrate that it is equivalent to a leverage-ratio requirement, and secondly, we note that it
primarily regulates the scale of financial intermediation, which could be international or domestic,
without significant effects on capital flows.°

Our framework is set as a large open economy model similar to Banerjee, Devereux, and
Lombardo (2016), or Agénor, Jackson, Kharroubi, Gambacorta, Lombardo, and Silva (2021), but
with the abstraction from monetary policy concerns. This simplification enables us to extend

#See Brunnermeier, Eisenbach, and Sannikov (2013) for a literature survey on the macroeconomic implications of
financial frictions and the existing approaches to model the banking sector.

°A related literature preceding this question and our paper (e.g., Obstfeld and Rogoff, 2002; Devereux and Engel,
2003; Corsetti and Pesenti, 2001; Fujiwara and Wang, 2017) study monetary policy linkages and their potential for
generating gains from policy coordination under nominal rigidities and conclude that the welfare gains, if present, are
small. However, subsequent studies (Sutherland, 2004; Corsetti and Pesenti, 2005; Banerjee, Devereux, and Lombardo,
2016; Bodenstein, Corsetti, and Guerrieri, 2020) revisit this question, and the potential for more sizable welfare gains, in
presence of changing financial conditions. Our work aligns closer to this second group of studies.

®The separation line between these two types of policies has become less clear over time, as both in the literature
(e.g., Farhi and Werning, 2016; Cesa-Bianchi et al., 2018; Korinek, 2022) and policy work (IMF, 2017) has been stated
that the capital controls have systemic risk and financial stability effects and thus could be set with those effects in
mind and not only with the goal of stabilizing the exchange rates. Moreover, our setup is that of a real economy
in which the exchange rate fluctuations play not role, and the only implications of policy are those of mitigating a
financial accelerator mechanism.



the environment to that of a multi-peripheral financially integrated economy, facilitating the
examination of strategic interactions between macroprudential regulators in different types of
economies. The consideration of a large open economy is relevant when studying potential
prudential leakages; even under the standard assumption that financial centers’ regulators are not
concerned with the policy actions of smaller countries (e.g., as in Jin and Shen, 2020), it may be
the case that emerging countries decide to synchronize their policies at the regional level, in which
case there can be relevant policy leakages in both directions —financial center to peripheral block
and viceversa— that planners in each location would want to internalize. Having mentioned this,
it should be noticed that the financial center still plays a prevalent role in the global market we
consider. Hence, by accounting for such international spillovers dictated by financial centers, our
study is also related to the global financial cycle literature (Rey, 2013, 2016) and to studies on
the stabilizing role of financial regulations for emerging economies (Nuguer, 2016; Cuadra and
Nuguer, 2018).

International policy externalities manifest through several channels. First, the profits of exiting
bankers are directly affected by domestic and foreign policy tools, and these changes enter
the households” budgets due to ownership. Second, firms fund their input acquisitions with
banking loans, and the costs of these loans depend on the policy instruments. Moreover, there
is another potentially more relevant externality mechanism that implies an interlink between
financial distortions at different locations. This mechanism consists of the general equilibrium
effects of implementing a policy action. For example, if a center regulator implements a tightening
to decrease the external finance premium locally, she inadvertently decreases the cost of debt in
other locations since its creditor banks must be indifferent between funding local and foreign
projects in equilibrium; this has the unintended effect of increasing the implied financial frictions,
credit spread, and external finance premia abroad, prompting foreign regulators —in debtor
countries— to make additional policy adjustments.”

Additionally, we find that the impact of policy measures increases with the extent of financial
distortions, an outcome that aligns with the conventional wisdom that these policies are more
useful in emerging markets (Alam et al., 2019; Boz, Unsal, Roch, Basu, and Gopinath, 2020). Other
factors influencing these effects include the net foreign asset positions, the price and demand
changes in the interbank sector, and the disruption in real production activities, which is a
prevalent concern in regulation circles and recent empirical studies (e.g., Richter, Schularick, and
Shim, 2019; Kim and Mehrotra, 2022). Importantly, all of these features reflect a policy trade-off
faced by the financial regulators—they must balance their intention to mitigate the financial
frictions with the impact of more stringent policies on financial regulation. Moreover, the open
economy setup allows us to see that such trade-off extends beyond the border of the planner. For
example, a tighter regulation on an emerging country that curtails intermediation domestically

"This type of inter-dependent friction effects are normally not internalized by nationally-oriented regulators,
similarly to how borrowers may fail to account for the pecuniary effects of their debt in other setups, and may make
the case for coordinated policy actions along the lines discussed in Jeanne (2014, 2021) and Blanchard (2017).



will affect negatively the welfare of the center economy whose banks” act as a creditor of the

former economy.

To inquire further into the nature of these leakages, we apply another extension where repeated
financial intermediation with profits retaining is incorporated into the framework to allow for
richer—and more empirically plausible—policy dynamics. In this case, the policy decisions
become dynamic in the sense that current policy changes start having effects on future balance
sheets (and profits) of the banking sector. In this context the policy effects —direct and leaked
across borders— are magnified, increasing the interdependency of policy across economies.

Finally, we explore the implications of these framework for policy design. We find that optimal
policy configurations prompt emerging economies to prioritize mitigating their frictions, while the
center reacts by attempting to steer higher intermediation flows towards the peripheries through
tighter domestic policies (which in relative terms implies looser lending conditions towards other
lenders abroad). These policies imply strong interventions that can be costly, which we illustrate
by reporting optimal policies for alternative regimes where regulators internalize their effect on
the rest of the world’s welfare. In such cases, planners can afford to minimize regulatory wasteful
actions by enacting the same effects with more conservative interventions. Importantly, we verify
that policies are impactful enough to mitigate the financial friction in all regimes, but that the
cost (and aversion) of intervening might open the scope for welfare-inducing coordinated policy
frameworks.

There are several strands of literature related to our work. First, our study intends to provide a
framework consistent with the empirical findings on macroprudential linkages across borders;
these consider the studies on how financial regulation can affect foreign agents and markets
(Buch and Goldberg, 2017; Forbes et al., 2017; Forbes, 2020), as well to how prudential policies
implementations can leak financial (in)stability to other economies (Aiyar, Calomiris, and Wieladek,
2014; Tripathy, 2020). On the other hand, related literature has produced two-country large open
economy frameworks to explore the interdependency of macroprudential regulators; for example
for interactions between regulators in a monetary union (e.g., Rubio and Carrasco-Gallego, 2016;
Agénor et al., 2021; Dennis and Ilbas, 2023), or for interactions between emerging and advanced
economies (e.g., Nuguer, 2016; Cuadra and Nuguer, 2018); our framework is similar in exploring
regulatory interactions, but differs in that it considers a multiperipheral structure that permits
us to see which effects arise between seemingly disconnected (emerging) countries that share a
common financial center.®

On the other hand, our work explores optimal policy design implications of countries that in
principle may choose to coordinate their policy decisions. In that sense, although performing a
comprehensive welfare accounting exercise is beyond the scope of our setup, some implications
are similar to studies on macroprudential policy cooperation (e.g., Davis and Devereux, 2022;

8Less closely, our work also relates with studies on macroprudential policies in small open economies such as
Reyes-Heroles and Tenorio (2020), and Jeanne and Korinek (2019)



Korinek, 2016; Bengui, 2014; Jin and Shen, 2020; Kara, 2016, among others).”

The rest of the paper is organized as follows: section 2 explains the baseline model, section
3 describes the cross-border policy leakages, then in section 4 we extend the baseline setup to
explore dynamic policy decisions. In section 5 we discuss the implications of our results for policy
design, and finally we conclude.

2 The Model

Our framework is based on Banerjee, Devereux, and Lombardo (2016), meaning that it essentially
follows the banking sector modelation of Gertler and Karadi (2011) applied to an open economy
setup. In this paper, however, we introduce a multiperipheral environment, where the peripheric
block of the economy is allowed to have several emerging economies that interact with one
financial center. At the same time it includes a macroprudential policy in the form of a tax to
the return on capital as in Agénor, Jackson, Kharroubi, Gambacorta, Lombardo, and Silva (2021)
and Aoki, Benigno, and Kiyotaki (2018), among others. The advantage of this formulation is that
the policy instrument will be attached directly to the credit spreads that are augmented by the
friction and drive the capital flows at the cross country level. On the other hand, to keep the
model simple, our initial formulation will only consider a simple financial intemediation period,
but this is extended in the later sections.

2.1 Economic Environment

The main feature defining whether a country is an emerging economy is that its financial sector
has a limited intermediation capacity, meaning it is unable to issue deposits claims for their
households to some extent. As a consequence, it will have to resort to the international financial
banking sector to make up for the difference and being able to meet their firms” funding needs.
This environment is depicted in Figure 1, where the red arrows represent financial flows.

Such structure implies that the emerging economies are financially dependent on the funding
from center banks, and in an environment of imperfect information in the lending contracts this
could imply a double layer of agency frictions in the economy: that between center households
and banks and another one between global banks and emerging country banks. We also we
assume the friction is more accentuated in the peripheries.

For simplicity, the real sector will consist only on one consumption good and there will be no
deviations from the law of one price. Preferences are identical between agents, implying the parity
or purchasing power holds and the real exchange rate will be constant (equal to one), playing no

° Another branch of the literature related to this study emphasizes the possibility of interdependencies between the
actions of different types of policymakers and the macroprudential regulators. For example, De Paoli and Paustian
(2017) explores potential regulatory coordination between monetary and financial regulators in a closed economy
context, while Quint and Rabanal (2014) explore the implications of macroprudential regulatory actions for monetary
policy coordination in the Euro area in the context of currency unions.



role in this version of the model. Additionally, the households will have access to an international
market of non-contingent bonds. This is relevant as it implies that, despite the limited capacity to
hold deposits, the saving decisions of emerging economies” households are not curtailed in any
way once they trade these assets.

Figure 1: Financial flows environment in the model

Households Households
(EME 1) Int. bonds market (EME 2)
Households

Limited capacity (Center)
of intermediation

ﬁ {} {} Banking revenues
affected by
prudential tool

Firms Firms Firms

(EME 1) (Center) (EME 2)

I:l Financial flows I:l Repayment of banking loans

Note: All arrows denote financial flows. The blue arrows, in addition, refer to flows that are paid to the banks by their
borrowers. This latter type of flow —or specifically the associated rate of return perceived by financial intermediaries—
is the one affected by the prudential regulations in the model.

Finally, the lending relationships are subject to a limited enforceability friction which induces
an external finance premium and augments the scale of intermediation and credit cycles. The
external premium takes the form of an increased return rate for the banks which raises their
—expected, and eventual— revenues. Such revenues, will be targeted by the macroprudential
regulation meaning it will attack the financial friction at its origin.

2.2 Timing and Countries Setup

The world consists of three economies that live for two periods ¢ = 1, 2. The economies are indexed
by i = a, b, ¢, the first two will be emerging countries (a and b) and the third one is a developed
economy that acts as financial center (c). The relative population sizes of the economies are n;
with 1 — (nq +n,) > . Each economy has five types of agents: Households, final consumption
good producers, capital producers, banks and a government sector.

As mentioned before, preferences across countries” households are identical and there is only



one final consumption good worldwide that is freely traded and produced in all locations. In
terms of notation, superindexes denote the country, while subindexes refer to other features
such as the sector of the economy and time periods. Additionally, if a superindex is ommited it
normally means that the variable or equation applies to the three countries.

2.3 Investors

For simplicity, the investment decision is separated from the other household decisions and will
be subject to adjustment costs. Physical capital is produced in a competitive market by using
old capital and investment. The depreciation rate of capital is 1 — (1 — §)¢&/, where &/ represents
a capital quality shock with expected value of one. The investment will be subject to convex
adjustment costs, with the total cost of investing I being:

cu=n (1§ (%)),

where I represents the reference level for defining the adjustment cost; The reference level is
usually set at the steady state, the previous level of investment or a combination. In any case, it
must hold that C'(0) =0, C”(:) > 0.

The capital producing firms (investors) buy back the old capital stock from the banks at price
Q' and produce new capital subject to the adjustment costs.

T 2
IHIEILX Q1]1—11<1+g<[1_1) )a

the optimality condition (F.O.C.) is,

e aere§ (o) i)

The investor solves:

2.4 Firms

The firms will operate with a Cobb-Douglas technology that aggregates capital. Being predeter-
mind, the capital in the first period will be provided directly by the households in the quantity
Ky. However, in the next period, the emergent economy will rely on foreign lending for funding
capital accumulation, and then, the firms will fund their capital (K) with banks” lending.

The capital dynamics for the only period of accumulation are, K1 = I + (1 — §)&1 Ko, and the
technology that aggregates capital inputs into final goods is, Y; = A;(§K;—1)®, where A; is the
aggregate productivity, and £ a capital specific productivity shock. Given the model’s timing,
there is only one period of intermediation (¢ = 1) when lending is extended to acquire capital for
production in the final period (¢t = 2). On the other hand, the capital used for production in the
initial period is given and held by the households.



With that, the firms solve a slightly different problem each period. First they decide how much
capital to rent from households:

max 71 = Y, — r1 Ky,
Ko ’

s.t. Y1 = Al(flKo)a,

Which yields from the optimality condition: r; = ozAlg‘f‘Kg‘*l. For the second period, the firms
take into account the cost of funding and the revenue of selling the remaining capital stock to
capital good producers that carry out the necessary investment to build the capital stock for the
next period.

