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Abstract

This paper studies the interaction of international shadow banking with mon-
etary and macroprudential policy in a two-country currency union DSGE model.
We find evidence that cross-country financial integration through the shadow
banking system is a source of financial contagion in response to idiosyncratic real
and financial shocks due to harmonization of financial spheres. The resulting high
degree of business cycle synchronization across countries, especially for financial
variables, makes union-wide policy tools more effective. Nevertheless, optimal
monetary policy at the union-level is too blunt an instrument to adequately sta-
bilize business cycle downturns and needs to be accompanied by macroprudential
regulation. Our welfare analysis reveals that the gains from the availability of
country-specific prudential tools vanish with the degree of financial integration as
union-wide macroprudential regulation is able to effectively reduce losses among
the union members.
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1 Introduction

An unprecedented feature of the Global Financial Crisis (GFC) was the international
synchronization of core macroeconomic real and financial variables. As lately pointed
out by Perri and Quadrini (2018) or Imbs (2010), the decade before the GFC and the
periods thereafter showed exceptionally high comovements in financial and business
cycles along major industrialized countries. Among others, two distinctive features
fostered these developments. On the one hand, the last decades showed a trend of fi-
nancial globalization through cross-border banking activities, leading to an integration
of financial systems (Claessens 2017). While this accounts for the bulk of advanced
economies, it has especially been the case for Europe and the euro area. Prior to
the GFC, EU and euro area located banks accounted for 57% of global cross-border
banking flows (Emter et al. 2019). Intra-euro area cross-border banking flows like-
wise increased in importance. Amounting to €700 billion in 1999, they tripled until
2008 to reach roughly €2100 billion (Poutineau and Vermandel 2015). On the other
hand, shadow banking gained in importance as a provider of credit. As it combined
high leverage and excessive credit growth with missing regulatory requirements, shadow
banking appeared as a significant vulnerability and risk to financial stability. In Eu-
rope, its amount increased from EUR 9 trillion in 2003 to EUR 31 trillion in 2017,
reflecting roughly 40% of total euro area financial assets (Kirchner 2020). As regards
the banking exposure towards EU and euro area shadow banking entities, Abad et al.
(2017) show that one third of EU-banking exposure is towards shadow banking entities
within EU member countries (largely within the euro area). In the wake of the GFC,
these developments have been responded to with international regulatory reforms that
resulted in macroprudential regulations aimed at the resilience and stability of financial
systems (the BASEL IIl-accords). However, given tightly regulated banking sectors
on the one hand, and largely unregulated shadow banking sectors on the other, a gap
in financial stability policy emerges that may induce cross-sector substitution effects
(Abad et al. 2017). This is especially important in the context of a monetary union
within which financial linkages in combination with a single market and a common
currency promote economic and financial integration and thereby a synchronization of
real and financial variables. What arises as a natural question in this context then is to
what extent country-specific (i.e. at the level of national authorities) or superordinate
macroprudential measures (i.e. at the level of the ESRB and ECB) are able to mitigate
the transmission and impact of shocks and how they interact with monetary policy.
In this paper, we address these considerations and develop a monetary DSGE-model
to document the optimal design of macroprudential measures in the context of a mon-
etary union within which shadow banking exists alongside retail banking. Our core
model builds on the stylized two-country model with financial frictions of Dedola et al.



(2013) that we adjust to a two-country monetary union setup with nominal frictions
and shadow banking. In this setup, retail banks collect deposits and bank equity from
households and use these funds to make loans to domestic goods producers and domes-
tic shadow banks (we loosely think of this as interbank credit). Shadow banks, however,
are not able to collect deposits or equity from households and are dependent on funds
from their sponsoring retail banks. They use interbank credit and retained earnings to
make loans to both domestic and foreign intermediate goods producers. Accordingly,
our benchmark scenario features financial integration realized through cross-border ac-
tivities of shadow banks. As a result of this cross-border financial integration, the main
financial variables are perfectly aligned internationally. A supranational central bank
targets inflation through the union-wide nominal interest rate and macroprudential su-
pervision follows the common BASEL III-Accords. We roughly capture these objectives
through a capital buffer based on the outside equity ratio of retail banks. The policy
rule reacts countercyclically to changes in credit spreads from its steady-state level as
a sign for financial distress. More precisely, when a shock forces a deep recession with
accompanied downturns in macroeconomic and financial variables, credit spreads tend
to widen and hence put additional pressure on economic activity. In such a case, macro-
prudential policy reacts by allowing retail banks to operate at a higher leverage ratio
through holding less equity capital against their outstanding assets. As this allows retail
banks to operate their business with lower levels of capital, it moderates the process of
deleveraging and motivates credit origination.

In this setup, we analyze the design of monetary and macroprudential policy when
real (technology) and financial (net worth) shocks hit the monetary union. A financial
shock unfolds equivalent destructive impacts in both countries while a real shock hits
with varyingly strong impacts. The impact on the productive sectors depends on the
nature of the shock (real vs. financial and union-wide vs. idiosyncratic shocks) while
financial variables co-move as a result of integration in the financial sphere. Using
regulatory policies in the setup of a monetary union then implies considerations on
the country-specific vs. union-wide arrangement of such policies as internationally
integrated financial markets might require common prudential standards (Cecchetti and
Tucker 2016). We address these aspects and consider country-specific and union-wide
macroprudential regulation and their optimal design to stabilize household welfare.

Our analysis allows the following results. In the case of shocks to the real sphere,
we find that the existence of shadow banking intensifies the financial accelerator effects.
Shadow banks, highly leveraged and dependent on retail banking funds, appear to be
an additional source of instability and thus operate as a shock amplifier. However,
during financial shocks, shadow banking under financial autarky rather operates as
shock absorber as it can partly compensate the losses incurred by retail banks.

In terms of the optimal design of macroprudential policy, we find that regulation



situated at the country-level is only beneficial under financial autarky or absent shadow
banking. A sufficiently large stabilization of the relevant household welfare measure
is only achieved once macroprudential regulation acts union-wide hence coordinated.
Such a supranational macroprudential regulation that symmetrically intervenes in both
countries of the union is able to effectively counteract the negative consequences of the
observed shocks. While the gains are larger for financial shocks than for real shocks,
they are even facilitated through the forces of financial integration. This result seems
plausible as macroprudential regulation as based on BASEL III is primarily designed
to address system-wide risk in the banking sector and hence financial stability (see
e.g. BIS 2010). A policy designed to counteract the build-up of bank exposure is
thus highly effective given shocks emanating from this very sector. Furthermore, the
follow-up effect of union-wide macroprudential regulation is a more stringent setting of
the policy rate through monetary policy. Since financial stability is cared for by the
macroprudential regulator, monetary policy is now able to react more aggressively to
its primary objective inflation. Moreover, our welfare analysis shows that under real
shocks, the mere existence of (national) shadow banking causes increasing welfare losses.
In such a case, neither financial integration nor macroprudential policy can compensate
the additional losses. As the shadow banking sector in our model (and in general) is
unregulated and highly leveraged, it constitutes a vulnerability to the stability of the
financial system. A macroprudential regulator equipped with an entity-based regulation
approach as in our case thus only indirectly affects the vulnerabilities originating from
this sector.

To the best of our knowledge, this is the first paper that analyses the cross-border
transmission of shocks and the effectiveness of macroprudential policy in a two-country
monetary union model with shadow banking.

The paper is structured as follows: we review related literature in Section 2. In
Section 3, we introduce the basic model and our monetary and macroprudential poli-
cies. Section 4 provides the dynamics of the model. We start with the calibration
and then turn towards the international transmission of shocks and the corresponding
analyses. We then discuss the implications of macroprudential policy at the country
and union level, and analyze the welfare implications given the optimal design. Section
5 concludes.

2 Related Literature

Our analysis is related to several strands of literature. As we use a monetary DSGE
setup with financial intermediaries, our analysis is related to the early wave of models
that accounts for banks as intermediaries of financial capital between savers (house-



holds) and investors (firms). A seminal paper in this direction is Gertler and Karadi
(2011). The authors implement retail banks into an otherwise standard monetary DSGE
setup along the lines of Smets and Wouters (2003, 2007) and Christiano et al. (2005).
Financial frictions arise as a moral hazard problem between banks and households and
restrain banks in their ability to receive unlimited funding from households. In this
setup, the authors study the impact of a capital quality shock and the ability of uncon-
ventional monetary policy measures (credit market interventions by the central bank)
to stabilize the business cycle. The model by Gertler and Kiyotaki (2011) resembles
the former except for they implement liquidity risk (in the sense of Kiyotaki and Moore
2012) and abstract from nominal rigidities. Given this setup, the authors analyze un-
conventional credit policies conducted by the central bank. In Gerali et al. (2010), the
banking sector is modeled in monopolistic competition as opposed to perfect competi-
tion in Gertler and Karadi or Gertler and Kiyotaki. The authors use the setup to study
the impact of real and financial shocks (e.g. bank capital loss) on the business cycle.