In the second period the firm will solve:

max 7y, = Yo + Q2(1 — 0)6 K1 — Ry 2Q1 K1,
1

s.t. Y2 = A2(£2K1)a.

With EO.C,,
[K4] : aAr&S K + (1 - 6)62Q2 = RpaQu.

To facilitate the model notation, we follow the same definition for r9, that is, ro = €425 K 10‘_1

Substituting in the optimality condition for K; we obtain that the rate paid to the banks by

i is oi B +(1=5
the firms is given by Ry o = %&

. Moreover, by taking into account the possibility of a
macroprudential tax on the marginal return on capital, such as in Agénor, Jackson, Kharroubi,
Gambacorta, Lombardo, and Silva (2021), we have that the effective rate obtained by the banks,

that is, after paying the macroprudential taxes (772 K1) to the government is given by:

(1 — T)T’Q + (1 — 5)&2@2
Q1 '

Ry = 1)

For the sake of clarity, it is important to notice that the firms will pay the pre-taxes banking rate.
Only afterwards, the banks will consider the effect of the taxes in their proﬁts.10 We elaborate on

the policy tool and the role of this return rate in later subsections.'!

%With that in mind, we can obtain that the profits of the firms in the second period, after replacing the rate they
pay to banks will have the usual form (7f2 = A2(&2K1)" — r2 K1), consistent with a zero-profit competitive firm, and
therefore, the net effect of the the taxes, after the rebate to the households will be zero as usual.

"Besides the policy tool, and the effect of the after-policy rate of return on the banking decisions, it can already be
noted in (1) the role played by the adjustment costs and the capital quality shock; namely, the former is needed in
order to have a relative price of capital (Q)) different from one —which, as we will see, is meaningful in shaping the
profits of the banking sector and the effects of policy— while the latter may generate changes in the gross rate through
excessive depreciation that the policy maker may or not want to mitigate.



2.4.1 Capital dynamics and ownership

The dynamics of the model will be driven (within and cross-country) by the capital flows. For that
reason, it is relevant to clarify how capital is held, and profited from, by several types of agents in
a single period.

Figure 2: Capital ownership within a period

Firms hold K;_1 Firms sell the The households get
units of physical remaining capital the new capital K;
capital bought the units, (1 —0)K;—1 to and give it to
previous period at a capital producers at a bankers for
rate Ry, (paid in t) price Qq intermediation
| | | | | | | >
‘ ‘ ‘ ‘ ‘ ‘ ‘ >
t t+1
Production takes Investors take old Using banks’ funding,
place, the marginal capital and add new borrowed at Ry;41,
product of capital is investment to create the firms buy K
re = f(Ki—1) the new capital stock units of capital, at a

price Q: for next
period’s production.

Note: This figure describes the ownership of capital across the agents of the model for a generic period ¢. In terms of
our baseline —static— model ¢ = 1; similarly, ¢ = 1, 2 for the second setup with two periods of intermediation.

There is only one period of capital accumulation (¢ = 1). The initial capital will be given for
that period as Ky. Then, by the end of the accumulation period the capital in the economy will
be given by K;. That capital will be used for the following period’s production. The capital
ownership between agents throughout each period is shown in the figure 2, which explains a
typical period with intermediation.

It should be noticed that the capital used for production in the period ¢ = 1 cannot be subject to
intermediation since there are no banks before the rest of the agents exist (the banks themselves
are owned household agents). Therefore, the pre-existing capital stock (/) will be provided
directly from households to firms without explicit financial intermediation.

2.5 Banks

This is the target sector of the macroprudential policies. The set up is largely based on Gertler and
Karadi (2011). There is a financial intermediation sector in the first period that facilitates funding
for firms at the local level. In addition, the bank at the center is also a global creditor and extends
loans to banks in other locations. In terms of its functioning, the bank receives a start-up capital
by their owner household and will try to maximize the value of the banking actitivies, given by
the present value of its profits. Finally, at the end of its life, the bank will give back their net worth
to the households as profits.



There will be a costly enforcement agency friction where it is possible for the banks to divert
a portion of the assets they intermediate. The eventual implication of this is the imposition of a
external finance premium to the banking revenue rates, which is imposed to prevent the banks
from absconding assets and to align their incentives with those of the assets” owners. This is the
financial friction in this environment that augments the credit cycles.

2.5.1 Emerging Countries

The financial system of the emerging countries will have a limited capacity of intermediation of
deposits from local households. For simplicity, I assume that there are not any local deposits in
these economies, impliying that they rely almost entirely on foreign lending from the center banks
for providing funding to firms for production. Therefore, the balance sheet of the bank includes,
on the asset side, the lending provided to firms, and on the liability and equity side, the foreign
lending from center banks and a start-up capital they receive from local households.

The lending relationship between foreign and local banks will be subject to agency frictions,
arising from the fact that creditor banks could default on their debt repayment and divert a
portion « of their intermediated assets.'” In either case (default or not) the gross return from
intermediation for the bank is Ry2 as defined in equation (1).

The emerging market bank maximizes its franchise value in the period 1 (J;):

e __ e e _ e e e e e
max Ji = IE1A1,27Tb,2 =E; 1,2(Rk,2L1 - Rb,lFl ),

Fy,LS

s.t. L§ = F 4+ QT K§, [balance sheet]
J§ > KE1AS o RS L, [1cC]

where the L{ = Q{KY is the total intermediated lending, FY is the foreign interbank lending
borrowed from the center bank, and 0,Q{ K is the start-up capital received from households.
Finally, Aj , = Bu/(C4)/u'(C}) is the stochastic discount factor for a household in country i.

The constraints correspond to the balance sheet of the bank and incentive compatibility con-
straint (ICC); in the latter we impose that the value of the bank has to be larger or equal than the

value from defaulting.

The F.O.C. with respect to the foreign debt is:
B i+ ) (R — By) = pEikRia,

where 1€ is the lagrange multiplier of the ICC (there will be one for each emerging economy
e = {a,b}). Based on the FO.C. we can obtain an important result to understand the implications

2A bank can divert assets as soon as they get the foreign funding or after the firms pay them the loan in the last
period. In this case we assume it considers diverting after being paid by the firms. The constraint and implications are
very similar in the alternative case. We explore such case in the extended version of the model in the last section.

10



of the financial friction in the model.
Proposition 1: If the ICC binds the credit spread is positive and increases in k and

Proof: W.L.O.G. we will work in a perfect foresight setup, otherwise the same result applies to
the expected credit spread. From the FO.C. above, we can obtain:

1+ pf
Rey=—"H1 R
B2 (1 - ke !
—— —
>

® > 1 represents the proportionality scale between R}, 5 and R, ; and guarantees the credit spread
is positive in the model. The larger ® the greater the spread.

p > 0 by definition of the ICC (and the fact that it binds). Hence, it follows that,

02 p(l+p)
Ok (1—(1—r)p)?

02  2(1-kK)p—kK
o~ (1= (- mnP

The second inequality holds for . > 5% which is the case in every parametrization. M

> 0.

> 0,

2.5.2 Advanced Economy

To simplify, here we assume there is no agency problems at the Center (we relax this in later
sections). Then, the Center bank solves:

pax Ji = EiAypmy, = B1Ao(Rp, FY + Ry FY + R 5 LS — Rp,1D1),
1,41,M1
s.t. F'+ Ff + L1 = D1 + QK. [balance sheet]

The only restriction will be the balance sheet of the bank that now counts with the foreign
interbank flows on the asset side and the local center deposits on the liability side (D).

The associated F.O.C.s are:
[F7]: Ei(Rpy — Rpa) =0, [FY]: Ei(R}, — Rpa) =0, [Li]: Ei(Rpy— Rp1)=0.

An important consequence of these optimality conditions is that a policy that affects the revenue
rate R} , will have general equilibrium effects and inadvertently lower the cost of debt for debtor
economies (Rj R2,1)- This implies an interaction between the credit spreads and financial frictions

between countries that is overlooked by nationally-oriented planners.'®

BIn a subsequent section we explore the case of incorporating frictions at the Center. In such case this effect is also
present even if not as evidently.
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2.6 Macroprudential policy and public budget

Among the number of possible prudential policies'* (VaR regulations, leverage caps, loan/value
ratios, etc) we consider a general type of policy that, as explained by Agénor, Jackson, Kharroubi,
Gambacorta, Lombardo, and Silva (2021), encompasses a broad set of macroprudential regulations:
a tax (7%) on the return to capital (R}, = [(1 — 7))7{ + (1 — §)&Q2]/Q1). This will be a tax levied
on the banking sector, as shown in the equation (1).

Although prudential in nature —as it is implemented on the intermediation sector—the policy
tool can also be thought in practice as a device to impose controls on capital flows. This is the case
because the tax has the advantage of affecting directly the wedge between the return on capital
and borrowing rate (cost of funds for the bank), i.e., the credit spread, that in turn drives financial
flows at the interbank level. Thus, we are taxing the source of inefficiencies directly.

On the public budget level this is reflected as a distortionary tax funded with lump-sum taxes
in each period, i.e., we assume a balanced fiscal budget.

Ty KL+ T = 0, i={a,b,c}.

When setting the taxes optimally, each social planner might consider whether maximize her
national welfare or to join a cooperative arrangements which would dictate policy centrally.'> We
explore these cases as an additional exercise in the section 5.

A result follows in terms of the capacity of this instrument to encompass other prudential tools:
Proposition 2: An increase in the macroprudential tax decreases the leverage ratio of banks

Proof: W.L.O.G. we will work in a perfect foresight setup, otherwise the same result applies to
the expected value of the leverage. In the ICC (binding) we substitute the total foreign lending
Ff = Q{K{ — dpQiK(§ for any emerging economy e = {a,b} and solve for the total assets
L{ = Q{KY in terms of the initial net worth of banks:

Ly = o SpQiKs
Rg — (1= k)R = 17

oL

@, denotes the leverage ratio.

We can substitute Rj , = [(1 — 7¢)r5 — (1 — 0)§5Q2]/Q1 and differentiate with respect to 7¢:

dor _ (=mR0H
ore ~ " (Ry, — (1— ne) Ry )%QS

4see Cerutti, Claessens, and Laeven (2017) for a detailed classification of macroprudential policies
>This would be an analogous to the empirically plausible case of centralized regulations at the regional or multina-
tional level as those implied by monetary unions of policy recommendations by multilateral institutions.
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This result takes into account that the denominator is never zero given the ICC is binding and
the credit spread is positive. B

A direct implication of this result is that, as mentioned above, the tool we assume has analogous
implications in terms of the standard macroprudential policy toolkit (e.g., leverage ratios).'®

2.7 Households

The households derive utility from consumption and its lifetime utility is given by U’ = u(C}) +
Bu(CY) with u(C) = ¢

i— - The budget constraints in each period are the following:

Emerging markets:

By
Ry
C3 =759+ mpo+ Bf —=T¢,  fore={a,b},

CT + =riKG+ 751 + M1 — Q1K

where C is the final consumption good, B a non-contingent international traded bond, r; the
rental rate of capital, ) the relative price of capital, K the capital stock and 7' is a lump-sum tax.
Additionally, 7 stands for profits which can come from production activies in final goods (f),
capital goods (inv) or banking services (b).

Advanced Economy:

C

B
Cf + e + Dy = 1K + 751 + 761 — BQTKG,
1

C5 = w;,z + 7o+ B+ Rp1D1 —T¢,

where the advanced economy also includes local deposits D in the budget constraint as these are
intermediated by their banks. Additionally, the profits are given by:!”

7Tf71 = Alf?Kgl — TlKo
Tpo = Al KT + Q2(1 — 0)&a K1 — Ry pQ1 K1

T 2
Tinw,1 = Q111 — Ih (1 =+ g (; — 1) )

77572 = RE,QQTKf - Rg,lFlea for e ={a,b}
T = Ry FT + R’é,lFf’ + Ry 2 Q1KY — Rp1Dy

!%The actual prudential toolkit has been growing in terms of number of policy instruments, frequency and number
of countries using them. As of 2019, there are about 18 macroprudential instruments, that include direct taxes, leverage
ratios and capital requirements, among others. See Alam, Alter, Eiseman, Gelos, Kang, Narita, Nier, and Wang (2019)
for a comprehensive summary of the number of macroprudential tools used in practice.

"The firm’s profits are zero for both periods. Moreover, given the value of 7> we can get from the firm optimality
condition that the profits in the second period are also equivalent to 7> = A2 Ki* — r2 K.
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In the first period, households maximize their life-time utility stream subject to the budget
constraints for the first and second periods. The F.O.C. for the three countries” households are:

u'(C1) = BRIEL[W/(C2)],  W/(CY) = BRp1E1[u'(CF)],

where the first equation is the Euler equation for bonds and applies to the three economies, while
the second is the Euler equation for local deposits and holds only for country c.

2.8 Market Clearing

At the world level bonds are characterized by zero-net-supply,
naB{ + npBY + n.B§ = 0.

The goods market clearing conditions for each period are

Na (C{Urlf (1+g(§—1>>>+nb (C{HLI{’ (1+§<II_{)—1>>>

IC
(e (05 (1)) -t st

nacéz + nbcg + ncCgc = naY2a + nb}/Qb + TLCYZC

Finally, given that there is only one final good and the law of one price holds (so that the real
exchange rate in all cases is one), we have by an uncovered interest rate parity argument that:
R¢ = R} = R§ = Ry, where R; denotes the world interest rate on bonds in period 1.