Whereas the former papers consider closed-economy models, our model is a two-
country setup with international financial flows within a currency union. Accordingly,
we join the ranks of the strand of literature that deploys open economy models to
study cross-country banking activities and financial flows and the international trans-
mission of shocks. For example, Dedola et al. (2013) use a two-country model with
symmetric countries and financial intermediation in the sense of Gertler and Karadi
(2011). The financial market is integrated internationally in that households can make
deposits in home and foreign banks, and banks can lend internationally to firms. Given
this setup, they study the international transmission of financial and real shocks and
implement different unconventional credit policies in cooperative and noncooperative
settings. Opposed to this, Nuguer (2016) develops a two-country model with an in-
ternational interbank market where banks can lend to each other on an international
scale. As this transmits shocks from one country to another, the setup is used to study
the international transmission of shocks through bank balance sheets and the model
response to different credit policy measures. While these papers consider two indepen-
dent countries, we use the setup of a currency union. We are thus close to the approach
of Poutineau and Vermandel (2015) who build a two-country DSGE setup for the euro
area and study the transmission of shocks through cross-border banking flows. Quint
and Rabanal (2014) use an estimated two-country model fitted to the euro area and
study the interaction of monetary and macroprudential policies.

In all of the previous models, financial intermediation is conducted trough traditional
banking only. We depart from this literature in that we model heterogeneous financial
intermediaries as observed before and during the crisis. We thus contribute to a recent
strand of literature considering shadow banking alongside traditional (retail) banking.
However, while this strand uses closed-economy setups, we implement shadow banking



into a two-country monetary union model. In Gertler et al. (2016), the financial
intermediation setup of Gertler and Karadi (2011) and the model of banking instability
of Gertler and Kiyotaki (2015) are extended to feature a wholesale banking sector,
i.e. shadow banking. The authors consider wholesale banks to be borrowers on the
interbank market, i.e. "sponsored" by other banks, and to have comparative advantages
in managing financial capital. Retail banks use household deposits and are lenders in
the interbank market. The authors forgo the productive side and use a financial setup
to study bank runs and intervention policies (both macroprudential and monetary).
In Meeks et al. (2017), the interaction of retail banks and shadow banks is based
on the ability of shadow banks to transform illiquid loans into tradable assets (ABS)
of higher collateral value that are purchased by retail banks. Given this setup, the
authors analyze the impact of a liquidity crisis and the possibilities of intervention
policies to stabilize business cycles. The model by Verona et al. (2013) considers
shadow banking as monopolistic competitive investment banks that provide safe credit
to a subset of entrepreneurs. Verona et al. (2013) show that once enriching their setup
with shadow banks, the model produces impulse response functions to monetary policy
shocks that are more in line with empirical observations. Feve et al. (2019a) deploy
a calibrated model with retail and shadow banking to evaluate the impact of different
macroprudential policies. Kirchner and Schwanebeck (2017) use a setup with retail
and shadow banks in the sense of Gertler et al. (2016) to study the optimal design of
unconventional monetary policy measures.

Motivated by the GFC, there is a large strand of literature that examines the role of
macroprudential policies in DSGE setups with financial intermediaries. We contribute
to this strand by analyzing these policies in the context of shadow banking. Notewor-
thy examples are Angelini et al. (2014) who use the setup of Gerali et al. (2010) and
study optimal macroprudential and monetary policies. To this end, the authors deploy
a time-varying capital requirement that follows a policy rule reacting to deviations of a
loan-to-output ratio to its steady-state level. The optimal degree of intervention is de-
pendent on the ability to minimize the regulators loss function, either in cooperative or
noncooperative behavior with the central bank. Poutineau and Vermandel (2017) use
a two-country monetary union model with interbank cross-border loan flows between
the core and periphery of the union. The authors implement macroprudential regula-
tion that sets a time-varying capital requirements either reacting to loan supply, loan
demand or capital flows. As they study the monetary union case, regulators can act
national or union-wide. In contrast, Palek and Schwanebeck (2019) use a two-country
monetary union model to study welfare-based optimal monetary and macropruden-
tial policy. In their setup, macroprudential policy is a country-specific countercyclical
capital requirement set by the welfare maximizing central bank.



3 The Basic Model

The core framework builds on the stylized two-country model with financial frictions
of Dedola et al. (2013). We extend this model by allowing for nominal frictions and by
implementing shadow banking. In particular, in contrast to Dedola et al. (2013), the
two perfectly symmetric countries belong to a currency union. Each country consists
of the following agents: households, capital producers, intermediate goods producers,
retailers and financial intermediaries split into retail and shadow banks. The financial
sector is modelled in the following way: in both countries, traditional retail banks and
shadow banks supply the respective productive sector with financial capital. Addition-
ally, shadow banks are internationally active and provide credit to domestic and foreign
intermediate goods producers. Financial frictions follow the approach of Gertler and
Karadi (2011) and are modelled as an agency problem in the intermediation of funds.
For retail banks, it limits the access to deposits from households and for shadow banks
the access to funds from retail banks. In this way, financial frictions affect the avail-
ability of funds that banks can allocate to intermediate goods producers.

We normalize the total population to one, where the population on the segment
[0, m) belongs to the home country, while the population on [m, 1] belongs to the foreign
counterpart. The presentation of the model focuses on country Home. Due to assumed
symmetry, foreign equations are equivalent. We denote foreign variables by an asterisk.

3.1 Households

A continuum of representative infinitely-lived households consumes final goods, saves
at retail banks and supplies labor to goods producers. Each household consists of
three members: workers, retail bankers and shadow bankers. As empirical patters show
that international deposit flows are negligible (see Poutineau and Vermandel 2015),
households can only save at domestic retail banks. Workers return the wage they earn
back to their respective household and so do bankers with their retained earnings once
they have to shut down the bank and leave the industry. Bankers who leave become new
workers and to keep the family members constant over time, a corresponding fraction of
workers becomes new bankers. To start the banking business, each new banker receives
startup funds from her respective household.
The representative infinitely-lived household maximizes the utility function

oo Cl—p L1+§0
E t t o t ‘| 1
D 0

with consumption index C; and labor ;. The parameters 5, p, x, and ¢ are the
discount factor, the inverse of the elasticity of intertemporal substitution, the utility
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weight on labor, and the inverse Frisch elasticity, respectively. The flow of funds reads
Ci+ Dy + qrer = Wily + Ry_1Dy 1 + Reyqp—1ei-1 — G (qeer) + 11y — T3 (2)

We follow Gertler et al. (2012) and Nelson and Pinter (2018) and allow households to
save in two forms: deposits D; and bank outside equity e; priced at ¢;. Whereas the
former is a liquid demand deposit and risk-free as it is a non-state contingent claim,
the latter depicts a claim that is contingent on the cash-flows of the bank and a rather
illiquid claim as changes to the portfolio are costly. As mentioned above, the income of
the household is composed of the real wage W, earned on hours worked L; and gross real
returns R;_; and R, ; on savings in the form of domestic deposits D,_; and holding bank
outside equity e, 1 at price ¢;_; between ¢t — 1 to ¢t minus adjustment costs G (q.e;) for
the equity portfolio. II; are net earnings from the ownership of firms, retained earnings
from banks and paid startup funds for new bankers while 7; denotes lump-sum taxes.

Maximizing the households utility function subject to the flow of funds constraint
yields the first-order conditions for labor supply, consumption and bank equity:

UoWi = xLf (3)
Bl Ry = 1 (4)
EiAiii1Rer1 = 14+ G (qer). (5)

The marginal utility of consumption is defined as
UCt = Ct_ ? (6)

and the households stochastic discount factor is

The consumption index is defined as

CtE

(8)

(Cr)™ <0F,t>1m]

mm(1 —m)l-m

where C'; and Cp, are consumption bundles of domestic and foreign goodsﬂ Let Py
(Pr.) be the producer price index in country H (F') so that the corresponding consumer

!The definition implies an elasticity of substitution between the two bundles of goods that is re-
stricted to unity. This so-called "macro" Armington elasticity of one can be justified by recent research
as for example Feenstra et al. (2018).



price index is given by P, = (P )™ (PEt)l_m. Prices are set in the origin country, but
due to the absence of trade barriers, the law of one price holds for each good. Assuming
identical preferences in both countries of the monetary union results in the purchasing
power parity condition P, = P;. By taking prices as given and by making use of the
definition of the terms of trade as the relative price of foreign goods in terms of home
goods, i.e. ToT; = P,/ Py, cost minimization leads to the standard demand functions

CH,t = mTOjﬁtlimCt (9)
CFt = (1 - m)TOTt_mCt. (10)

)

We assume that the adjustment costs for bank equity holdings of households are
quadratic and are scaled by the total amount of retail banks’ assets (S,; + B,.;). The
functional form reads:

ne Qtet/ (Srt + Brt) 2 qe
= — 2 2 — 1 B ———————
Glaer) = 5 ( ge/ (S, + B,) (S, + B,)

where variables without a time subscript denote steady-state values. By defining retail
banks’ outside equity ratio as

(Sr,t + Br,t) ) (11)

qi€t
= — 12
! Sr,t + Br,t ( )
the marginal portfolio costs are
-
& (qeer) = e (2= 1) (13)

Using (4)) in combination with (5)) gives the equity supply curve:

-
Eiiyi1 (Rery1 — R) =1, (;t - 1) ~ (14)

This equation depicts the costs to the household of supplying equity to the banking
system. If the marginal adjustment costs increase due to a rise in retail bank’s equity
ratio, households demand a higher return on their equity holdings compared to deposits.
Accordingly, the spread (R, 1 — R;) rises.

3.2 Intermediate goods producers

Perfectly competitive goods firms use a Cobb-Douglas production function given by

Y = A K L (15)



to produce intermediate output Y,, ;, that is sold to retailers at the real price P, ;. Total
factor productivity A; follows an exogenous autoregressive process in order to capture
technology shocks. Capital for production in the subsequent period ¢ + 1 needs to be
purchased from capital producers at the end of period ¢. Denote S; as this capital stock
"in process" at the end of t for t4 1. Then, S, is given by the sum of current investment
I; and existing undepreciated capital (1 — 0) K;:

S, =1+ (1-0)K, (16)

At the beginning of the next period, capital in process is transformed into capital for
production purposes according to

Kt+1 — St. (17)

Since goods producers have no own financial resources at their disposal to rent capital
from capital goods producers, they obtain funds (loans) from financial intermediaries
in exchange for perfectly state-contingent securities. For simplicity, we assume that the
intermediation process between goods producers and banks is frictionless. Banks can
perfectly monitor goods producers and enforce all contractual obligations while firms
can perfectly commit to pay all future returns to the bank. Each unit of security is
a perfect claim on the future payouts of a unit of capital and priced at ();, the price
for new capital. Accordingly, financial intermediaries are exposed to fluctuations in the
price of capital.

Profit maximization of the goods producers leads to the first-order conditions for
labor input

P, .Y,
W, =(1- a)—i L (18)
t

and capital input, formulated as the real return on capital

@Pm}&(}:m,t + (1 o 6)Qt
Rk,t == Q .
t—1

As bank loans are claims on the capital, they yield the same return Ry ;. On the other
hand, outside equity can be understood as claims on the banking sector and therefore
also claims on capital. Hence, they yield the following real return:

(19)

P’thmt
afmtdme 4 (1 5
R, = (R0 (20)
qt—1




3.3 Capital goods firms

Competitive capital goods firms produce new capital goods and sell capital to goods
producers at the price ;. Production of capital goods is subject to investment adjust-
ment costs following the functional form

I 7 I 2
() =55 2

satisfying f(1) = f'(1) = 0 and f”(1) > 0. By choosing investment I;, capital producers
maximize their profits according to the objective function

max EOZAt,t+1 {Qtft - {1 + f (%)] It} . (22)
t=0 t=

Profit maximization leads to the standard price of capital

I, ) I, ( I, ) (Itﬂ)z ,<It+1)
=1+ + — EiA —_ — . 23
Q. f(]t_l 2o () - B (Bt g (B (23)

3.4 Retalilers

Monopolistically competitive retailers produce final goods by using the intermediate
output as input and label it at no cost. Thus, final domestic output Y; as a CES
aggregate of a continuum of retail output is given by

Y, = [ / () dh] - (24)

where Y; (h) denotes the output of retailer A and e is the elasticity of substitution
between goods. Cost minimization leads to

v = (7 “”)E Vi pu- | [ (P () 4 - (25)

Py

To introduce nominal rigidities, we introduce price setting a la Calvo (1983) and assume
that only the fraction 1 —( of retailers is able to adjust their prices each period, whereas
the fraction ( of retailers cannot reset their prices. The retailers optimization problem
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boils down to choose the optimal price Py, in order to maximize profits following

o P
max EOZCZAt,t—H [P it Tum,t+1:| Yiyi (), (26)
— H 41

where T, = (¢ — 1)/e is a steady-state subsidy financed by lump-sum taxes in order
to eliminate steady-state inefficiencies due to monopolistic competition. The first-order
condition is given by

> i ?H, g
EOZC Appia |:PHt+t1 - 1Tum,t+1:| Yit1(h) =0 (27)
=0 :

and the domestic aggregate price index evolves according to
Py = [(1 = Q)(Pre)" ™ + ((Pre1) 77 (28)

3.5 Financial intermediaries

Within each country, financial intermediaries are responsible for channeling funds from
savers (households) to investors (intermediate goods firms). An important feature of
integrated currency unions are cross-border interactions of large banks with shadow
banking entities that are active in multiple countries. We capture this phenomenon
by allowing retail banks to shift parts of their balance sheet, namely interbank credits,
to domestic shadow banking entities that are able to invest in both countries. Hence,
cross-border financial integration is realized via the shadow banking system which is
therefore crucial in transmitting shocks and fluctuations between the countries. In this
setup, retail banks collect deposits and bank equity from households and use these funds
to make loans to domestic goods producers and domestic shadow banks. Shadow banks
are not able to collect deposits or equity from households and are dependent on funds
from their sponsoring retail banks. They use interbank credit and retained earnings to
make loans to both domestic and foreign intermediate goods producers.

3.5.1 Retail banking

Perfectly competitive retail banks are managed by bankers and owned by households.
At the beginning of period ¢, retail bank j uses deposits D, from households other the
ones they own, net worth N;,; from retained earnings and outside equity e;; at price ¢
to fund loan origination consisting of loans to goods producers S, priced at ¢);, and
interbank loans to the shadow banking system B;,;. We can write the balance sheet

11



identity during period ¢ as
QtSjrt + Bjri = Dji + qi€js + Njps. (29)

Net worth Nj, .1 evolves as the difference between interest earnings Ry ;i on non-
financial loans S, ; and earnings R} ;41 from interbank loans B, ; to shadow banks net
of obligations for deposits D, at R, and outside equity g.e;; at R.y1. It reads

N1 = (L4+T)Rit+1Q1Sjrt + Ro1+1Bjrt — RiDjy — Repr1que;
Nisiy1 = (L +Ty)Riip1 — Ri — (Reyr1 — Re) 754) QuSjrs +
(Rpp+1 — R — (Res1 — Re) Tjt) Bjrt + RiNj s, (30)

where T}, is a steady-state subsidy to banks financed by lump-sum taxes in order to
eliminate steady-state inefficiencies due to frictional financial intermediation. Hereby,
we follow Nelson and Pinter (2018) and implement this subsidy to pin the steady-state
credit spread down to zero, i.e. Ry = R. Therefore, the steady state of the real side of
the model will be equivalent to the one of a real business cycle model. Besides, note
that net worth of the retail banker is decreasing in the outside equity ratio 7 (j) when
Rei1 — Ry > 0.

Whereas net worth is an ensured endowment for the retail banker, the acquisition of
deposits and equity from households is dependent on a moral hazard problem between
the two parties. It follows Gertler and Karadi (2011) and limits the ability of retail
banks to obtain funds by assuming that banks have an incentive to run away with (i.e.
divert) a fraction of their balance sheet. In doing so, retail banks extract the fraction
0,, return it back to their household and announce bankruptcy in the next period since
the remaining fraction 1 — 6, is reclaimed from the other households. Accordingly,
households are only willing to supply deposits and equity to banks if they observe that
banks will remain active and proceed with doing business in the ongoing periods. Let
the discounted future payouts from accumulating net worth and hence the incentive
from staying in business be V., then the incentive constraint for the retail banker
reads

‘/j,r,t 2 er [QtSj,r,t + VB ',r,t] . (31)

The timing is that still in period ¢ but after raising new deposits and equity, banks
decide about diverting instead of maximizing the value of net worth. This is noticed
by households at the beginning of the next period t + 1 and immediately turns into
bankruptcy for the banker. We are assuming that the ability to divert assets is de-
pendent on the use of funds. Funds used for firm credit supply are governed by 6.,
(0 < 0, < 1) and funds for the shadow banking sector (interbank loans) are governed
by 0,y with (0 < v < 1). This means that domestic non-financial loans are easier to
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divert compared to interbank loans. We think of this as reflecting different collateral
values of assets (based on Meeks et al. 2017).
The value function of the retail banker is given by the following Bellman equation:

Viet =By [(1—0) Njpir1 +0Viria], (32)

where o is the surviving probability and 4;:1 the discount factor (same as for house-
holds since bankers are members of the very same). When bankers have to exit the
industry with probability (1 — o), they return the acquired net worth back to their
household. Otherwise, they continue to maximize the value of the bank.

Retail banks are supervised by a macroprudential regulator that sets the outside
equity ratio 7;;, which we will call the capital buffer, to avoid excessive leverage. As
the supply of outside equity from households is increasing in R, ;1 over 2, the capital
buffer in (30)) restricts the accumulation of net worth when R.;y1 — Ry > 0. Lower
levels of net worth reduce the value of the bank in , thereby tighten the incentive
constraint (31)) and reduce credit supply. As the macroprudential authority sets a
capital buffer requirement that is identical for all retail banks, we will drop the index
J.

The retail banker chooses S;,, Bj,; to maximize subject to (30), (31), and
the capital buffer requirement 7;,. We formalize this maximization problem by guessing
(and later verifying) that the franchise value of the bank can be written as

Viet = UrstQiSjrt + VrotBjrt — Ura Dt — Ure Qe
‘/j,r,t = (Urs,t — Updt — ('Ure,t - Urd,t) Tt) QtSj,r,t
+ (Urb,t — Upqt — (Ure,t — Urd,t) Tt) Bj,r,t + Urd,tN',r,t7 (33)

where the coefficients v, Urpt, Uras, and v, are the marginal values of each balance
sheet item except for IV;,; as the marginal value of net worth is equal to the marginal
value of Dj;.

The first-order conditions can be combined to yield

1
(Urs,t — Updt — (U're,t — Urd,t) Tt) - ; (U'rb,t — Uprqt — (Ure,t — U'rd,t) Tt) . (34)

The left-hand side expresses the excess return (adjusted for outside equity) for the
retail bank of assigning another unit of credit to firms. The right-hand side shows that
providing interbank loans has two effects. On the one hand, the retail banker receives
an excess return (adjusted for outside equity) of assigning another unit of interbank
loan. On the other hand, these loans lead to a relaxation of the incentive constraint
governed by v and the resulting increased willingness of households to supply further
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deposits. As both effects have to equal the excess return of assigning another unit of
credit to firms, the retail banker accepts a lower excess return on interbank loans if the
corresponding relaxation effect via - is strong enough

Combining , the guess and the incentive constraint yields a formula
for the ratio of total assets to net worth that the households are willing to accept:

QtSj,T,t + /}/Bjﬂﬂut J— U’I‘d,t
Nj,r,t 07“ - (Urs,t — Updt — (Ure,t — Urd,t) Tt)

= (br,t (35)

which we define as leverage ratio ¢, ,. By using this equation together with the Bellman
equation and the guess , we can rewrite the value function of the retail banker
as

Viet = Bty 1152001 Nj i1, (36)

where 2,41 =1—0+0 (Urd,t+1 + (Urst41 — Urdt41 — (Ure g1 — Urdt41) Te+1) ¢r,t+1) and
Nj 141 s given by . Due to the financial friction, the stochastic discount factor of
retail banks differs from that of households by the factor 2,;,;.