Exogenous processes We consider two potential sources of exogenous variation in the model
that are subject to shocks. First a productivity technology shock: A} = paA] | + 0a€)y, with
€y, ~ N(0,1), and a capital quality shock ¢ that affects the stock of capital in the production
function and the depreciation rate, given by & = p5§§_1 + ageg’t with eét ~ N(0,1).

2.9 Equilibrium

Given the policies {7¢, 7%, 7¢}, the equilibrium consists of prices {Q}}, rates { Ry, 7.2} and quan-
tities { B}, K%, Ff, D, C{, I}} for t = {1,2}, with i = {a,b,c}, e = {a, b}, such that the households
solve their utility maximization problem, the firms solve their profits maximization problems,
banks maximize their franchise value, and the goods and bonds market clear. The simplified
system of equations of the model we use to solve it is reported in table Al in the appendix A.
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3 Policy Welfare Effects Between Economies

As a first approximation we can verify analytically the welfare spillover effects between economies
from prudential policy actions. We set the welfare based on a social planner problem along the
lines of Davis and Devereux (2022) in order to find the equilibrium welfare effects of a change in
the policy tools: Let the welfare of country i be expressed as W' = U’ + \{ BCY + A, BCY,

We = U* + XS (rgKg 1y T — BQEES — CF — gg)
+ BN (n§o+ Moo+ B —T° = C5),  fore={a,b}

We = U° 4 X <r§Kg Sy — BQSKE — CF — ng - Dl)
+ B (752 + Mo + B + Rp Dy — T° = C5).

This problem is analogous to a standard planner problem. Nonetheless, the optimality conditions
(equilibrium allocations) for other agents are accounted for by the planner. We substitute the
profits for banks and firms in accordance with the private equilibrium (ICCs included), the tax

rebates and some of the interest rates (that in equilibrium are equalized):

e e (& e e e e\« ere (& e Be
W =u(CY) + Bu(C3) + Ai <A1(§1K0> +QiIT — C(I7) — Cf — Ri)

+ 835 (0 A5 KD + n°(1 — O)5Q8KT + B — C3 ). for e = {a,b)

BC
W= () + Bu(C5) + X (ARG + Q1 — €U~ CF - Df - )

+ B (A§(£§Kf)°‘ ©REFE 4+ RO FY + (1— 6)ESQSKT + B — 05) .

with ¢(7¢) =1+ (k= 1)(1 — 7%)a.  for e = {a, b}.

We can see that, for the emerging markets, the direct effect of the regulation tax is not inmediately
eliminated from the welfare, even from the perspective of the planner. This occurs due to the
effect of accounting for a binding ICC in the profits. Conversely, in the advanced economy and in
absence of financial frictions, the rebate cancels out with the taxed revenue in the second period.

From these welfare expressions we will obtain the effects of taxes, via implicit differentiation,
and will simplify our resulting expressions by substituting additional optimality conditions from
the Private Equilibrium. It is also worth noting that the convenience of this method relies on the
decrease in the number of variables that we must consider as we can ignore the effects on decision
variables of the households. For the latter, the optimality conditions (that are equal to zero) will
always be a factor of the tax effect on each variable and hence will be canceled out.
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3.1 Domestic Effects of Policy
The direct —or domestic— welfare effect of the tax for the emerging economies is given by,'®

awe

dre

dQf n Bf dRy
dre Ry dr@

dK¢
dre

+(o(7)r3 + K41 = 0)63Q3)

_ g {RJ? fa(l— m);@}

The same functional form applies for b.
Each term in this expression is associated with a source of variations on the welfare:

Changes in investment profits: The first term corresponds to changes in the investment profits and
its sign depends on whether the country is investing above or below the reference level in the
adjustment cost function. For our parameters and initial state values the sign is positive.

Changes in external assets position: The second term, reflects the welfare effects from changes in

dRy
dre

banks. The sign of the whole term, however, depends on the sign of %ill (net foreign assets) which

the international debt position. is negative as there is a lower demand for funds by the levied

is positive for emerging markets (and negative for the center).

Change in welfare by distorting K accumulation: The third term reflects the change in welfare after
hindering capital accumulation, hence, it will be proportional to the change in physical capital
holdings and to the sources of profit from holding capital, i.e., the marginal product of capital as
well as its after-depreciation resale value. The sign of this term is negative as capital accumulation
lowers with a tax raise.

Finally the last term reflects the direct effect of the policy tool on welfare. Even from a planners’
perspective, this effect will not cancel out for the emerging markets (as in the center) because
of the presence of a binding ICC for these economies. Its sign is positive. We can see there are
offsetting welfare effects. Moreover, the signs and magnitudes depend on the reference point and
scale of the policy change that each country planner would plan to implement.'’

For the center economy the effect is:

awe dQi BidR dKY dFg  dFp dR;
=6A5{R1F Ay 1+<r5+<l—6>£5@5>de+Rz,1< Ft 1)+ b’lFab},

dre Vdre U Ry dre dre ' dre dre 1

where F® = F¢ + F} is the total intermediation to emerging economies, and Ry 1 is the interest
rate paid by emerging banks (these equalize in equilibrium). The interpretations for the first three
terms are analogous to those of the emerging country mentioned above.

The final two terms corresponds to:

8The derivation of these results is shown in detail in the appendix B.

19Gtill, In a later section we approximate this effect numerically around the no policy equilibrium to gauge the relative
importance of these effects. Although we also explain that to obtain the actual optimal policies we must introduce the
Ramsey Planner Problem as a solution criterion.
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Welfare effect from changes in intermediation profits: this is an effect coming from the change of the
tax on the funding quantities or gross rates related to cross-border lending. In the context of the
model, this is also related to the scale of aggregate intermediation which affects the centers as the
latter contains the creditor banks for global markets. Notice the emerging markets can also be
affected by the dynamics of financial intermediation, but mostly through their implications for
their capacity to fund physical capital.

3.2 Cross-border Policy Effects
The welfare effect between emerging countries is,

dwe
drb

dQ? B dR,

— a Ia
mz{Rl Vdard T Ry drb

(6(r°)r + (1~ 9)6503) 1k =43

with an analogous counterpart following for the effect in W? when 7¢ is changed. Notice this
expression is similar to the within country effect of their own tax. Although, in contrast, the last
term is absent given there is not a direct welfare effect from a tax at the cross-country level.

The emerging country welfare effect from a change in the center country tax is,

awe dK} }

dre

dQ$ N 5 dRq
dre¢ Ry dre¢

— i { Ry + (B + 171 - 0)5Q5) ‘T

On the other hand, the effect of a change in an emerging tax in the welfare of the center is,

awe LdQf Bf dRy dK§ dFg  dFp ARy, o

— C I C Re ) Fa
dre BAS {Rl U e R1 dre (rs+ (- )§2Q2> b,1 < dre T gre | T g T (0
where as before Fi# is the total intermediation to the emerging economies, and Ry, =Ry, = RZJ

is the interest rate paid by emerging banks to the center intemediary. The interpretations of each
term follow analogous intuitions to those explained in the subsection 3.1.
3.2.1 Optimal Toolkit and its Drivers

We can use these effects expressions as first-order conditions for national planners and derive the
optimal taxes (i.e., setting dW'/dr" = 0 and solve for 7%). The optimal emerging tax would be:

—1 1 dQe Be de
T T al—w) {rg [(Rl]l ks "R dKe> AL =06+ 1+ alx )}» or e = {a, b}

Similarly, for the financial center (c):

Qi dQ‘f B1 de C b ngl QQ
cx _ X1 ) pore c +(FC 4+ F
T e 1 1dF1ab + 5 Ry dFg? +(rg+ (1 - )§2Q2) F“b + (F' + 1)dF1ab (1—- )fQQC L,
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with dFfb = dF¢ + dFY.

From these expressions we get an idea about the effects driving the optimal taxes. The peripheral
tax depends on the effect on prices and interest rates from changes in the capital stock, which is
proportional to the investment and foreign bonds position. Other relevant features are the resale
price of capital and the marginal product of capital whose increases lead to lower tax values. The
intuition here is that, if capital becomes more productive, it is better to distort the economy by less.
We will see in later sections that this is a part of what a centralized policy effort could achieve

—less interventionism.

Here is useful to remember that, in equilibrium the marginal product of capital is directly taxed
by the tool. As a result, we could interpret that in order to have a meaningful effect, the tax (or
subsidy) will have to be set more strongly in countries with lower marginal product of capital.
Finally, it is noticeable that the extent of the financial distortion (k) plays an amplifying role—for
a stronger financial friction, a more stringent policy stance would have to be implemented.

On the other hand, the financial center optimal tool is driven by the effect of the changed
aggregate international intermediation (F®) on the sources of revenue for the banking sector
(prices and revenue rate), as well as the effect on domestic capital intermediation (/¢). Both
features reflect the global creditor role of the center; on one side the former —international lending
volume effect—leads to direct changes in profits, but the latter effects reflects a substitution of
global for local intermediation as resources (lending) that may instead flow to domestic firms. In
either case, notice how the effect of policy, both at center and peripheries, are pinned down at first
by the effect on interbank intermediation and later by how this affect each banks’ profitability.”’

4 The Role of Dynamic Policymaking: An Extended Model

The baseline framework so far, introduces a number of interesting features that, together with
a number of simplifications, allowed us to explore the drivers of the policy effects analytically.
However, once we understand some of these drivers, it is natural to think how would the insights
of the model be shaped in more empirically plausible environments. In particular, it can be key to
understand how the lessons from a setup with static policy decisions extrapolate to the context of
dynamic decision making by regulators.

For this, the most natural extension is to consider a framework where intermediation occurs
more than once. In that setup, the policy outlook may change substantially, for if we allow the
policies to have a long-lasting effect on the banking profits, and the agents are aware of it, then the
policymakers become forward-looking agents. We apply such change to see how relevant —for

It should be noticed that both sides of these expressions still depend on the taxes, so even if we can approximate
the effects on the right-hand-side of the equations around points of interest, or characterize their drivers (analytically),
we would still need to introduce an additional solution criterion to find the optimal taxes for a given parametrization
(and initial values). A feasible route is to consider a Ramsey policy problem. An application of such method is done in
the last section of the paper.
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the presense and nature of the policy spillovers— is to consider a dynamic decision making by
regulators. We do this by increasing the horizon of the model by one period, and by including
two new properties common in the the literature —retained profits, and, an entry-exit setup for
banks (e.g., Gertler and Karadi, 2011; Aoki et al., 2018, among others).

In the rest of this section, we highlight the most salient changes relative to the baseline model
—the banking sector and policies— and leave the (mostly analogous) explanations on the setup for
each agent in the appendix E.

General economic environment. The setup is analogous to the previous one, but now there are
three periods t = {1,2,3}. The world consists of three countries, two emerging countries and one
center, and each economy is populated by five types of agents: households, final goods firms,
investors, the government and a representative bank. As before, the initial capital endowments
are given (K() and afterward, physical capital is acquired by firms for production with banking
funding. In that sense there are now two periods of intermediation, the first at the end of the first
period, and one more a period later. Importantly, as long as there are intermediation activities in
the future the banks may continue in business and in that case retain profits, thus, the banking
decisions are dynamic or forward looking in ¢ = 1, while in ¢t = 2 the banking problem is
static. In what follows I emphasize on the differences in the decision making of the bankers and
policy-makers between these two periods.

4.1 Banks

EME-Banks. The problem of the bank is extended to account for the probability of continuation
in the intermediation activities. This is also reflected in the constraints that now include the
balance sheet period of future periods, which importantly, is affected by the net worth of the bank
that now includes the profits from previous periods.

In the first period of intermediation (end of t=1) the bank aims to maximize its expected
franchise value, given by J; and solves:

Ji = max Eq {(1— 0)AS 5(Bf oL — R FY) + 0A 5 (Ri 5L — RioF5)}

171
st LY =F{ +6pQiK§, [Balance sheet in t=1]
L5 = F5 +0pQ5 KT + 0[Ri oLy — Ry 1 FY], [Balance sheet in t=2]
Ji = rQTKT, [ICC, t=1]

where the country index for emerging economies is e with e = {a,b}, Ly = QK is the total
lending intermediated with the local firms, F; is the cross-border borrowing they obtain from
the center, Ry, ; is the gross revenue rate of the banking services, paid by the firms, Ry is the
interbank borrowing rate for the banks, (); is the price of capital, 6pQ:K;—1 a start-up capital the
bankers get from their owner households, and A;;; is the stochastic discount factor between
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periods ¢t and t 4 j. It can be noted that the last term in the objective function, and the second
constraint are the new terms relative to the previous setup of the bank’s problem while the third
constraint is the ICC, imposed to align the incentives of banks with lenders in a way that the
former doesn’t abscond assets. This friction will lead to amplified credit spreads.

The present value of the bank, will be given by the expected profits in the next period. For this,
we include the possibility of exit from the banking business, with an associated probability of
survival 6.2 Thus, with probability (1 — ) the bank will fail and transfer back its profits to the
household, and with probability 6 the bank will be able to continue and pursue future profits.

In this new setup, a key property is that of profits retention. That is, the banks will retain any
profits and reinvest them for as long as they remain in business. They continue doing this until
they exit the business and report the accumulated profits to the households. As we will see, this
new feature will boost the effects of policy in these economies because now a prudential tool has
a longer lasting effect on the balance sheets of surviving banks.

In the second period, the banks solve a simpler problem, as their objective will not depict a
continuation value (making their decisions static):

J5 = max By {AS 5(Rf 5L — Rj,F5) |

2772
sit. Ly = Fy + Q5 Ky + 0[Rj o LT — Ry 1 FT],
J5 > kQ5K3.

It can be noticed the problem they solve is, although static in nature, not analogous to the simpler
model since now the resources of the bank are affected by their previous intermediation decisions
as the balance sheet constraint includes the retained profits from the last period.

From these two problems, we can obtain the following first-order conditions:
F{]: EiQ(1+u§)(Riy — RGy) = mif,  [FS): Es(1+us)(Res — Ro) = i,

where ¢ is the lagrange multiplier of the ICC of e country bank in each period and Qf =
(1 —0)AS, + 67 i3] 5 is the effective stochastic discount factor of the bankers that accounts for
the probability of a bank failure in the future. With these conditions the results of the Proposition
1 also apply here, i.e., a binding ICC leads to a positive credit spread that grows with the extent of

the friction x.22

?This feature is critical in the main model framework as it allows the incentive compatibility constraint to bind and
will prevent the presence of Ponzi schemes in the model
Zthe proof for this extended setup is shown in the appendix E.
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Center-Banks. In ¢ = 1 the center-bank solves:

Jf = o IrﬁrgaL)E b E; {(1 — 9) €1:72( 272L§ + Rg’lFla + Rg,lF{) — RD,lDl)
14741, M1

+AT 30(RE 3 L5 + Ry o F5' + RZ,ZFQIJ - RD,QDQ)} ,

st LS+ F¢+ FP = Dy + 6pQSK§, [Balance sheet in t=1]
L5+ Fy + F} = Dy + 0pQ5 K
+O[RE oL + Ry FY' + Rf)”lFf’ — Rp1D], [Balance sheet in t=2]

this problem is dynamic as it accounts for the potential profits and balance sheets of every
intermediation period. These profits also reflect that the bank is a global creditor. In contrast, in
the next period the bank will solve a simpler (static) problem consisting of maximizing the profits
of a single —terminal intermediation— term.

J5 = max By {A5o(Rf LS + RESFS + RpaFY — RpaDa)
9 g lug, 2

st. Ly+ F§ + F) = Do+ 6pQ5K{ + 0[R; o LS + R F{ + Ry \F{ — Rp1D1),

The resulting first-order conditions just reflect that the expected credit spread is zero for all of
the assets considered by the center (F3, Lo, D2). By using that result and the perfect foresight
assumption, we can drop the borrowing cross-border rates (R ;) as they are all equal to the rate
for deposits (Rp ¢).

4.2 Macroprudential Policy

The policy setup is analogous to the baseline setup. The effective revenue rate perceived by the

banks after paying their taxes is Ry = (1_”)&%, where 7; is the macroprudential tax.

What differs now, however, is that 7 affects the first intermediation period when the banks’
decisions are forward-looking, and 73 the terminal period where the decisions are static. Hence, it
follows that 7 and 73 are respectively a forward-looking and a static policy tool.”*

4.3 Policy Effects in Extended Environment

As before, we can approximate the welfare effects of policy (domestic and cross-border). We do it
numerically and analytically. In contrast to the baseline setup, we can not only verify the effects of
the static policies but also those of forward-looking policy decisions (instruments in non-terminal
periods).

23Analogously, Proposition 2 also follows in this context, i.e., an increase in the macroprudential tool decreases the
leverage ratio of the banking sector. The proof for this result is shown in the appendix E.
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Numerical solution. We solve the model private equilibrium using the parameters shown in
table A.2. The agents take the taxes as given, and hence, these must be provided when solving for
the private equilibrium. To approximate the welfare change, we obtain the numerical derivative
from the change in welfare for the solution with a given tax level relative to a solution with no

policy. The results are shown in table 1.

Table 1: Welfare effects in 3-period model

Effect Change in tax
1% 3% 5% 8%
Direct effect 5 — W* - 0.146 - 0.144 - 0.142 - 0.138

of 72 s wh -0.146 -0.144 -0.142 -0.138

5= We ] 024 [ EG_ 0457 N -0.179 i -0.027

Cross-border 7§ — W? l -0.047 l -0.047 l -0.047 l -0.048
effect T8 — We | -0.016 | -0.017 | -0.017 | -0.017
™= W | -0.047 | -0.047 | -0.047 [ | -0.048

= We | -0.016 | -0.017 | -0.017 | -0.017

75— W I -0.162 I 02 1N 0150 N -0.155

75— Wh - -0.162 - -0.226 - -0.180 - -0.155

Direct effect 7§ — W B o B o B oo B oo
of 3 Wt . 0.057 . 0.057 . 0.056 . 0.056
75— We | -0.087 [ 0122 [ G- 0243 -0.134

Cross-border 7§ — W? I -0.018 I -0.018 I -0.018 I -0.018
effect T$ = We | 0.006 | 0.005 | 0.004 | 0.003
=W | -0.018 | -0.018 | -0.018 | -0.018

8= We | 0.006 | 0.005 | 0.004 ‘ 0.003

7§ > We [ -0.051 [ -0.059 H 007 M -0.074

5= W i -0.051 N -0.059 H 0057 M -0.074

Note: Each column denotes a different size of the change in taxes. The specific tax changed is indicated in the second column, as well
as the welfare affected. The effect is obtained by the numerical approximation to the derivative of welfare with respect to a change in

the tax (%). The superindexes refer to the countries with a: EME-A, b: EME-B and c: center.

The table shows the numerical approximation of the derivative in welfare with respect to a
change in a tax. The results indicate that the welfare effect of forward-looking instruments (73) is
stronger than that of the terminal (static) ones (73). This is particularly true for the cross-border
effects of taxes in both the center and peripheral countries. This is consistent with studies such as
Davis and Devereux (2022) and Gertler, Kiyotaki, and Prestipino (2020) where the taxes that are
pre-emptive and prudential in nature are more effective than crisis-management policies.

In terms of international policy effects, these results indicate there is a negative cross-border
policy spillover from setting higher taxes in the EMEs as the local and international welfare
responses to a change in the emerging taxes have opposite signs. Finally, the spillovers from the
center tax are positive, suggesting potential policy free-riding incentives by the peripheries that
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may want to rely on the center macroprudential taxes.

For building an intuition of these results, it is important to remember that these policymakers
trade-off the positive effect of undoing a financial distortion with the negative effect of curtailing
banking intermediation when setting tighter macroprudential regulations. Then, the negative
welfare effect perceived by the center after an emerging prudential tightening is related to
the decrease in intermediation services that its banking sector perceives (lower intermediation
revenues) while, in contrast, the emerging economies in contrast benefit from their tightening as
they mitigate their frictions.

On the other hand, the negative effect of a center tightening for all locations is driven by
the worsening of the financial friction for emerging economies, which takes place because the
equilibrium credit spread rises (after the center contracts its banking revenue rate with the stricter
policy stance); while for the center the worsening is given by the —profits and real output—
consequences of cooling down domestic intermediation. Finally, we can note that the center does
not benefit as much as other locations from mitigating frictions as we assume in the baseline that
they are more financially developed in a way that makes them less prone to financial distortions.

Importantly, a salient result here is that allowing for longer-lasting policy effects through a
dynamic banking setup magnifies the spillovers of macroprudential regulations in all directions;
both the domestic effect and the leakages increase substantially. Therefore, the dynamic dimension
of policy is another key feature when gauging the implications of prudential policy actions. From
the setup itself, we can associate these amplified effects to the persistence of the toolkit, which
operates through the retained profits property of the banking sector.

Analytical Welfare Effects. To see how the (static) drivers explained before do not tell the whole
story about the effects of policy as suggested by the numerical simulation, we can obtain analytical
expressions for the welfare effects. We do it with an analogous procedure based on Davis and
Devereux (2022). The key difference here is that we track the effect of one more tax, namely, the
tool with persistent effects on the balance sheets, which depicts dynamic welfare effects too.

A social planner will consider the following welfare expressions.
W = u(CF)+Bu (C5)+5u (C3)+ 2% { ATKS * + Q11T —C (LT, I§) —0p Q1 KG — Cf — 7 |

+65 {p(r8) AT +Q4I5 —C I3, 1) 05 QKT + (U5~ Assb@§ K5 ) + By — 05— B2

+828 {(1 - a (1 - 7)) AgKs * + %5 4 By — ot}
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where ¢(7) = (1 — a (1 — 7)) and with an analogous expression for the economy b, and
Wi = u(C5)+Bu (C5)+ Bu (C5) + X {ATKG *+ Q4T — C(If, I§) ~ 65 Q5 K — C5 — 2~ D1 }
+x{ (1= a0 (1 75)) ASKE * + Q515 - C (15 1)
+(1=0) (1 = )QSKT + Ry FY' + Ry, FY) — 0B\ Dy — 6pQ5KT + BS — C5 — 42 — Da }
+ﬂ2>\§{A§K§ *+ (1 - 6)QsKs + RiyFy + RpFy + By — CS}
These expressions are obtained by setting the welfare plus the budget constraints in each period

and imposing the private equilibrium conditions. These are equivalent to the usual welfare as the
constraints are binding, however, this setup allows to gauge the effects of policy more broadly.

Next, we can obtain the welfare effects from changing the taxes. Here, a planner setting the tax
in the last period takes the taxes and variables from the previous period as given;** hence, we
just need to differentiate with respect to R, Q2, I2. K> for both types of countries plus Ry, 2, F5 for
the center. In contrast, we must also consider the lagged versions of these variables for the first

period.

The welfare effects of the taxes are:

For the EMEs’ instrument

static effects dynamic effects
Awa dK? Q¢ | Bi dR, dKg dQ%  BS dR,
A(l
drg 7 { 1(R) g T 02(R) G R g T OYE T ) G oalR) G R g

(only) static effects
a5 _ Bj R, _V§
dr§ dr. dr¢  (Rg)? dr§ R2
with oy (k) = kR1Q§ + ¢ (15) 15, as(k) = Ry (If + kK{), as(k) = k(1 — 0A23) Q% + ¢ (1) Ar2r§, asa(k) =
Ig’ + K (]_ — 9A23) K2/ Ck5(li) =K (]. — 9A23) Qg + @ (Tg) A23T§, and 660: >0 for s = {1, ceny 5}

AWg

i _ ms{a (r) 2

@ + 044(16)
T3
(5

And for the center’s tool

static effects

e ch - IR J0O° ’ dReme dFab
0 5A°{ +(%—9D1) s+ 5 o +a9Yz°+(1—9)<Ffb 4 Ry — )}

dr§ cl7'2C ar§ ar§ dr§ ar§
, dK§ cd dQs Reme dF“b
2yc 2 B 2 2 eme
S =1 + Fgb Ry ,
+4 d{vz ars + 7 < + 3dT 2 s + =

dynamic effects

*The time index of the tax corresponds to the period in which the banks pay it, i.e., the initial tax is 7> and the one
for the final intermediation period is 3.
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dWw§
dr§

dK§  BSdRs dQs
2 drg + Ry dr§ s drg

dReme dFab
Fab b,2 Reme 2
+ o dr§ t 2 dr§ ’

e
withy =1—-ad(1—-75))r5+(1—0)(1—0)Q5, 2= (r§+ (1 —06)Q3), 73 = Ra (I§+ (1 — 6)(1 — §) KY),
and F* = F¢ + FP.

The interpretation of these effects goes as follows: First, we can see that there are more sources
of variations for taxes that are forward-looking in nature (72), whereas for the terminal taxes we
only get the static drivers —described in the simpler baseline; this alone might explain why the
former instruments have stronger welfare implications than the latter.

On the other hand, there are four drivers of the static welfare effects of the tax as pointed out
in previous sections, these are changes in welfare from (i) hindering capital accumulation, (ii)
changes in the global interest rate, which are proportional to the net foreign asset position, (iii)
changes in the prices of capital, and in addition, for the center, (iv) changes in the cross-border
lending rates and quantities. The welfare effects (i) and (iv) are negative and capture a halting
in banking intermediation, while the sign of (ii) and (iii) depends, respectively, on whether an
economy is a net creditor or on investment growth. We expect (ii) to be positive for an emerging
economy and negative for the center.

The dynamic toolkit effects will have similar drivers. However, in all cases these also include
effects on future variables, for instance, (i) would include the effect on future capital accumulation
and (ii) on the future net assets position. The signs for the dynamic effects may not be as
straightforward as we may expect similar signs but with potential corrections, for example, when
tighter initial taxes imply delaying investment or capital accumulation plans for future periods.

Similar to the static case, it can be noticed that the welfare effects interact with the extent of the
financial frictions (captured by «), and as before, the effects are stronger for a larger extent of the
frictions. This can be seen by checking that «;(x) increases in « for all j = {1,2, 3,4, 5}.

Optimal taxes We can obtain expressions for the optimal taxes by taking these welfare effects
as first-order conditions for the planner as in prior sections. The features driving each tool are
analogous to the ones described in the static baseline. As before, we have that regulators at the
center trade-off local intermediation for global lending, a relevant feature for understanding the
importance of the center’s instrument in generating cross-border policy leakages and welfare
effects abroad. At the same time, and in addition to the previous findings, now we have that the
forward-looking taxes are driven by the changes in future variables, e.g., capital accumulation
after changes in the level of banking intermediation. The expressions for these optimal taxes are
shown in the appendix E.