To verify the initial guess, the coefficients of have to satisfy

Upst = Eydyp1 8 00(1 4+ 1) R iia

Urpt = Et/lt,t+1 Qr,t—i—l Rb,t+1
Urar = Ay 1Ry
Uregt — Et/lt,t+1 Qr,t+1 Re,t+1- (37)

These equations together with the "allowed" leverage ratio show how the retail
bank is limited in the provision of loans and restricted to its net worth. Note, that the
leverage ratio is the same for all retail banks as it does not depend on specific factors of
bank j. Hence, we can drop the index j. The leverage ratio is increasing in the excess
return on firm credits, v,5; — vUyq, as well as in the marginal value of net worth v,
since both increase the incentive to stay in business and therefore households show a
higher willingness to deposit funds. The opposite is true for ,: the higher the ability
to divert funds, the lower the willingness of households to deposits funds. The lower is
v, the larger the incentive-constraint relaxing effect of interbank loans as retail banks
can provide more interbank loans while operating with the same (allowed) leverage
ratio. The capital buffer requirement also enters the leverage ratio . As mentioned
above, an increase in 7, restricts the accumulation of net worth, given R, ;1 — R, > 0.
This lowers the franchise value of the retail bank, and hence tightens the incentive
constraint. Households have a lower willingness to deposit funds which is equivalent to
a lower accepted leverage ratio.

Aggregate retail banks’ net worth in the home country is given by the sum of
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surviving bankers’ net worth which evolves according to and entering bankers’
startup funds, which is given by £, [Ry+Q:-15r+—1 + Rp+Brt-1]/(1 — o) and provided by
their respective household. Thus, aggregate net worth evolves according to

Ny = (L+Tp)o+¢&,) RerQi1Sri-1+ (0 +&,) RotBria
—0Ry 1Dy 1 — 0Rey (Qu-1Sr -1+ Bry—1) Ti—1. (38)

3.5.2 Shadow banking

We model shadow banking as a subset of financial intermediation that has access to
funds from domestic retail banks. By combining these interbank funds with their own
net worth, shadow banks (or wholesale banks) make loans to both domestic and foreign
intermediate goods firms. A core difference to retail banks lies in the assumption that
shadow banks do not have access to deposits from households. As experienced during
the GFC, shadow banking is mainly dependent on sponsoring retail banks and invested
in multiple countries.

Accordingly, at the beginning of period ¢, shadow banker j uses net worth N,
from retained earnings and interbank funds from domestic retail banks B;,,; to make
loans to domestic and foreign intermediate goods producers QS jw,t + QfSF jwe- The
balance sheet during period ¢ writes

Siwt = QS jwt + Qi Srjwt = Njwit + Bjwi- (39)

Net worth in period ¢+1 evolves as the difference between earnings from loans Q¢S j w ¢
and Q} Srjwe at Ry 1 and R . | net off obligations to pay for the acquired funds B, 4
at rate Ry .q1. It evolves as

Njwirr = (1+Ti)Rii11QiSHjws + Byt 11QF SFjwe — Bott1Bjw
Njwirr = ((14Te)Ripr1 — Rogsr — (L4 Ti)Reprr — L+ T3) Ry yi1) Tjnt) Siwd
+ Ry 141N w1 (40)

where 2,1 = Q;SFjwi/Sjws denotes the share of foreign loans in the total amount
of assets. Note that in order to have an efficient steady state both retail and shadow
banks must receive the steady-state subsidy

Similar to retail banks, shadow banks are constrained in their ability to raise funds
from domestic retail banks due to a moral hazard problem. Retail banks are only
willing to supply funds to shadow banks, if the latter can stick to the following incentive
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constraint:
‘/j,w,t Z eij,w,t~ (41)

It compares the gain from remaining in business (the franchise value Vj ,, ;) with the gain
from diverting a fraction of the balance sheet 6,,, returning it back to the own household
and declaring bankruptcy in the following period. Accordingly, retail banks are only
willing to supply interbank funds to shadow banks if they observe that shadow banks
will remain active and proceed with doing business in the ongoing periods. We assume
that there is no differentiation between domestic and foreign assets. This is similar to
the one in Dedola et al. (2013), where retail banks are the only financial intermediaries
which face an identical problem. However, we think that this assumption holds even
more so for shadow banks since they bundle those assets together to issue B;,,; which
can be thought of as asset-backed securities.
The franchise value function of the shadow banker can also be written as Bellman
equation
Viws = Edeia [(1 = 0) Njwr + 0Viw ] (42)

where o is the surviving probability of the shadow bank and A;;,; the stochastic dis-
count factor, which again is the same as for households. The shadow banker chooses
St Tjwe 10 maximize this franchise value subject to (40), ({@I). We formalize this

maximization problem by using the following linear solution as guess

*
‘/},w,t = Uws,tQtSH,j,w,t + Uws*,tQt SF,j,w,t - wa,tBj,w,t

‘/j,w,t = (Uws,t — Uwb,t — (Uws,t - Uws*,t) xj,w,t) Sj,w,t + wa,th,w,t (43)

where the coefficients v,,s; and v, are the marginal values of loans to domestic and
foreign intermediate goods producers while v, is the marginal value of net worth.
The first-order conditions lead to a standard portfolio choice condition

Vws,t = Vwsxts (44)

stating that both marginal values have to be equalized.
Combining this equation, the conjecture and the incentive constraint yields

a formula for the ratio of total assets to net worth that the retail banks are willing to
accept:

Sj,w,t o wa,t

Nj,w,t ew - (Uws,t - wa,t)
which we define as leverage ratio ¢,, ;. By using this equation together with the Bellman
equation and the guess , we can rewrite the value function of the shadow banker

= ¢w,t’ (45)
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as
‘/j,w,t = EtAt,tJrl Qw,t+1N',w,t+17 (46)

where 2.1 =1—0+o0 (wa,t+1 + (Vwst+1 — Vwbtt1) ¢w7t+1) and Nj 141 is given by
. Due to the financial friction, the stochastic discount factor of shadow banks also
differs from that of households by the factor (2,;.

Verifying the initial conjecture leads to the following coefficients

Vst = L1 01(1+ Ti) Ry i
Vwsetg = Eiliii1 Qw1 (1+TE) Ry 0y
Vbt = Eyly 1801 Rpgq1- (47)

These equations together with the accepted leverage ratio show how the shadow
bank is limited in the provision of loans and restricted to its net worth. As with retail
banks, we can drop index j since the leverage ratio is independent from bank-specific
factors of bank j. The leverage ratio is increasing in the excess return on firm credits,
Uwst — Vuwbt, as well as in the marginal value of net worth v, since both increase
the incentive to stay in business and therefore retail banks are more willing to provide
funds. The opposite is true for #,,: the higher the ability to divert funds, the lower the
willingness of retail banks to grant interbank loans.

Using these coefficients, we can rewrite the portfolio choice condition (44)) which is
equivalent to the one in the model of Dedola et al. (2013):

Et {At,t+1 'Qw,t+1 ((1 + Tk)Rk,tJrl - (1 + Tl:)R;::,t-‘rl)} =0.

Note that foreign shadow banks face an analogous condition. In a first-order approxi-
mation, optimal international asset portfolios (., Zl,’q*vyt) are not defined as E Ry, ;11 ~
E\Ry, +1E| Only the steady states x,,, 2}, enter the model up to first order. These could
be derived by various approachesE] However, our subsequent analysis of optimal policy
shows that it is only relevant whether shadow banks are engaged in both countries or
notE] This stems from the assumption of symmetric countries. Hence, we also choose a
symmetric portfolio allocation.

Aggregate net worth of the shadow banking sector is given by the sum of surviving
bankers’ net worth which evolves according to and entering bankers’ startup funds,
which is given by £, Ry 1Q:—1Sw:-1/(1 — o) and provided by their respective household.

2Due to symmetry, the steady-state subsidies will be identical in both countries.

3For instance, by using the method developed by Devereux and Sutherland (2011) or by using CES
aggregators to simplify the modeling of the international portfolio allocation (e.g. Auray et al., 2018).