Finally, unlike the static version of the optimal tool, in this case is not as straightforward to
determine if a larger extent of the friction calls for a more stringent policy setting. On top of the
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static amplification effect, the dynamic effect takes into account the expected relative performance
of the economy in future periods, which is captured by the interaction between stochastic discount
factors (SDF) on different dates. In that sense, if the friction is such that intermediation implies

stronger economic fluctuations (current or future) these additional effects activate.

5 Implications for Policy Design

We have obtained that there are potentially sizable policy leakages from the prudential policy tool,
which depends on how regulation can impact intermediation —mostly at the center but also in
peripheral locations. Some of the drivers are related to the capital accumulation, and net foreign
assets implications of the resulting capital flows (for all locations) but also to how the toolkit may
affect the profits in the banking sector itself (for the center, a global creditor). Importantly, the
welfare effects are magnified if the environment undergoes stronger financial frictions, and if the
policies are set in an environment of dynamic banking activities where policy-driven changes in
contemporaneous profits may remain in the balance sheet of financial agents for the future.

With this in mind, one can also explore what can these policies achieve if they are set optimally.
That is, whether they can undo the financial distortions, how similarly are the instruments across
different policy regimes —for example, with different degrees of international policy cooperation—
and relatedly, whether there is a scope for welfare gains from centralized regulation setups. We
explore these questions by solving for the optimal toolkit of the model.”

5.1 Welfare effects in different policy regimes

Before setting the planning problem and solving for the tools it is useful to understand the welfare
effect of the taxes on the policy objective of the planners. For the standard case of a planner
that takes decisions at the central level —or a nationally-oriented planner— the domestic welfare
effect dictates the total effect on her objective function. On the other hand, as we are dealing
with several planners we could also consider that these decide to form coalitions and set their
policies with different levels of centralization. As an example, in a coalition of two countries, the
associated policy makers may decide to cooperate and set their toolkit jointly, and in that case, the
policy objective function would be a combination of the welfare of both economies.?® The possible
cases, the effect of policy changes on their objectives, and the toolkit each planner has at hand are
shown in Table 2.

Table 2 summarizes the effect of any policy change on the objective of each type of planner. With
no individual null effects, we have that the total spillover effects between Nash and centralized (or
cooperative) cases will differ. As a result, when solving the Ramsey Planning Problems we should
obtain different optimal tool levels across policy setups.

PSimilar results hold if the model used for this exercise is the extended setup of section 4.
As standard in the literature, I consider a weighted average of the welfare of participating economies with weights
given by their relative population sizes.
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The associated Ramsey planner problem is solved for each of the planners in the four cases. This
policy problem consists of maximizing a welfare objective subject to the conditions characterizing
the private equilibrium of the other agents. The objective and problem to solve in each regime are
explained in detail in the Appendix C.

Table 2: Welfare spillovers in the model

Case Planners Effect of taxes Prudential Toolkit
Cooperation
. ra b 7c .
(all countries) World ‘é‘;‘f =g d;il + d;VTZ T+, ddVii o, b e
Semi-Cooperation
. 1/ab a b
(EMEs vs. Center) Emerging block A+B d?TZ =ng, ddvfi + nyp d(}fz 7o, b
Center dwe e

drt

Semi-Cooperation

(EME A + Cvs. EMEB)  Cooperative A+C AW = g D 4 n D 70, 7°
EME B dw? b
Nationally-oriented
(non-cooperative) EME A ar 7o
EME B > b
Center = T¢

dr?

Notes: i denotes the country index that also establishes the policy jurisdiction of each tool. For
example, 7 with i = ¢ denotes the policy tool set in country c that affects the financial intermediation
activities of banks operating in such economy. Additionally, in general i = a,b,c as the effect on
welfare may originate in any economy —and affect welfare through their local or international effects.

5.2 Implied Optimal Policies

The results, shown in table 3, reflect the policy trade-off the planners face: they can implement
a tax to undo the financial friction, or instead increase financial intermediation and production
by subsidizing the banking sector. In the baseline or nationally-oriented case, we have emerging
planners focusing on undoing the friction with a tax. The same can be said about the center
planner, however, the latter is taxing the local banking sector heavily to favor intermediation
abroad instead—from which its banks could profit at a higher rate— rather than mitigating the

friction (after all in the baseline we assume the friction is present mostly in peripheral countries).

When allowing for different levels of cooperation, or of centralization of the policies, we see that
in general cooperation allows the planner to regulate with more conservative taxes —for what we
will see, delivers comparable effects. Interestingly, by internalizing the effect of domestic policies
to other locations a globally cooperative arrangement gives space to subsidize intermediation
at emerging economies, while the center taxes are set more loosely which indirectly mitigates
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the extent of the friction at the peripheries.”’ Thus, in a fully cooperative case, each country-
specific tool is designed with a greater leaning towards generating prosper-thy-neighbor effects. The
intuition in this case is that, as long as the frictions are attended in any way (with any country’s
toolkit), countries can benefit from higher levels of global intermediation in a similar fashion
to how money expansions can be welfare improving for other countries in Obstfeld and Rogoff
(1995), and Corsetti and Pesenti (2001).

Table 3: Ramsey-Optimal taxes under each policy setup

Policy Scheme
Country Nash Cooperation Cooperation Cooperation
tool (All) (EMEs) (Center and EME-A)
T¢ 0.38 -0.11 0.15 0.30
b 0.38 -0.11 0.15 0.34
T¢ 1.19 0.96 1.11 1.14

Units: proportional tax on banking rate of return

Notes: This case depicts a higher than 100% tax rate on the instrument of
country c. Although such a tax can be thought of as prohibitive, it should be
noted that country c is special in that it derives profits from the intermediation
to all locations, and as a consequence, such a tax rate does not have to imply
negative profits (as would happen for emerging banks).

5.3 Effects of Policy

Given these policies, we can wonder how they compare. For example, how effective they are at
mitigating the frictions, and the implied welfare they deliver. For that, we show the equivalent
compensation changes that agents undergo from transitioning from a benchmark allocation to one
of the regimes (with optimal policies) in Table 4. The numbers in the table imply the equivalent
proportional increase in consumption by switching to the regime relative to the benchmark. For
example, if the number is ¢ > 1 and the benchmark is the no policy equilibrium, we say that agents
benefit from the policy in a way that would allow them to expand consumption by (¢ — 1) x 100%.

The results indicate that all regimes are capable of mitigating the financial frictions. We can
see this in the fact that all countries can improve welfare relative to the no-policy equilibrium.
Furthermore, they can fully undo the effect of the frictions since the welfare improvement is
such that the policies can mimic the first-best allocation (equilibrium in the absence of financial

frictions).

“This can be seen in the expression for the country spread at the emerging economies, whose repayment rate
depends on the tax on the creditor country in general equilibrium.
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Table 4: Welfare comparison across policy schemes with respect to the First Best allocation (left panel) and
with respect to the no policy equilibrium (right panel)

Bechmark: No Policy equilibrium Bechmark: First Best
Nash Cooperation Cooperation Cooperation Nash Cooperation Cooperation Cooperation
Country (AlD) (EMEs) (Center and EME-A) (All) (EMEs) (Center and EME-A)
C (Center) 1.06 1.06 1.06 1.06 1.01 1.01 1.01 1.01
A 1.02 1.03 1.02 1.02 0.99 0.99 0.99 0.99
B 1.02 1.03 1.02 1.02 0.99 0.99 0.99 0.99
World 1.04 1.04 1.04 1.04 1.00 1.00 1.00 1.00
EME Block  1.02 1.03 1.02 1.02 0.99 0.99 0.99 0.99

Units: Proportional steady state consumption increase in the benchmark model. That is, by how much consumption in the benchmark
should be scaled to match welfare in the column’s regime.

A second salient result is that all regimes deliver similar welfare outcomes even if they imply
different combinations of prudential tools. This could be deemed surprising given the interpre-
tations provided before. However, it could be the case that the cross-border policy spillovers
are efficient, that the policies assumed are too flexible, or that the costs of regulation are trivial
in our setup. That is, in terms of Korinek (2016), the conditions for a first-welfare-theorem of
financial regulations are met. To explore this we also carry a calculation of the welfare effects in
the presence of policy costs in the spirit of Dedola, Karadi, and Lombardo (2013) and Agénor et al.
(2021).

5.4 Policy Costs of Prudential Interventions

To consider the case of costly interventions we solve the modified Ramsey problems where we
include a convex cost of policy implementation. The objective function of the planner becomes
max W = fa!, W) -T(7),
Xt,Tt

s.t. EtF(thlaXta)qH’l?Ttae)v

with # C 7 and welfare weights o/ > 0. Here, f(a',W}) corresponds to the same objective

functions considered before and I'(7%) = 1(7%)? denotes a quadratic policy implementation cost.”®

The results, reported in the table 5, suggest the presence of gains from policy cooperation (or
centralization) for every country and globally. In addition, the high cost of policy implementation
leads the countries to set their tools much more conservatively compared to the baseline. Finally,
every cooperative setup matches the first best.”” Put in perspective, these results imply that if

*The results reported correspond to one with 1) = 1.

®The comparison with respect to the first best allocation and the policy toolkit they imply is shown in the appendix
D (tables D3 and D4). The result that in centralized frameworks there is an emphasis on limiting the extent to which
policy curtails intermediation while giving more responsibility to the creditor for fighting the distortion in other
locations holds in these cases as well.
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regulation is costly, the nationally oriented policies (non-cooperative) can mitigate only about half
of the welfare cost of financial frictions that in our baseline amounted to about 4% of consumption
losses per period. In contrast, the cooperative regimes can bring the economy even closer to the
tirst-best allocation, effectively undoing the remaining welfare cost implied by the friction.

Table 5: Welfare comparison across policy schemes with respect to the non-cooperative Nash
Equilibrium and policy implementation costs.

Policy Scheme
Cooperation Cooperation Cooperation
Country (AL (EMEs) (Center and EME-A)
C (Center) 1.02 1.02 1.02
A 1.01 1.01 1.01
B 1.01 1.01 1.01
World 1.01 1.01 1.01
EME Block 1.01 1.01 1.01

Units: Proportional steady state consumption increase in the baseline non-cooperative regime.

In summary, we have that different policies may lead to different —welfare—outcomes. However,
this is just indicative of potential centralization benefits that our current setup is arguably unable
to gauge accurately. The reason is that for an actual welfare accounting exercise, we want to
consider a fully stochastic framework, that exploits the higher-order comovements between the
financial frictions in each location, and that accounts for the full horizon of potentially long-lived

policy effects.*

More importantly for our main research question, the presence of non-trivial policy leakages
leads to interdependencies between policymakers in different locations that allow for a wide
menu of regulatory combinations to manage the trade-off between undoing financial frictions
and curtailing financial intermediation given the costs of regulation. Clearly, and in line with
empirical studies, these policies do leak beyond their jurisdiction which can have consequences
for policy design adjustments.

6 Conclusions

We study the international policy leakages at the macroprudential level for economies that are
financially integrated. The environment we consider is one with a financial center that acts as a
global creditor for a set of emerging economies. We aim to verify the existence of these spillovers

*This specific type of analysis is done in Granados (2021) for a multiperipheral environment similar to the one
considered here, and for other setups with macroprudential policies in studies such as Jin and Shen (2020), Agénor,
Jackson, and Jia (2021), and Agénor, Jackson, Kharroubi, Gambacorta, Lombardo, and Silva (2021), among others.
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in different types of economies, their drivers and associated trade-offs, the policies they generate,
and the implications for policy design in environments with financial frictions.

For that, we propose a multilateral open economy framework in which financial frictions create
a wedge between the cost of capital and the deposits rate (or return on non-banking activities)
that creates a role for macroprudential interventions. The regulator may want to mitigate the local
financial friction by adopting a tighter policy stance, but due to the leakages, the domestic pursuit
of financial stability goals may be detrimental to other economies.

Our setup is simplified and allows us to find analytical expressions for the welfare effects of
policies and optimal national tools, as well as to obtain numerical solutions for the equilibria in a
menu of policy regimes. Our findings suggest that policy spillovers exist and are stronger when
stemming from financial centers, but can also originate at emerging economies. Additionally, the
effects of the macroprudential toolkit (and leakages) are magnified by the extent of the frictions or

in environments involving forward-looking policy decisions.

We inquire into these results and verify that the welfare effects of prudential policymaking
are governed by the trade-off between mitigating financial distortions and facilitating financial
intermediation. Furthermore, the presence of non-trivial leakages —when internalized— poten-
tially allows regulators to set policies in a prosper-thy-neighbor fashion; in such scenario, emerging
economies can set looser financial regulations while financial centers help them deal with the
mitigation of financial frictions. Notably, the latter type of economy also benefits from such a
strategy given its financial sector acts as a global creditor.

Finally, as the internalization of leakages, and centralization of policy decisions can lead to lower
interventionism requirements —for dealing with financial distortions—we explore the potential
for gains of cooperative policy frameworks. In a simplified costless framework, all types of policies
are equally capable of undoing the frictions, however, when interventions are assumed costly
the favored regimes are those where economies cooperate. This result, together with the finding
that dynamic policy decisions are relevant, may justify performing a comprehensive welfare
accounting exercise in a more complete setup. Such an approach is left for future research.
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A Baseline model description and results

A1 Summary of baseline model equations

The small-scale model after simplifications features 29 variables in total (for the three economies

together).

Each equation "Common to all countries" enters the system thrice (each with different country

variables) for each period indicated. The second group of equations "for EMEs" enters the system

twice (one for each EME country {a, b}); the rest of equations are counted only once.*".

31The online Appendix F.1 shows how the simplified final system is obtained from the equations described in section
2.
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Table A1l: Summary of equilibrium equations of the small scale model

Common to all countries:
— ¢ (_L 2 I I T
Qu=1+§ (g = 1) ¢ (25 1) 72y = Aeac (%
Ki=1 + (1 —5)K0

_ (1-m)aA KT +(1-6)Q2
- Q1

- (4"

Ry 2
C77 = BRIC5 7

[Price of Capital, t={1,2}]

[Capital Dynamics]
[Banks rate of return]

[Euler Equation, bonds]

for EMEs:
Q1K1 =F1+6Q1Ko
Ry 2Q1K1 — R1F1 = kR, 2Q1 K1
1+ p) (Rk,Q - Rl) =p- KRy
C1 + % =7r1Ko+ 71+ Tinw,1 —0BQ1Ko

Cay=m7fpo+ o+ B1—T2

[bal. sheet of banks]
[ICC]

[Credit spread]

[BC for t=1]

[BC for t=2]

for the center:

QSKS + F{ + F = D1 + 6pQSK§

[Bal. sheet of banks]

O + 2L 4 Dy = r§KG + 75y + 71 — 05 Q5KS [BC for t=1]

C§ =n$ o + 75y + RiDy + Bf —T§ [BC for t=2]
International Links:

ne By +npBY + ncBS =0 [Net Supply of Bonds]

Note: when solving the model I normalize the initial world capital to 1 and distribute it across countries according to their population
sizes. The initial investment is set as Ip = §Kq, and an additional simplification is considered (but not substituted) as Rf , = Ra1.

Auxiliary definitions:

Stochastic discount factor: Aj 2 = (%’) - ,

Lump-sum taxes: Th, = —71or2 K7,

Marginal product of capital: ro = ads K7,

Profits of firms: 7y, = (1 — a) A K, for t = {1,2},

Profits of investors: 7,1 = Q111 — C(I1, ly) = Q111 — I (1 + % (% B 1)2> 7
Profits of bankers in EMEs, t=2: 7y , = R} ,Q{K{ — R1 [T,

Profits of bankers in the center, t=2: 7 , = Rf, ,Q{K{ + R{F* + RYF} — Ry D;.

Finally, due to the optimality conditions we can equalize several related rates: Ri,z =R*=RC=R p1 =R

A.2 Parameters of the models

The table contains the parameters used in the baseline and extended model.
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Parameter Value Comment/Source

Adjustment costs of investment ¢ 4.65 Cespedes, Chang and Velasco (2017)
Start-up transfer rate to banks 0p 0.005 Gertler and Karadi (2011), Gertler and Kiyotaki (2010)
Divertable fraction of capital K*=rb  0.399 Aoki, Benigno and Kiyotaki (2018)
Discount factor B8 0.99 Standard

Risk Aversion parameter o 2 Standard

Country size ng=mny  0.25

Depreciation rate 0 0.6 Targets a longer period duration than quarterly
Capital share a 0.333 Standard

Survival rate of banks 0 0.9 Gertler and Karadi (2011)

Table A2: Parameters in the model

B Analytic welfare effects derivations

This section explains the derivations of the expressions shown in the section 3.

We differentiate the welfare expression for the EME-A social planner:

AW dQs , ] dIg X\ BY

_ )@ Ia a Ia M e

dra 1{dlf Q- 0| R Ry
+ B3 (o(r*)adses K7 +

dRy

dre

(1=

$EQ2) oL 15X (1 — 5 AS(EKT)"

To obtain the direct welfare effect of the tax we substitute the equilibrium expression for the

price of capital for the competitive investor (Q{ = C’(I{)) and the Euler equation for the consumer

(A1 = BR1\2). After rearranging we obtain the expression shown in the main section:

awe
dre

dQ
dre

Ry dr@

= Ay + A

+B8A\5a

. . b
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Bf dRy
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In the last term, we use the private equilibrium result: R¢ = R = Rg™®

dwe dQ¢

B dR;
MM N (<
dre P gre

dK¢
+6)\2R g -1

+ 65 (adses KT+ (1 - 0)65Q2)

eme dFla dFlb ngTe a b
+ B [R (dTC - ch> + e (P )

We follow the same procedure for the cross country effects. Notice that the last term of the EME

effects will be absent since there is not any direct tax welfare effect at the international level.

To obtain the optimal taxes we set 2% = 0 and solve for ¢(7%):

dTa

1 ,dQ? B¢ dRy

@y = Ry iy
o) = = asegewe ot [T Gxce T Ry dics

+£4(1 = 0)65Q2

Where we assumed that j}(a = 0. Assuming taxes exogeneity works here because these
calculations are based on the private equilibrium and not on the Ramsey planner equilibrium
where the taxes are endogenous.

Now we substitute, ¢(7*) =1+ (k® — 1)(1 — 7*)« and solve for 7%

1 1 L Qs B“dR1>
= RiI (1= 8)E5Qs| + 1+ a(r® — 1
! a(1—ma){aAgggaKW ! K ket Riary ) T T 08 Q Tl )}

The result for b is analogous.

For ¢, 7¢ will not show up in this case because there are not direct tax welfare effects terms for

the center. We work around it by using the equilibrium outcome Rj7¢ = Rf 5(7). Then we set

awe
dre¢

= 0 and solve for Ry ,:

dReme
dFls

dQ$ LB B$ dRy (a
dFY Ry dFyY

—Rio = Rily 565 KT T+ (1 )52@2) (F{ + FY)

dFS +

We substitute R , = [(1 — 7¢)aA565 “ KT 7 L4 (1 - 0)£5Q2]/Q$ and solve for 7¢:

dK§
dFy

* i d BCdR cca ca— c
" ZQI{R“ O L ZL | (aases K7 4+ (1-0)€5Q)

aAGes YKot dFY Ry dFyY

dReme Q
a b b,1 2

with dFY = dF¢ + dFY
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C Ramsey Policy Problems in the Baseline Model

In the previous sections, we set up a framework to explore the welfare spillovers from setting the
macroprudential tools, including the within effect and the effect between economies. The objective
was to understand what drives the welfare effect of setting the tools in general and across policy
frameworks with different degrees of cooperation between planners.

It should be noted that in such an analysis, there is a substantial endogeneity given that all
the equations (on both sides) depend on the taxes. Hence, other than studying the structure of
the effects, or the numerical effect at a pre-defined level of the taxes, it is difficult to solve for
the actual optimal policy instruments and thus for the policy distorted equilibrium under each
regime.

For carrying out such task it is more convenient to set a Ramsey problem consisting of maxi-
mizing a welfare objective function subject to the private equilibrium optimality conditions.

First, we will use the same country-wise welfare definition as before: W' = u(C?%) + Bu(C%)
with i = {a,b,¢} and u(C) = 7.

Second, let F'(-) be the set of equations representing the optimality constraints of private agents
that characterize the private equilibrium, x the system of endogenous or decision variables for the
agents, 0 the parameters of the model and 7 = {7%, 7%, 7°} the vector of policy instruments for all
countries. In general, we solve the following problem for each Ramsey planner involved:

max W = fal, W),
Xt,Tt

s.t. EtF(Xt—laXhXt-ﬁ-l)TtaG)v

with 7 C 7 and welfare weights o’ > 0 Vi.

The set up of this problem will vary in each policy framework by changing the objective function,
whereas the constraints will always refer to all the equations defining the equilibrium of the
model (i.e., the system of equations in table Al). The latter assumption is set for consistency with
an open economy setup and implies that the planners acknowledge they have an effect in the

endogenous variables of the other countries.*?

C.1 Non-Cooperative Framework
Without cooperation we will have one planner for each country, each one solving:

i,Nash __ 9
max W =W,

1 1
X Ty

%This assumption is standard for Ramsey problem solutions and guarantees the optimization will yield enough
equations as unknowns to solve for. Other ways to go about this would be to make small open economy assumptions.
However, we take the standard path while accounting for smaller economy effects by adjusting the population size of
the economies.
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s.t. EtF<Xt_1,Xt,Xt+1,Tt, 0), fort = 1.

The first-order conditions for the three planners will be used to solve for the Ramsey Nash
equilibrium.

C.2 Cooperative Frameworks

We will consider three types of cooperative frameworks. Full cooperation, where the tools for all
countries are set cooperatively by a single central planner, and two semi-cooperative cases where
regional coalitions are formed. First, between emerging economies, and second between the center
and one emerging economy. In the semi-cooperative regimes, each coalition will have a central
planner setting the participants’ toolkit.

C.2.1 World Cooperation

The cooperative Ramsey planner solves:

max WP = n W+ nyW + n W¢,

Xt,Tt

s.t. EtF(Xt_l,Xt,Xt+1,Tt,(9), fort=1.

Thus, it sets all the tools in order to maximize global (weighted) welfare. The welfare weights
correspond to the relative population sizes of the economies.
C.2.2 Regional cooperation between emerging countries

A coalition between emerging economies implies a regional level planner solving:

max  WOOPEMES —p W 4P,
XX T

s.t. EtF(Xt_l,Xt,Xt+1,Tt,9), fort = 1.

In this framework there is a second planner, in the center country, that chooses the decision
variables and policy tool for its country in order to maximize W7, analogously to the nationally-

oriented non-cooperative planner.

C.2.3 Coalition between the advanced economy and one emerging country

The coalition between the center (or advanced economy) and one emerging economy (EME-A)
implies a semi-cooperative Ramsey planner that solves:

max Wweoopac — p We 4 pn We,
Xg X T

s.t. EtF(xt,l,xt,xtH,Tt,H), fort = 1.
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In this case, there is a second planner in the second emerging country (B), i.e., the economy
outside the coalition, that chooses the B country decision variables and policy tool in order to

maximize W}, analogously to one of the Nash emerging planners.

D Numerical simulation results for model extensions

Here we show the additional results for the model with costly policy implementation. In this
particular case, the model also depicts frictions in all locations, but as in the baseline, these
distortions are considerably more severe in emerging economies and hence, in relative terms, the

key modification would be the aversion to policy intervention introduced for the planners.*

Table D3: Welfare comparison for model with frictions in every economy (k% = x* = 0.399 and x¢ = 0.1)
and policy implementation costs i = 1

Bechmark: Nash Bechmark: First Best

Cooperation Cooperation Cooperation Nash Cooperation Cooperation Cooperation
Country (All) (EMEs) (Center and EME-A) (AlD) (EMEs) (Center and EME-A)
C (Center) 1.02 1.02 1.02 1.00 1.02 1.02 1.02
A 1.01 1.01 1.01 0.97 0.98 0.98 0.98
B 1.01 1.01 1.01 0.97 0.98 0.98 0.98
World 1.01 1.01 1.01 0.99 1.00 1.00 1.00
EME Block 1.01 1.01 1.01 0.97 0.98 0.98 0.98

Units: Proportional steady state consumption increase in the benchmark model

Table D4: Ramsey-Optimal taxes for the model with frictions in every economy (k% = x* = 0.399 and
k¢ = 0.1) and policy implementation costs 1) = 1

Policy Scheme
Country Nash Cooperation Cooperation Cooperation
(AlL) (EMEs) (Center and EME-A)
T 0.20 -0.30 -0.04 0.15
70 0.20 -0.30 -0.04 0.16
T¢ 1.29 1.09 1.23 1.25

Units: proportional tax on banking rate of return

Notes: This case depicts a higher than 100% tax rate on the instrument
of country c¢. Although such a tax can be thought of as prohibitive, it
should be noted that country c is special in that it derives profits from
the intermediation to all locations, and as a consequence, such a tax rate
does not have to imply negative profits (as would happen for emerging
banks).

P Results for the model wth no costs of intervention but frictions in all locations are shown in the Online Appendix
F1.
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E Results from Extended Three-Periods Model

E.1 Description of model environment for non-bank agents

Here we discuss the environment for non-bank agents in the context of the environment with

multiple periods of intermediation.

E.1.1 Production Sectors

There are two types of firms. Here I describe them briefly as the structure is analogous to the
main (baseline) model and the detailed formulation is explained in the main document.

Final Good Firm. There is a firm that maximizes its profits, given by the value of the production,
plus the sales of undepreciated capital after production, minus the payment of banking loans. The
only constraint it faces is the production technology. From the first order condition with respect to

the capital, we can pin down the gross rate of return paid to the banks as R}, ; = % with

t ={2,3}. Here, r = I‘g‘fl is the marginal product of capital.

Capital Producers. There is a firm carrying out the investments in each economy. They buy the
undepreciated capital from the final good firms and produce the new physical capital for future
production. They are subject to adjustment costs relative to the previous investment level.

E.1.2 Households

The households own the three types of firms (final goods, capital and banks), and use their profits
for consumption, saving, and supplying bequests to their banks. They don’t pay the banking taxes
directly, instead, these are paid by the banks before distributing profits. However, they receive a
lump sum transfer from the government.Since the capital is already predetermined in the initial
period, there is no intermediation for K. Instead, and only for that period, the households rent
the capital to the firms directly.