4Results for this issue are available upon request.
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Thus, aggregate net worth evolves according to

Nyy = o ((1 +Ty)Rit — ((1 +Ty)Ree — (L+T7) Zt) 33w,t71) Swi—1
_O-waJBw,t—l + fw (Rk,t - (Rk,t - R};,t) xw,t—l) Sw,t—l (48)

3.6 Equilibrium

The model is closed with the market clearing conditions for goods, non-financial loans
as well as interbank funds, and with the policy response functions.
Home final goods market clearing reads

Yt:CH,t-i-(l;n—m) }}Vt—i—i {1+f(—>} I. (49)

The market for interbank funds clears when demand by shadow banks equals supply
by retail banks:
Bw,t = BT,t = Bt- (50)

The markets for non-financial loans clear when firms’ total loan demand meets total
loan supply from the banking sector. Thus we get

1—m
Qi = QuSri + QeSHuwy + (—m>QtS}k{,w,t (51)

* Tk * Q% * Qrk m *
Qth - QtSr,t+QtSF,w,t+mQtSF,w,t' (52)

3.7 Policies and welfare objective

Before we turn the focus on policies, we want to emphasize the implications of purchas-
ing power parity together with a common nominal interest rate. The Fisher equation
interrelates the nominal interest rate 7; to the real rate according to
B By,

R, (53)

where 77 = P,/P,_; and the superscript U denotes union-wide (aggregate) variables.
Due to purchasing power parity, home and foreign consumer price inflation rates are
identical: m; = 77 = 7. As a result, real interest rates in both countries are equalized:
R, = R;. Recall that £, Ry 141 ~ EtR,’;t 41 holds up to first order. When there are no
differences in macroprudential policy, i.e. 74 = 7}, cross-border financial integration via

the shadow banking system leads to an equalization of the marginal values v,;; ~ Uys b
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Urpt v;fbi, Urdt v:dyt, Upet ™ Uyeys Vwst = Upsty Uubt ™ vab’t and therefore to
an equalization of leverage ratios ¢,, ~ ¢, and ¢,,;, ~ ¢, , up to first order due to
symmetry. This result is similar to the one obtained by Dedola et al. (2013), but
different in its derivation. Here, an internationally active shadow banking sector leads
to the described equalization and hence to a cross-border transmission channel.

For the sake of simplicity and tractability, monetary policy is characterized by strict
inflation targeting R

it = Ky, (54)

where a """ symbol is used to denote the percentage deviation of a variable from its

steady-state value. A union-wide (aggregate) variable zU is defined as the weighted
average of national variables, Z¥ = mZz; + (1 — m)Z;. In the analysis of the model, we
will also make use of relative variables Z/* which are defined as ZJ* = z; — Z;.

Macroprudential regulation follows the BASEL III-Accords. Based on the experi-
ences of the GFC, these regulations are geared towards improving the quality, compo-
sition and consistency of bank equity capital by implementing leverage restrictions and
more adequate and resilient capital buffers (Bank for International Settlements 2010).
We capture these objectives by implementing a macroprudential regulator that sets a
capital buffer based on the outside equity ratio of retail banks. The macroprudential
tool used to steer the capital buffer is a policy rule that reacts to changes in credit
spreads from its steady-state level as a sign for financial distress. The usage of credit
spreads as indicators of financial distress is motivated by empirical evidence. Akinci
and Queralto (2017) report that real economic activity and credit spreads tend to move
asymmetrically. During crises times when macro variables like GDP or investment drop
immensely, credit spreads increase sharply and financial variables like bank equity de-
crease. Gilchrist and Zakrajsek (2012) report similar evidence and show that credit
spreads are appropriate signs of financial turmoil.

In our experiments, the considered disturbances bring about a recession that is
characterized by a significant drop in macroeconomic variables, downturns in financial
aggregates and accompanied widening in credit spreads. To counteract these devel-
opments, macroprudential regulation sets capital buffers. However, using regulatory
policies in the setup of a currency union implies considerations of country- vs. union-
wide arrangement of such policies. Depending on these arrangements, macroprudential
policy either follows a union-wide or two country-specific simple feedback rules in the
form of

~U = =

Ty = _’fg(Rl[e],tH - RtU>

/7:t = _HT(Rk,t+1 - Rt)

?: = —F&i(RZ,m - Ry), (55)
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which state that the respective tool countercyclically reacts to changes in the credit
spread depending on the weights kU, k., k*. Once the economy runs through a recession
and credit spreads widen, the response is to reduce capital buffers which leads to an
increase in retail banks’ "accepted" leverage ratio. This, in turn, allows retail banks
to operate their business with lower levels of net worth. The process of deleveraging is
moderated.

The parameters for monetary policy (x.) and macroprudential policy (kY k., )
are set optimally according to the following objective function that can be derived from
a second-order Taylor expansion of households utility functions around the efficient
steady state (see Appendix for details):

— i1
t=0

where t.7.p. stands for terms independent of policy. Under the assumption of symmetry
with regards to real-side variables, the per-period quadratic deadweight loss function is
given by

b= 5 (14 10 o [E - m) G
L [FE w1 m) @2) + 2 [@F 4 m (1 - m) (@]
b= a) (1 +) [(BY)? 4 m (1= m) (B
P2 (@ m = m) (2] + S (AT +m (1= m) (ATFY]
5 (S B[R+ m (1= m) (7). (56)

where ATV =1V — IV | and AIR = TR — IR .

In this representation, the weights of the respective variables are functions of deep
model parameters that we specify in the following section. The variables in the first
three lines are the standard target variables and weights for a two-country currency
union. Aggregate and relative inflation leads to undesirable union-wide and relative
price dispersions as these imply inefficient production of goods. As individuals are
averse to fluctuations in consumption and hours worked, these variables also lead to
welfare losses. The fourth line enters the loss function due to existence and depreciation
of capital and due to the per se costs of adjusting investment.

Note that the loss function is increasing in output conditional on variances in in-
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flation, consumption, labor, and investment as a higher variance could lead to more
income making the households better off. As output is linked to the other variables via
the resource constraints, one could show that this positive effect is realized by higher
volatilities of the other, loss-inducing variables. Thus, by eliminating this variable using
e.g. the goods market clearing condition, the allegedly positive effect will turn out to
be partly negative. However we will not eliminate further variables from the welfare
function as this will make the analysis more complicated by introducing various co-
variances[’| By abstracting from capital, i.e. @« =0,Y = C,I = 0 and 7 = 0, and by
using the production functions as well as the resource constraints to eliminate labor and
consumption, we would obtain the standard loss function as, for example, in Benigno
(2004) with inflation output and the terms of trade as objectives.

The fifth line enters the loss function due to the existence of portfolio adjustments
costs of bank outside equity that households have to bear. As adjusting the equity
portfolio in response to fluctuations of retail banks asset side leads to costs for the
respective household (see , any changes directly transfer into a loss. Given that
the outside equity ratio of retail banks is set by the macroprudential regulator, the
macroprudential tool directly enters the loss function. Then, using the capital buffers
during crises (and moving it from its steady-state level) automatically leads to welfare
losses per se. However, the policymaker takes these losses into account when setting
the instrument. These losses depend on the steady-state amount of retail banks’ asset
side and therefore on the size of the shadow banking sector.

In the case of merely a union-wide macroprudential tool, i.e. the policymaker has
only the two aggregate tools 7, and ?? , relative variables cannot be addressed. Fluctu-
ations in relative variables still create welfare losses but the policymaker ignores them
by dropping differentials from the objective function.

4 Dynamics

4.1 Calibration

This section represents the parametrization of our model. For most of the parameters
for households, goods producers and capital producers we follow, among others, Gertler
and Karadi (2011) and use common standard values. Table (1| shows the respective
values. In our benchmark scenario, the countries are of equal size, i.e. m = 0.5, and
the parameters from Table [I] apply to both countries.

To be more precise: the time interval is a quarter. The household discount factor
B is 0.99 and implies a steady-state risk-free rate of roughly 4.1% per year. A relative

°See Edge (2004) for further details.
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Households

Discount factor 6 0.99
Relative utility weight of labor x 3.713
Inverse Frisch elasticity of labor supply ¢ 0.276
Flasticity of equity spread to capital buffer n, 1
Goods producers

Capital share in production a 0.33
Depreciation rate 0 0.025
Capital producers

Elasticity of investment n; 1.728
Retailers

Elasticity of substitution between goods e 4.167
Calvo parameter ¢ 0779
Financial intermediaries in the benchmark scenario
Survival probability o 0.90
Divertable fraction of assets in retail banking 0. 0.2012
Divertable fraction of assets in shadow banking 0, 0.1475
Relative divertibility of retail banks’ interbank loans v  0.25
Proportional startup transfer to new retail bankers ¢, 0.0111
Proportional startup transfer to new shadow bankers ¢, 0.0095
Steady-state capital buffer 7 0.05

Table 1: Parametrization

utility weight of labor of 3.713 ensures L = L* = 1/3. The Frisch elasticity of labor
supply ¢ is 0.276. For the elasticity of the equity spread to the capital buffer, we follow
Nelson and Pinter (2018) by setting 7, to 1 which rather provides an upper bound for
this effect. The remaining values of the parametrization of the real side of the model
(intermediate goods firms, capital producers and retailers) are standard.

The parameters that determine the financial setup are chosen in line with the shadow
banking model of Meeks et al. (2017). In particular, the surviving rate of retail banks
and shadow banks, o, is chosen to generate a dividend payout rate of 10%. Banks’
relevant annual spread between non-financial loans and the risk-free rate, (1+7%)Rr— R,
is set to 100 basis points which is also in line with the euro area model of Lama and
Rabanal (2014). As R = R, the steady state of the real side of the model is equivalent
to the one of an efficient real business cycle model. The relevant spread for shadow
banks, (1 4+ Tx)Rr — Ry, is set to 75 basis points. To replicate the extraordinary high
degree of leverage in the shadow banking sector, we calibrate the leverage ratio for retail
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banks to 5.2 and for shadow banks to 8. However, as seen during the recent crisis, this
is a rather conservative value. Furthermore, in our benchmark scenario, we target a size
of the shadow banking sector of 25% of total loan origination/capital, i.e. S,,/K = 0.25.
This entails a ratio of interbank loans to non-financial loans B/S, of 0.3 and a ratio
of retail bank non-financial loans to inside and outside equity, @S, /(N, + ge), of 4.
Following Nelson and Pinter (2018), the steady-state capital buffer 7 equals 5%. The
parameters 0,, 6., v, £,, and £, are set to match the mentioned targets.

As mentioned above, the steady state of our model is efficient due to subsidies.
Hence, frictions due to retail or shadow banks or demanding a certain capital buffer
have no welfare effect in the steady state. However, this modeling approach allows us
to analyze the dynamics of different scenarios regarding the financial side for identical
real-side steady states. In the following, we compare our described benchmark scenario
with the scenarios of national shadow banking (no financial integration) and no shadow
banking at all. In the former two cases, we obtain a steady-state value for the overall
leverage ratio of the banking system, QK/(N, + N,), of 5.9. In the case of no shadow
banks, only national retail banks are active in the banking sector providing credit to
domestic firms. In this scenario, we set 6, and £, to 0.2095 and 0.0141 respectively, in
order to have the identical overall leverage ratio of the banking system, i.e. QK /N, =
5.9.

The shocks could occur either as union-wide or as country-specific disturbances.
The technology shocks follow AR (1) processes with autoregressive factors of 0.8 and
standard deviations of 0.01. The net worth shocks are transitory 10% shocks.

4.2 International transmission of shocks

Before we present the analysis of the impulse responses to the disturbances, we want
to make the reader aware of the nature of the two kinds of shocks and the role of
international integration in the transmission processes. The first is a negative shock to
the total factor productivity and the second a shock to net worth of retail banks. We
have chosen these shocks to reflect a real-side shock and a financial-side shock.

The shock to the total factor productivity, i.e. productivity shock, is a standard
disturbance in the DSGE-literature and recently used in Gertler and Karadi (2011) or
Nelson and Pinter (2018). It reflects an exogenous supply-side disturbance and directly
hits the production function of intermediate goods producers. The immediate impact
on output is clearly destructive as investment falls, among others, due to a rise in
credit spreads. This is a consequence of the negative impact on capital and hence
transmitted to financial intermediaries who hold capital as collateral (assets) on their
balance sheet. They are instantly exposed to the shock and the resulting fluctuation
in asset values. In turn, financial intermediaries respond with adjustments to their net
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worth to compensate for the losses on their asset side. In the consequence, the economy
passes through a deep recession. E]

The second disturbance emerges within the financial system and is a negative shock
to the net worth of retail banks as for example introduced by Nelson and Pinter (2018).
This disturbance is purely financial in nature. It hits retail banks’ aggregate net worth
and thereby destroys regulatory bank capital. This forces retail banks to reduce their
asset holdings to levels that correspond to their post-shock net worth level. The ensuing
consequence for retail banks is to adjust loan origination to the productive sector what
in turn depresses real economic activity.

The international implications of these shocks vary with the degree of real and
financial integration. Country-specific shocks can induce a synchronization of macro-
economic variables if the integration of the real and financial sphere is sufficiently large.
As the next section shows, there are, however, differences between purely financial (net
worth) and real (technology) shocks. What arises as a natural question then is to
what extent macroprudential measures are able to mitigate the country-specific and
union-wide effects of the shocks and how they interact with monetary policy. It is thus
of interest to study the impact of country-specific and union-wide policy coordination
given different levels of real and financial integration. We report the findings in the
following.

4.3 Impulse response analysis

Our benchmark scenario is a world with full integration of the financial sphere due
to internationally active shadow banks, i.e. they supply credit to domestic and foreign
firms. For each shock, we compare our benchmark with the scenarios of national shadow
banking (no financial integration) and no shadow banking at all. As union-wide shocks
under the assumption of symmetry would resemble closed-economy scenarios that have

6Sims (2011) points out that the meaningfulness of technology shocks as drivers of business cycles
crucially hinges on the concept of technology being an observable variable. As it is, however, not
readily observable since measurements require data and theoretical approaches, its role is questioned.
To overcome these shortcomings and to find an adequate disturbance for the GFC, a frequent approach
to model large-scale downturns is the usage of capital quality shocks (see e.g. Gertler and Karadi 2011,
Dedola et al. 2013 or Kirchner and Schwanebeck 2017). The impulse responses generated by this shock
reveal a destructive impact on the model and enable to study crises of comparable magnitude to the
GFC. However, this comes with drawbacks (see e.g. Krenz 2018). The destructive impact of the
shock is chiefly caused by its implementation into the model. As it simultaneously hits the production
function (like a technology shock), the process of capital accumulation and the balance sheet of banks
via the impact on capital, the shock operates through multiple channels and induces large downturns
with persistent impact. We want to avoid such transmission mechanisms resulting from capital quality
shocks and rather focus on technology as a source of disturbance.
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already been analyzed in the literature (see, for instance, Gertler et al., 2016 and Meeks
et al., 2017), we focus our analysis on idiosyncratic shocks to the home country.

Home technology shock: Figure [1] and [2] show the home technology shock. The
immediate reactions are drops in output, consumption, and investment exacerbated by
increases in credit spreads and the policy rate. As inflation increases due to higher
marginal costs of intermediate goods firms and since home country inflation drives
aggregate inflation, optimal monetary policy sets a higher nominal interest rate. The
initial downturns are followed by a destruction of the capital stock. As already pointed
out by Gertler and Karadi (2011) or Krenz (2018), the impact of financial intermediation
on the downturn caused by a technology shock is rather small. Accordingly, the model
response is largely driven by changes in real variables. However, the financial accelerator
can be described in the following way (no shadow banking). As capital and investment
fall in the aftermath of the shock, so does the price of capital. This now brings about
a transmission to the financial sector since financial intermediaries (only retail banks)
hold capital as collateral on their balance sheet and supply the productive sector with
credit. The lower capital stock and the accompanied devaluation of the capital price
destroys banks’ net worth. This induces a fire sale of assets in order to meet the leverage
ratio constraint which eventually results in a lower credit supply.

Although not hit by the shock, the repercussions are transmitted to foreign via
international trade, i.e. the drop in demand for goods. The on impact decreases in
capital and investment are comparable to in home and force foreign to run through a
similar recession, but less severe compared to home.

Once the flow of credit to the real sector is divided between retail and shadow banks
(national shadow banking), the shock is more destructive as the financial accelerator
becomes stronger. Shadow banking obviously acts as a shock amplifier. The drop in
output is larger and the recession is more persistent. Both financial intermediaries
reduce net worth. Retail banks can moderate the effect on their balance sheet by
reducing interbank lending (shifting losses to shadow banks) and increase lending to
firms what in turn improves their franchise value. For shadow banks, the negative
effect of the shock is strengthened by their higher degree of leverage and retail banks
cutting back interbank funds. As a major financing source disappears, shadow banks fire
sale assets and reduce lending. As shadow credit intermediation drops and retail banks
cannot fully compensate the reduction, the output loss increases. As mentioned, foreign
feels the repercussions through the trade channel. Although smaller in magnitude, the
effect of shadow banking is destructive. Without financial integration, foreign is thus
partly protected from too stark fluctuations at the real side. To sum up, in the presence
of real shocks, national shadow banking acts as an additional friction in the financial
sector, it amplifies the repercussions.

Once shadow banking supplies domestic and foreign firms with credit, the model
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features full integration (benchmark scenario). What we observe is that the change
in the amplification of real shocks through financial integration is small. The main
mechanism of transmission remains the international consumption channel. However,
home is now hit harder once opening the financial side. The immediate drop in out-
put is stronger as investment and capital both decrease more. The latter is a direct
consequence of an increase in the credit spread. As it widens, it makes investment
less attractive. However, retail banks are able to benefit by increasing loan supply to
the productive sector as this helps them to improve their franchise value. While retail
banks partly benefit, shadow banks do not. A reduction in interbank funding by retail
banks worsens their financing structure and forces them to reduce credit supply. Their
net worth drops.

Foreign now benefits from the introduction of financial integration. The impact on
output is clearly positive as a result of a reduction in the drop in investment and capital.
The latter drops less as the widening in relevant credit spreads decreases. Although
retail banks reduce credit supply to firms, they increase interbank funds to shadow
banks. This, combined with a decrease in the leverage ratio, helps shadow banks to
increase credit supply and reduce the negative impact on their net worth. While the
forces of financial integration tend to cushion the transmission of a real shock, the
mechanisms at work help to stabilize the variables in the welfare objective (56)) as the
benefits of foreign outweigh the losses of home.

Home net worth shock: Figure [3| and |4 show the results for a retail bank net worth
shock in the home country. This shock is purely financial in nature and, accordingly,
takes full effect at the financial side of the model. Retail banks hold the entire capital
stock and the sudden reduction of their net worth is followed by massive fire sales of
assets, a downward spiral in asset prices and a destruction of the capital stock (no
shadow banking). The effects are fully transmitted throughout the economy and the
impact of this financial shock is clearly destructive. Although not hit by the shock, the
repercussions are transmitted to foreign via the international trade in goods. However,
the effect is outweighed by expansionary monetary policy. Since the decrease in home
inflation drives aggregate inflation, the central bank lowers the interest rate. Hence,
foreign undergoes a mild boom.