EME-households. The households maximize the present value of their life-stream of utility:

(e MOT) ¥ FulCE) Bu(CS),

s.t. Be
Cf + R7i = TTK(? + Tr]ec,l + anv,l - 5BQ§K87

1

e

B
CS + sz = 7['?,2 + 77;'377,1},2 + ﬂ-gank‘,Q — (SBQgKf + Ble _ 1"1267
2

C§ = 7[-;,3 + ﬂfank,S + BQe - T??? fore= {a7 b}7
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here B; denotes the bonds or net foreign assets position, R; the interest rate on bonds, and 7; the
lump sum taxes. As for the profits terms, 7, corresponds to the final goods firms profits, 7, ¢
to the capital firms profits, and 74,1 ¢ to the banking profits.

Center-households. The households at the center solve a similar problem. The only difference is
that they do have access to local deposits and that their banking profits account for the fact that
their banks act as creditors of the EMEs:

max u(C5) + Bu(CS) + F2u(CS),
et hen, D ? )

s.t.

BY

Ci + R% + Dy = riKg + 71 + T — 0QTKG,
1
C

B
Cs + ng + Dy =759 + iy + Thank,2 — 0BQS KT + BY + Rp1D1 — T3,
2

C§ = ﬂ-]c”,B + Wgank,?) + Bg + RD,ZD? - T?f

E.1.3 Equilibrium

Market Clearing and International Links. The bonds market depicts a zero-net-supply in the
first two periods. The uncovered parity holds, which allows us to equate the interest rate of bonds
in each location R} = R? = R¢ = R,. Furthermore, from the Center’s Euler equations for the
deposits and bonds, we can determine that Rp; = R; for t = {1,2}.

Equilibrium. Given the policies 7; = {7, 77, 7{ }1=2.3, the equilibrium consists of the prices {Q}},
rates { R1, Ra, R}, », Rj, 3} and quantities { Bf, By, K{, K3, Ff, F, D1, Do} and {C}} for t = {1,2,3},
with i = {a,b,c} and e = {a, b} such that: in each period, the households solve their utility
maximization problem, the firms solve their profit maximization problems, the banks maximize
their value, the government runs a balanced budget, and the goods and bonds markets clear.**

*A summary of the final set of equilibrium conditions used for solving the model can be found in table E5. I solve
this system of equations non-linearly and using a perfect foresight approximation.
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E.2 Final System of equations

Table E5: Summary of equilibrium equations of the three-period model

Common to all countries:

— < I
Qt—1+§( L

A (52 1) (52)°

2
I I
- 1) +< (Itil o 1) Itil
Ki=I+(1-06)Ki

(1—7)aA KX +(1-8)Qy

Rk’t = Qt—1

C7% = BRCY

[Price of Capital, t={1,2}]
[Capital Dynamics, t={1,2}]
[Banks rate of return, t={2,3}]

[Euler Equation, bonds, t={1,2}]

for EMEs:
Q1K1 =F +6Q1Ko
Q2K = Fh + 65QaK1 + 0 [Ry 2Q1 K1 — Ry, 1 Fi |
(1—-0)A1,2 (Rk,QQlKl — R1F1> + A1,30 (Rk,3Q2K2 — R2F2) =kQ1 K1
Q1 (14 p1) (Rk,2 - Rl) =k
Az 3 (Rk,SQQKQ - Rze) = kQ2K>
(T +p2)Ass (Rk,s - Rz) = p2k
Cr+ % =7r1Ko+ 71+ Tinw,1 —6BQ1Ko
Ca + % =7f2+ Tinv2 + T2 —6pQ2K1 + B1 — T
C3=mp3+mp3+ By — T3

[bal. sheet of banks, t=1]
[bal. sheet of banks, t=2]
[ICC, t=1]

[Credit spread, t=2]
[ICC, t=2]

[Credit spread, t=3]

[BC for t=1]

[BC for t=2]

[BC for t=3]

for the Center:
Q{Kf{ + F{ + F} = D1 + 6pQ5 K§

QSKS + F§ + Fy = Do + 55Q5KS + 0[RS ,Q5K§ + R{F + RYFY — RiD |

BC

Cf + ITi

RS
Cs+ 72+ D2 =755+ 70+ 70 —0BQRSKT + D1 + BY — T3

+ D1 =riKG+ 751+ e — 68QTKG

C§ = 71';,3 +7Tg73 +B§+R2D2 7T§

[Bal. sheet of banks, t=1]
[Bal. sheet of banks, t=2]

[BC for t=2]
[BC for t=2]
[BC for t=3]

International Links:

neBE +nyBY +neBf =0

[Net Supply of Bonds, t = {1,2}]

Note: when solving the model normalize the initial world capital to 1 and distribute it across countries according to their population

sizes. The initial investment is set as Ip = 6 Kq, and since I3 = 0 the price Q3 is a constant.

Auxiliary definitions:

Ciq1 7
Ct

Stochastic discount factor: A; 11 = (
Effective discount factor of banks: Q1 = (1 — 0)A1 2 + 6% R 3A1 3
Taxes: Ty = — 1y Ky
Marginal product of capital: r, = a4, K

Profits of firms: my, = (1 — o) A K

Profits of investors: Tinv,t — QtIt — C(It, It—l) = QtIt — It (1 + % (Itlil

_ 1)2)
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Profits of bankers in EMEs, t=2: 77 , = (1 — 0) (Rk2Q{ K7 — R1 FY)

Profits of bankers in EMEs, t=3: Ty 5 = R} 3Q5KS — RoFy, e = {ab}

Profits of bankers in Center, t=2: 7f , = (1 —6) (RE)QQfo + RYFE + RYFY — R1D1>
Profits of bankers in Center, t=3: 7f 5 = Ry, 3Q5K$ + R, F5' + R3FY) — Ry Dy

E.3 Proof of propositions for extended model
Proof of proposition 1 for extended model.

Proof. W.L.O.G. I will work in a perfect foresight setup, otherwise the same result applies to the
expected credit spread.

The time index of the spread is given by the time in which the revenue rate is paid. We can
obtain the credit spreads from the EME-Banks F.O.C. with respect to F and Fb.

For t = 2, 3 the spreads are given by:

K
Spro = Rp 2 — Ry1 = Mﬁ
K
Sprs = Ri3 — Ry 2 = Mﬁ
if the ICCs bind we have u; > 0 and it follows that:
dSpry P
= >0
Ok (1 + /Ll)Ql
0Spr3 M2

= >0
ok (1+ p2)Aa23

Proof of proposition 2 for extended model.

Proof: W.L.O.G. I will work in a perfect foresight setup, otherwise the same result applies to the
expected value of the leverage.

From the ICC of the EME-Banks for each period I obtain the leverage, defined as total assets
over net worth. Then I differentiate the resulting expression with respect to the tax.

For the last period:
The ICC is: J2 = A273(Rk73L2 — Rb’gFg) = KQLQ

By substituting the foreign lending F> = Ly — N3, where N; is the net worth in the last period
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(bequests plus retained previous profits) and solving for Lo:

where ¢, denotes the leverage. Now, I substitute Ry 3(73) = [(1 — m3)r3 + (1 — §)Q3]/Q2 and
differentiate with respect to the policy instrument:

Opa (A23)% Ry - 73

Zre _ <0
ot (A23(Ry3 — Rp2) — k)%2Q2

For the first period:

The procedure is the same but the algebra is a bit lengthier as I substitute both balance sheets
(F1 = L1 — 0pQ1 Ko, and Fy = Q2K2 — N») in the value of the bank in the right-hand side of the
ICC for the first intermediation period J; = kL.

After substitutions and some algebra, the ICC becomes:
[Q1(Rio — Rp1) — K]L1 + [ Ry 1]68Q1 Ko + A1 36[(Ri 3 — Rpa)La + Ry20pQ2K1] =0
With Ql =(1- 9)1\172 + A17392Rb72
The leverage is given by:

Ly —[MRy1] — A1 30[(Ri3 — Re2) Lo + Ry 205Q2K1]/(05Qo K1)

¢1 - 5BQOK1 B [Q]_(Rk,Q — Rb,l) — Ii}

Then,

01 Ry + Mig0[(Res — Ryo)Lo + Ry20pQ2K1]/(05Q0 K1) (7‘2(72)) <0

or [ (Re2 — Ry) — k)2 Q1

Finally, notice how in the expressions gi;; and gi;; the denominator implies that the derivatives

grow with the friction parameter . |

E.4 Optimal Taxes in extended model

Individual optimal taxes. The procedure for obtaining the optimal taxes consists of equating
the welfare effects 4V to zero and then solving for the tax. This is done via backward induction.
First, I solve the last period case for 73, and similarly in the first period for 7 (73, ). Afterward, I
replace the solution found in the first step to obtain 7».

In the case of the center and for the last period, there are no explicit 7§ terms in the welfare
effect. Then, to pinpoint the tax I use the fact that banking returns show the tax explicitly (Rj 3(73))
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to back out the tax after substituting it for one of the rates it equates.

contemporaneous component

dQ¢ B dR;

o a—1 1 { a
= — I + kK — kR
B g () G T Ry e TG
Ais dQs B dR, Ao\ ., dKS
1—- = 1—Ap) == 14+0(A1g—Ag3z) — — 9
+< A2,3> a4(ﬁ)dKf (1= Ai2) 2 arce TRl (A12 = A23) Mo @2 e
forward-looking component
1 dQs B¢ dR; } 1

Ty = — ay(k Ay 3—= k(1 —0A g 1—-—

3 Nosars { a( )ng + Az R dK§ + 5 ( 2,3) Q3 ¢ + o

contemporaneous component

c__ 1 c Bf dRy c dQ{lz ngnlw ab eme dFlab

= s {(1 0)(1 - 6)Q5+ (5 — 0D1) T K e + (= 0) (R e
1 dK§  BS dRy dQs dRge b dFg® af —1
= =2 Fe eme
"R {”2 dKe T Rpar:  Pare T\ Taxz ? T Gre )| 1T Tag
forward looking component
QS [ dKS dRy Qs o ARETC ) (1= 6)Qs
c— 220,002 A, Be 2 Fg 1
=T amg TP g T g T () pa A

with Oé4(l€) = Ig + H(l — 91\273) KS, Yo = 7”§ + (1 — 5)@3, Y3 = Ry (I2c—|— (1 — 0)(1 — 5)Kf),

F = F# + F?, and aag,iﬂ) > 0.
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F Online Appendix

FE1 Solution of the Model

Original System:

Ki=5L+4(1-0)&Ko
Y1 = A1(§1Ko)”
Yo = Aa(§2K1)”
ry = aAtf,?‘Kf‘__ll, t={1,2}
T2 + (1 —0)60Q2
Q1
Q1K1 = F1 + 6,Q1 Ko
Tp2 > kR 2Q1 K1
(B2 — Ro1) = p(hRg2 — (Re2 — Ry1))
Fi' + FY + QTKT = D1 + 6,Q1 K§

Ry =

Ry, —Rp1=0
R}, —Rp1=0
R%,Z - RD}l == 0

BS
Cy + R7i = 71K+ 71 + M1 — QTG
1
Cy =mio+mpo+ B —T°,  fors={a,b}

CS + gg + D1 = r{Kj§ + 751 + T 1 — QTG
O3 =759+ mho+ Bi+ Rp1D1 —T°
u'(C1) = BR1U(Cy)
u'(CS) = BRp 14/ (CS)
naBY + nyBY + neBf =0
RS =R}

RS = le =Ry

We replace the following profits:

e = A (§I1)* — iK1, fort={1,2}
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(1)-G)

(4)-(6)
(7)-9)
(10)-(12)
(13)-(15)
(16)-(21)

(22)-(24)

(25)-(26)
(27)-(28)
(29)-(30)
(31)
(32)
(33)
(34)
(35)-(36)
(37)-(38)
(39)
(40)
(41)-(43)
(44)
(45)
(46)
(47)



T 2
Tinv,1 = Q11 — I (1 + % (I_l - 1) )
775,2 = RZ,QQTKf - Rz,lFlsa for s ={i,e}
Tho = Ry FT' + Rg,1F1b + Ry Q1KY — Rp1Dy
Simplifications (reduction of number of equations) are applied in the following order:

- §1: Replace all related interest rates (we can drop Ry ;, R271, R', R, R°)

- §2: Remove already solved equations (function of parameters or pre-defined variables, hence
we drop @Q2,Y7). Replace Ya, 71, ro, F7 = Q{K] — 0pQ7 K. From (41) and (42) obtain Ry = Rp,
and replace.