Now, once the capital stock is divided between retail and shadow banks (national
shadow banking), the impact of the sudden reduction in retail banks’ net worth is
moderated by their lower fraction of managed capital. Although retail banks extend
interbank lending to shadow banks to moderate the negative impact on their franchise
value, the drop in the price of capital spills over to the shadow banking sector, forcing
them to start a deleveraging process. Hence, net worth and credit supply by shadow
banks drop in the aftermath of the shock, but roughly three periods after the initial
disturbance they are able to expand credit supply to firms to positive levels. Thus,
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overall credit supply and therefore capital decrease by a lower amount and the negative
effect on output can be moderated. As the decrease in home inflation is smaller, the
decrease in the policy rate can be smaller to stabilize union inflation. As monetary
policy is the main transmission channel, the boom in foreign is smaller even under a
stronger financial accelerator. Hence, in the face of a net worth shock, shadow banking
moderates the downturn and acts as a shock absorber.

When shadow credit intermediation is extended to an international level (benchmark
scenario), foreign is now fully exposed to the shock through the forces of financial
integration that bring about a perfect equalization of spreads and leverage ratios in the
shadow banking sector. Given the synchronized financial side of the model, this purely
financial shock has now identical real-side effects in both countries. The consequence of
the idiosyncratic shock in home is a truly global recession with synchronized downturns
in investment, employment, and output in both countries which cannot be corrected by
monetary policy as the nominal interest rate is too blunt to offset financial disturbances.

Proposition 1 In the case of shocks to the real sphere, the existence of shadow banking
intensifies the financial accelerator effects and operates as a shock amplifier. Financial
integration cushions the transmission to foreign. During financial shocks, shadow bank-
ing under financial autarky rather operates as shock absorber as it can partly compensate
the losses incurred by retail banks. Financial integration induces a union-wide recession.

Proof. See text. =

Accordingly, what we observe is that in all of the considered scenarios, monetary
policy at the union-level is not able to adequately address the financial effects of the
disturbances. There seems to be a clear role for macroprudential policy.

4.4 Implications for the conduct of macroprudential policy

Continuing the analysis of the idiosyncratic shocks above, we focus on the case of full
financial integration and allow for either a country-specific or union-wide macropruden-
tial tool. The policymaker optimizes both the monetary as well as the macroprudential
policy rules according to the welfare objective . This implies full coordination of
both policies which is an appropriate assumption for a monetary union as the euro area
(see e.g. Palek and Schwanebeck 2019).

As a result of cross-border financial integration via shadow banks, the main finan-
cial variables are perfectly aligned internationally (see figures [I{4). Hence, any shock
leads to identical movements in leverage ratios and credit spreads in both countries.
Introducing macroprudential policy as a financial instrument at the national level could
change this result. However, by following a welfare objective that takes both countries
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into account, it is optimal to reduce relative gaps between the members of the mone-
tary union instead of creating new relative differences in financial variables. Thus, the
prudential policy reactions have to be identical in both countries. This is equivalent to
having a union-wide tool only.

Proposition 2 In the case of full financial integration, there are no additional welfare
gains from having country-specific macroprudential tools.

Proof. See text. m

To illustrate the stabilization effects of a union-wide macroprudential tool (or na-
tional tools that are set identically), we plot graphs symbolizing the actual gap of
comparing the scenario with macroprudential policy (P) to the one without this policy
(nP), in which there is solely optimized monetary policy. For instance, if a variable
shows a drop due to a shock, an increase in this gap would display a lower decrease un-
der macroprudential policy. On the other hand, if a variable increases following a shock,
an increase in the gap would show that the variable rises even more under prudential
policy.

While the solid line in figures illustrate the repercussions of both shocks under
cross-border financial integration via shadow banks, figures [f| and [6] show the corre-
sponding gaps or changes due to macroprudential policy for the home technology and
home net worth shock. As the union-wide tool affects both economies via the already
perfectly harmonized financial sphere, it has identical stabilization effects in both coun-
tries. Hence, the figures only display home variables as the gaps are identical for foreign.

Home technology shock and macroprudential requlation: As a direct consequence
of the macroprudential intervention, the drop in retail banks’ net worth can be re-
duced since the policy positively affects the (allowed) leverage ratio. While this would
normally benefit credit supply by retail banks, they rather use the policy to slightly re-
duce credit origination and shift assets through the interbank market to shadow banks.
Shadow banks, in turn, benefit and can increase their loan supply to the productive
sector. Credit spreads decrease and the overall influence on credit supply is positive.
Hence, the reduction in capital can be moderated (positive gap). In turn, the effect on
output is positive which would eventually lead to more inflation. However, as macropru-
dential policy moderates the targets of the welfare objective besides inflation, monetary
policy can react more aggressively. Under macroprudential policy, the increase in the
monetary policy rate is slightly higher in order to stabilize the increase in union infla-
tion to a larger extent. The higher interest rate leads to a further drop in Y on impact.
In the subsequent periods, the positive effect of macroprudential policy on capital dom-
inates this negative effect of monetary policy. Hence, we obtain a stabilization effect

(positive gap).
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Home net worth shock and macroprudential requlation: In contrast to the tech-
nology shock, the origin of this shock is the financial sector. As a consequence, the
macroprudential tool is more effective in stabilizing the welfare targets. The transmis-
sion channel of macroprudential policy is the same as above, eventually stabilizing the
capital stock and thereby stabilizing output. As this shock leads to lower union infla-
tion, the inflationary output-stabilizing effect of macroprudential policy also stabilizes
inflation. Hence, monetary policy reduce the interest rate by a lesser amount. However,
this effect is outweighed by macroprudential policy which results in an overall positive
output response.

So far we have discussed the implication of full financial integration via shadow banks
for macroprudential policy under these two idiosyncratic shocks. Next, we turn to the
implications of other scenarios regarding the modelling of shadow banks. We also allow
for union-wide shocks to identify the gains from having a union-wide macroprudential
tool. Obviously, there are no gains from country-specific tools in these cases and due
to symmetry, financial integration does not affect the outcomes. Table shows the
welfare losses and optimized policy parameters under different scenarios and for different
instrument sets. Losses are expressed in percentage points and have to be interpreted
as fraction of steady-state consumption that must be given up to equate welfare in the
stochastic economy to that in a deterministic steady state.

To begin with, we want to focus our attention on the impact of shadow banking
on welfare results. The question of interest is how the household welfare is dependent
on the structure of the financial system given different shocks and policy responses.
Proposition 3 highlights the main outcomes.

Proposition 3 Under real shocks, the mere existence of (national) shadow banking
causes increasing welfare losses. Then, neither financial integration nor macropru-
dential policy can compensate the additional losses. Under a financial shock, shadow
banking (domestic and international) reduces welfare losses. Macroprudential policy
leads to further welfare gains.

Proof. See text below. m

Table (2)) shows the respective welfare losses. To be precise, we compare the losses for
an idiosyncratic technology shock in line 1 for noS vs. S vs. FI with the corresponding
losses in line 3, when a union-wide macroprudential tool (1Y) complements monetary
policy. What we observe is that once shadow banking takes over a fraction of domestic
credit origination, the loss incurred by households increases from 2.89 to 3.09. Acting
under full financial integration then leads to a reduction in the welfare loss to 3.05,
but this number clearly remains above levels observed without shadow banking (noS).
These effects are a direct consequence of the fact that the introduction of shadow
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banking magnifies the financial accelerator effect. In a world without shadow banking,
only retail banks are subject to the financial friction that drives an inefficient wedge
between borrowing and lending rates. Once shadow banking takes over a fraction
of credit supply, this effect is strengthened, the financial accelerator becomes more
powerful. Accordingly, welfare losses must necessarily increase given a shock to the real
sphere. In a financially integrated union, these losses slightly decrease as the forces
of financial integration cushion the negative effects of the shock. However, this can
only partly offset the incurred losses. Considering now the scenario with monetary
policy and a union-wide macroprudential tool (), hence the losses in line 3 (3.00 and
2.96), it gets obvious that the welfare stabilizing effect of the macroprudential tool is
never sufficiently large to reduce the household losses to levels observed without shadow
banking (compare any, 2.89 or 2.83). This obviously stems from the fact that shadow
banking is per definition unregulated and thus an additional vulnerability of the system
and a risk to financial stability. Hence, a macroprudential regulator equipped with
entity-based tools (i.e. geared towards the regular banking sector) can only indirectly
affect inefficiencies and vulnerabilities originating from the shadow banking sector. As
such, shadow banking can be interpreted as a additional disturbance per se.

However, considering the case of a shock to retail banks’ net worth puts another
complexion on things. What we observe now is that once shadow banking takes over
a fraction of domestic credit origination (line 1, idiosyncratic net worth shock), the
loss incurred by households decreases from 7.03 to 4.44. Acting under full financial
integration again reduces the incurred loss to 1.26. Obviously, shadow banking now
acts as a shock absorber and moderates the downturn what in turn leads to welfare
improvements. As already discussed in the former sections, this is a direct consequence
of shadow banking taking over a fraction of the capital stock through credit interme-
diation. The absolute impact on retail banks’ net worth remains unchanged but the
relative strength of the impact on the economy is reduced as they now hold less capital.
Considering now the scenario with monetary policy and a union-wide macroprudential
tool (1Y), hence the losses in line 3 (4.34 and 1.16), we observe that the union-wide
macroprudential tool now unfolds welfare stabilizing effects that are sufficiently large
to reduce the household losses for every observed scenario (without and with shadow
banking). However, this result certainly hinges on the fact that we abstract from model-
ing any costs (i.e. efficiency losses) or disturbances arising from the existence of shadow
banking or additional uncertainty due to the lack of regulation in this sector. Consid-
ering costs or disturbances arising in the shadow banking sector could eventually lead
to welfare losses due to the existence of shadow banking.