- §3: Substitute Rf , = R1, —T = 712K,

Then, the final system of equations used for solving the model is:

¢ <If )2 (f? ) I
d=1+2(=——-1 ——1] = 1
Q1 T3 Ta +¢ Ta Ta 1)
b 2 b b
b ¢ (17 Iy Iy
Q1—1+2<I—b—1> —l—C(I_b—l)I_b (2)
¢ (If )2 <If ) It
¢ — 1 — —_ — 1 = = 3
Q1 =+ AL +¢ Te Te 3)
Ki =1+ (1-06)§Kjy (4)
K} =1} + (1 - §)§7 K¢ (5)
Ki =11+ (1-0)§Kj (6)
a 77.0‘ CKAO’ a aKa a—1 75 a
Rj o = (1-7")aAses Ql‘f +(1-0)£5Q2 @)
1—70)Abel agb a1y (1 _g5)eb
RZ,2 — ( ) 13 Q11i ( )€2Q2 (8)
_Tc @ c¢ec c a—1 _ c
Ry = (1-7°)aASES f;li +(1-0)£5Q2 ©)
k2 QI KT — RiQTKY + Ri0pQi Ky = £ Ry 5 Q1KY (10)
Ry, QYKY — RIQYKY + RidpQiKY = KPR} ,QLKY (11)
Riy— Ry =p" (K*Riy — (Riy — Ry)) (12)
Riy—Ri=p (WRY, — (Rhy — Ry)) (13)
QiKY — 6pQiKS + QYKY — 6pQY Kb + QSKY = Dy + 65Q5K§ (14)
a Bil a a a\« arfra a C I:[ll 2 a a
& +371 = AT(ETKG)™ + Q1IT — I 1‘*‘5 Ta ~ —0BQTKj (15)
2
b BY bbb brb b (R b b
Cr+ R AV(GKy)*+ Q1) —I7 [ 1+ o\ —6pQ1 Ky (16)
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O3 = (1 - ) AS(&KY)™ + R ,Q1 KT — RQTKY + RipQi Ky + B + 7r3 K (17)

C8 = (1 — a)AS(EBKD)* + Ry QY K} — RiQVKY + Ri6pQYK{ + BY + 7'r3 K} (18)
C B% C C C\Qx cycC C C Ilc 2 C C
Cf + R, + Dy = AT(ETKG) + QT — IT [ 1+ o\ 7 — QT K{ (19)

C5 = (1 —a)AS(EKD)Y + RiQTKY — Ri0pQIK{+
+RIQVKY — Ri6pQUKY + RiQSKS + BS + 7rSKS (20)

C¢ =7 = BRCY 7 (21)
Cb =7 = BR,CS —° (22)
C¢ =7 = BRICS ~° (23)
na B 4+ nyBY + n B = 0 (24)

Variables: Q,Q%, Q5. I¢, It It K¢, KV, K¢, D1, Ry 5, RY ,, C¢, Cb, C,C3, CY, Cs5, BS, BY, Bf, Ry, p®, it

This final system of 24 equations corresponds to the system in table A1, which in addition
also has three equations for the price of investment in ¢ = 2 (that is constant since there is no
investment in the terminal period), and two equations for the interbank lending to emerging
economies Ff with e = {a, b}.

E2 Steady State of the Baseline Model

In this section, we show deterministic steady-state equations and the solution of the model.

We depart from the system of equations in table A1l. Some variables are pinned down directly
from a static version of the equations:

Q' =
I' = 5KV
B =0
1
R=_=
B
. (R—(1—8)\=T
K (a(1—70)>

The rest of the system, expressed in static terms leads to the following system of equations:

F=(1-7aK** " +1-6
R =(1—7"aKt* 1 41-96
B(R — (1= 6)R) = K"
B(R, — (1 - 6)R) = &
B(R} — R) = p*(k* — B(R}, — R))
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B(R} — R) = pP (" — B(R} — R))

(1—6)K*+(1—8)K'+(1—-38,)K°=D
1 11—« R — R T
1 = Koo k Koo I Koo
(*R) < ) "R "R
R — R o
1 = Kba k Kba 7Kba
( +R) ( > TR "R
c 1 1- ca a b c T ca
C 1+§ + D = K (1—(55)K +(1—(5b)K +(1—5b)K +?K ,

where the last three equations are obtained from the life-time budget constraint of each represen-
tative household.

We solve this system of equations for: C¢, C®, C¢, K® K% D, R¢, Ry, u®, ub.

E3 Additional Ramsey Policy Equilibria results
In this section we report the simulation results for alternative versions of the baseline model.

E3.1 Financial Frictions in the Center

This version of the model includes a financial friction in the center banking sector. In that case,

the center bank solves:

max Ji = Eihi oy = Er [Ayo(REFY + Ry, FY + B LS — RpaDi)|,

F1,L1,D1
st. FO4+ FP+ L = Dy + 6,Q5 K,
Ji > KB1AS o | RGP+ Ry FY + RE L5

with associated F.O.C. analogous to the emerging banks’ problem but yielding expressions for
positive credit spreads between the center’s revenue rates (Ry,, Rb 1» ) and the deposit rates.

As a result, we no longer have that most interest rates in the model are equalized to R; (the
world interest rate of bonds), but that intermediation rates of the center (R}, 5, Ry, Rg’l) will also
be subject to a premium. In this version of the model we still obtain no gains from coordination
(results are shown in appendix F.3). However, now we get lower gains with respect to the no
policy case and the peripheries will apply more subsidization.

The intuition for this new finding is that the friction in the center works in the opposite direction
on the emerging credit spreads. That is, a premium in the center lending rates will decrease
the credit spreads in the EMEs. We could say that the frictions between lenders and borrowers
are partially offsetting each other, the aggregate effects of the distortions are weaker and the
peripheries would now opt for subsidizing the intermediation rather than undoing the friction.
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Table F6: Welfare comparison for the model with frictions in every economy (xk* = x* = 0.399 and

k¢ =0.1)
Bechmark: Nash Bechmark: First Best
Cooperation Cooperation Cooperation Nash Cooperation Cooperation Cooperation
Country (All) (EMEs) (Center and EME-A) (All) (EMEs) (Center and EME-A)
C (Center) 1.00 1.00 1.00 1.03 1.04 1.03 1.03
A 1.00 1.00 1.00 0.97 0.98 0.98 0.97
B 1.00 1.00 1.00 0.97 0.98 0.98 0.98
World 1.00 1.00 1.00 1.00 1.00 1.00 1.00
EME Block 1.00 1.00 1.00 0.97 0.98 0.98 0.98

Units: Proportional steady state consumption increase in the benchmark model

Table F7: Ramsey-Optimal taxes for the model with frictions in every economy (k% = x* = 0.399 and

k¢ =0.1)
Policy Scheme
Country Nash Cooperation Cooperation Cooperation
(ALl (EMEs) (Center and EME-A)
T -0.11 -0.68 -0.19 -0.47
b -0.11 -0.68 -0.19 -0.22
T¢ 0.68 0.34 0.65 0.55

Units: proportional tax on banking rate of return

E3.2 Other alternative exercises results

Table F8: Welfare comparison for the model with higher financial friction in both emerging economies
(ko = rt = 1)

Bechmark: Nash Bechmark: First Best
Cooperation Cooperation Cooperation Nash Cooperation Cooperation Cooperation
Country (All) (EMEs) (Center and EME-A) (All) (EMEs) (Center and EME-A)
C (Center) 1.00 1.00 1.00 1.01 1.01 1.01 1.01
A 1.00 1.00 1.00 0.99 0.99 0.99 0.99
B 1.00 1.00 1.00 0.99 0.99 0.99 0.99
World 1.00 1.00 1.00 1.00 1.00 1.00 1.00
EME Block 1.00 1.00 1.00 0.99 0.99 0.99 0.99

Units: Proportional steady state consumption increase in the benchmark model
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Table F9: Ramsey-Optimal taxes for the model with higher financial friction in both emerging
economies (k* = k? = %)

Policy Scheme
Country Nash Cooperation Cooperation Cooperation
(ALl (EMEs) (Center and EME-A)
T 0.20 -0.30 -0.04 0.15
b 0.20 -0.30 -0.04 0.16
T¢ 1.29 1.09 1.23 1.25

Units: proportional tax on banking rate of return

Table F10: Welfare comparison for the model with higher financial friction in one emerging
economy (k* = %, kY = 0.399)

Bechmark: Nash Bechmark: First Best
Coop.  Coop. Coop. Coop. Nash Coop. Coop. Coop. Coop.
Country (All) (EMEs) (C+EME-A) (C+EMEB) (All) (EMEs) (C+EME-A) (C+EMEB)
C (Center) 1.00 1.00 1.00 1.00 1.01 1.01 1.01 1.01 1.01
A 1.01 1.00 1.00 1.00 0.99 0.99 0.99 0.99 0.99
B 1.01 1.01 1.01 1.01 0.98 0.99 0.99 0.99 0.99
World 1.01 1.00 1.00 1.00 0.99 1.00 1.00 1.00 1.00
EME Block  1.01 1.01 1.01 1.01 0.98 0.99 0.99 0.99 0.99

Units: Proportional steady state consumption increase in the benchmark model

Table F11: Ramsey-Optimal taxes for the model with higher financial friction in one emerging
economy (k* = %, kY = 0.399)

Policy Scheme
Country Nash Cooperation Cooperation Cooperation Cooperation
(All) (EMEs) (Center and EME-A) (Center and EME-B)
T¢ -0.05 -0.28 -0.08 0.08 0.11
b 0.09 -0.12 0.18 0.40 0.37
T¢ 1.19 1.03 1.17 1.20 1.20

Units: proportional tax on banking rate of return
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Table F12: Welfare comparison for the model with larger financial center. Population sizes:

(naanbync) = (%7 %7 %)

Bechmark: Nash Bechmark: First Best
Country Cooperation Cooperation Cooperation Nash Cooperation Cooperation Cooperation
(Al (EMEs) (Center and EME-A) (All) (EMEs) (Center and EME-A)
C (Center) 1.00 1.00 1.00 0.98 0.98 0.98 0.98
A 1.00 0.99 1.00 0.99 1.00 0.99 1.00
B 1.00 0.99 1.01 0.99 1.00 0.99 1.00
World 1.00 1.00 1.00 0.98 0.99 0.98 0.99
EME Block 1.00 0.99 1.01 0.99 1.00 0.99 1.00

Units: Proportional steady state consumption increase in the benchmark model

Table F13: Ramsey-Optimal taxes for the model larger financial center. Population sizes: (nq,np,n.) =

112
(5750 3)-
Policy Scheme
Country Nash Cooperation Cooperation Cooperation
(ALl (EMEs) (Center and EME-A)
T¢ -0.71 -0.90 -0.44 -1.14
b -0.71 -0.91 -0.44 -0.92
T¢ 0.09 -0.05 0.30 -0.11

Units: proportional tax on banking rate of return

Table F14: Welfare comparison for the model with a smaller periphery. Population sizes: (nq,ny, n.) =

11 1
(36 2)
Bechmark: Nash Bechmark: First Best
Country Coop.  Coop. Coop. Coop. Nash Coop. Coop. Coop. Coop.
(All) (EMEs) (C+EME-A) (C+EME-B) (All) (EMEs) (C+EME-A) (C+EME-B)
C (Center) 1.00 1.00 1.00 1.00 1.00 1.01 1.01 1.01 1.01
A 1.00 1.01 1.00 1.00 0.99 0.99 1.00 0.99 0.99
B 1.01 1.01 1.01 1.01 0.97 0.99 0.99 0.99 0.99
World 1.00 1.01 1.00 1.00 0.99 1.00 1.00 1.00 1.00
EME Block  1.01 1.01 1.00 1.00 0.98 0.99 0.99 0.99 0.99

Units: Proportional steady state consumption increase in the benchmark model
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Table F15: Ramsey-Optimal taxes for the model with a smaller periphery. (n,,n,ne) = (3, &,

Policy Scheme
Country Nash Cooperation Cooperation Cooperation Cooperation
(ALl (EMEs) (Center and EME-A) (Center and EME-B)
T 0.30 0.25 0.13 0.32 0.35
b -0.16 0.11 -0.67 0.33 0.27
T¢ 1.12 1.06 0.97 1.14 1.15

Units: proportional tax on banking rate of return

Table F16: Welfare comparison for model with unfeasibly aggressive subsidization

Bechmark: Nash Bechmark: First Best
Country Cooperation  Cooperation Cooperation Cooperation
(EMEs) (Center and EME-A) (EMEs) (Center and EME-A)
C (Center) 1.03 1.04 1.03 1.05
A 1.00 1.10 0.99 1.08
B 1.00 0.99 0.99 0.98
World 1.01 1.04 1.01 1.04
EME Block 1.00 1.04 0.99 1.03

Units: Proportional steady state consumption increase in the benchmark model

Table F17: Ramsey-Optimal taxes for the model with unfeasibly aggressive subsidization

Policy Scheme

Country Cooperation Cooperation
(EMEs) (Center and EME-A)

T -0.75 -1.66
7 -8.21 -2.37
7 -8.21 -15.09

Units: proportional tax on banking rate of return

F4 On Achieving Gains from Coordination

To understand potential welfare equivalence between regimes with different instrument combina-
tions (that internalize international spillovers) we can can refer to Korinek (2016), who develops a
first welfare theorem for open economies. In a nutshell, the premise from which a call for policy
coordination departs is that the de-centralized equilibrium is inefficient and could be subject to
Pareto improvements if coordinated. However, there are a number of sufficient conditions that

allow the non-cooperative outcome to become efficient:

1. Competition: The policy makers act as price takers by not exerting market power over
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international asset prices.

2. Sufficient Instruments: The policy is flexible and effective enough to achieve the targeted level
in the international variables of interest.

3. Frictionless International Markets: The international market for assets is free of imperfections

or frictions that would impair risk sharing.

Notice that no other conditions are necessary, that is, there can be other domestic frictions in
place and the non-cooperative outcome will still be efficient and coordination would be redundant.
The lesson from this theorem is that, as long as the flow of resources in the international markets
is efficient and we have a flexible and effective toolkit to set allocations at desired levels, any policy
can achieve the first best and the international externalities represent only efficient spillovers.

On the other hand, the policy spillovers may not be strong enough in our simplistic setup
to deliver important welfare differences between regimes. For example, and to elaborate on
this point, the policies in our setup have short-lived effects as the banks intermediate only once.
The alternative exercises relative to the baseline (costly policies, dynamic policymaking, altered
frictions) that we carry out are motivated by this theorem result and go precisely in the direction
of departing from international spillovers efficiency conditions.
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