We now want to turn the focus of attention on the design of macroprudential policy.
The question of interest is how the household welfare is dependent on the design of
macroprudential policy given varying structures of the financial system. Our findings
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are summarized in the following.

Proposition 4 A union-wide macroprudential requlation is welfare improving for both
real and financial shocks, the forces of financial integration even facilitate its effective-
ness. The gains are the largest for a financial shock. Country-specific macroprudential
tools are only beneficial under financial autarky or absent shadow banks.

Proof. See text below. m

Again, Table shows the respective welfare losses. To be precise, we compare the
losses in line 1 for S vs. FI (3.09 vs. 3.05 and 4.44 vs. 1.26) with the corresponding losses
in line 3 (3.00 vs. 2.96 and 4.43 vs. 1.16), when a union-wide macroprudential tool (79)
complements monetary policy. Although the improvements are larger under the net
worth shock and, in general, should be larger for idiosyncratic financial shocks, a union-
wide macroprudential regulation (in combination with monetary policy) is effective in
reducing the incurred welfare losses of households in all of the considered cases. The
fact that we observe the gains to be larger for financial shocks then for real shocks can
be ascribed to the objective and especially the point of intervention of macroprudential
regulation. As it is designed to increase the resilience and hence the stability of the
financial system and works through the leverage ratio and hence the balance sheet of
retail banks (see [35), it is necessarily most effective against disturbances emanating
from the financial sphere. Due to the harmonization of the financial spheres of both
countries, the effectiveness even increases. Disturbances arising from the real sphere
can be addressed, but less effectively. While not exclusively, this calls for a purposeful
usage of fiscal policies.

Furthermore, taking a closer look at the interaction of monetary and macropruden-
tial policy, we observe that if macroprudential policy is coordinated at the union-level,
the response of monetary policy to inflation is more aggressive. This can be seen by
comparing the optimal parameter value for monetary policy x, in line 2 for idiosyn-
cratic technology and net worth shocks (4.42 and 7.08, respectively) with the ., -values
in line 4 (4.97 and 7.28). Obviously, due to macroprudential policy, monetary policy
can put a larger weight on its primary objective inflation which reduces the welfare loss
of households. This supports the positive effects of macroprudential policy and results
in welfare improvements.

Finally, our welfare analysis reveals that switching from union-wide to country-
specific macroprudential tools entails advantages only if considering countries in finan-
cial autarky or absent shadow banking. However, we then observe these gains to be
larger for financial shocks than for real shocks.

As we only consider the extreme cases of no financial integration and full financial
integration under full coordination, these results rather show the lower and the upper
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technology shock net worth shock
union idiosyncratic union idiosyncratic
scenario noS S/FI|noS S FI |noS S/FI|noS S FI
1 Loss | 3.72 452 | 289 3.09 3.05|8.14 5.05 | 7.03 4.44 1.26
Ko 5.24 442 | 524 442 4421691 7.08 | 691 7.08 7.08
i, 7 Loss | 3.51 4.16 | 283 3.00 296|744 4.62 |6.86 4.34 1.16
Ko 5.74 497 | 574 497 4971699 7.28 |6.99 7.28 7.28
kY1074 099 [0.74 099 0.99 047 043 | 047 043 0.43
1, 7,7 | Loss 278 293 2.96 594 3.71 1.16
Ko 574 4.97 4.97 6.85 T7.11 7.28
Koy 0.05 0.17 0.99 0.71 0.68 0.43
KX 1.53  1.99 0.99 446 5.55 0.43

Table 2: Welfare losses under the scenarios: no shadow banks (no S), with shadow
banks but no financial integration (S), and full financial integration (FI)

bounds of the "first-best" welfare gains. While national macroprudential policy is bene-
ficial in cases of no shadow banking or at least no integration via the financial side, these
benefits seem to vanish with the degree of financial integration. As the former two cases
are rather unrealistic scenarios for monetary unions such as the euro area or the U.S.,
the additional welfare gains from having country-specific macroprudential policy seems
to be rather scarce or even questionable. It is plausible to assume that once integrated
at the financial side to a certain degree, macroprudential policy needs to be coordinated
at the supranational level. In a world with country-specific rules and missing common
regulatory arrangements, differences in regulations would induce regulatory arbitrage
causing cross-country substitution and relocation effects and possibly a worsening of
the effects of shocks. In addition, there is a clear role for governance considerations and
political issues. The possibility of political fall-outs at the national level favors macro-
prudential regulation at a supranational level. For reasons of unpopularity of tighter
regulations, e.g. disadvantages of banking competition, macroprudential policy could
be inactive at the national level. These political-economy considerations are beyond
the scope of our analysis. Gros and Schoenmaker (2014) as well as Schoenmaker (2013)
address some of these institutional arrangement issues for the euro area. A starting
point for theoretical consideration can be found in De Paoli and Paustian (2017). They
analyze strategic interdependencies in a single-country setting with retail banking.
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5 Conclusion

In this paper we study the interaction of international shadow banking with optimized
monetary and macroprudential policy in a two-country currency union DSGE model. In
our benchmark setup, we allow for financial integration through international shadow
banks that are, besides domestic credit intermediation, able to extend cross-border
credits to foreign firms. As a result the financial sectors are aligned internationally and
any shock leads to identical movements in leverage ratios and credit spreads in both
countries.

We can draw the following conclusions: Our analysis shows that in the presence
of shocks to the real sphere, the existence of shadow banking intensifies the financial
accelerator effects. Shadow banks, highly leveraged and dependent on retail banking
funds, appear to be an additional source of instability and thus operate as a shock am-
plifier. However, our analysis also reveals that during financial shocks, shadow banking
under financial autarky rather operates as shock absorber. In this scenario, it can partly
compensate the losses incurred by retail banks and thereby unfold its stabilizing effect.

In terms of the optimal design of macroprudential policy, our analysis demonstrates
that regulation situated at the country-level is only beneficial under financial autarky
or absent shadow banking. A sufficiently large stabilization of the relevant household
welfare measure is only achieved once macroprudential regulation acts union-wide hence
coordinated. Such a supranational macroprudential regulation that symmetrically in-
tervenes in both countries of the union is able to effectively counteract the negative
consequences of the observed shocks. While the gains are larger for financial shocks
than for real shocks, they are even facilitated through the forces of financial integration.
This result seems plausible since a macroprudential regulation that is based on BASEL
IIT is primarily designed to address systemic risk in the banking sector and hence fi-
nancial stability (see e.g. BIS 2010). A policy designed to counteract the build-up of
bank exposure is thus highly effective given shocks emanating from this very sector.
Furthermore, the follow-up effect of union-wide macroprudential regulation is a more
stringent setting of the policy rate through monetary policy. Since financial stability
is cared for by the macroprudential regulator, monetary policy is now able to react
more aggressively to its primary objective inflation. Moreover, our welfare analysis
shows that under real shocks, the mere existence of (national) shadow banking causes
increasing welfare losses. In such a case, neither financial integration nor macropru-
dential policy can compensate the additional losses. As the shadow banking sector in
our model (and in general) is unregulated and highly leveraged, it constitutes a vulner-
ability to the stability of the financial system. A macroprudential regulator equipped
with an entity-based regulation approach as in our case thus only indirectly affects the
vulnerabilities originating from this sector.
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However, our analysis leaves room for several interesting extensions but that are be-
yond the scope of this paper. While we consider financial integration via shadow banks
that are engaged in both countries, an asymmetric approach with unilateral financial
flows in the sense of Nuguer (2016) could change the conduct of macroprudential pol-
icy in a monetary union. Another interesting extension would be the aforementioned
political-economy considerations and strategic interactions between the central bank
and macroprudential authorities as in De Paoli and Paustian (2017). In a heteroge-
neous union like the euro area, these considerations are especially important as member
countries might be in favor of different (monetary and) macroprudential objectives. It
would thus be interesting to take into account game theoretical issues for the optimal
arrangement of such policies. It seems very likely that these issues would even more
favor macroprudential policy-making at the union level. We leave these questions for
future research.
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Appendix: Union’s Welfare Loss

Let X; be a generic variable and X its steady state. Then, we define )?t as the log
deviation of X; around X, X; = log(X;/X). Hence, using a second-order Taylor
approximation yields

Xy —X
X

~ ~ 1 ~
=exp(X;) — 1~ X, + §Xf.

In the following, we will drop terms independent of policy (e.g. stand-alone shock
terms) and terms of third and higher order.

The policy maker’s welfare objective is defined as the unconditional expectation of
home and foreign households’ average lifetime utility. Starting from the period utility
function
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we obtain the following second-order approximation:
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where C = C*,L = L* due to symmetry and therefore U = U* = UY as well as
Uc =Uc+, Ucc = Uc+c+, U, = Ups, Uy = Ups .
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Rearranging the terms and using log deviations yields

ue-u e 1=p[ o A
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Labor market clearing in an efficient steady state reads

which leads to

UtU _ UU

A Ak 1_p 2 * 2
e ~ mC’t—l—(l—m)C’t—i—T mCy + (1 —m) (Ct>

—(1— oz)g <mft + (1 — m)f}‘)
—%(1 —a)(1+ go)% {mf? + (1 —m) <Z:‘>2]

We can eliminate the linear consumption term by using the aggregate resource
constraint which can be derived by combining the budget constraints of all agents of
the model. We obtain the following approximation

N . 17 -~ N2 Y / ~ .
mCi+(1-m)C; = —3 {mC’f—l—(l—m) (c:)1+5(mn+<1—mm*)

e [mY +(1—m) (fﬁ*f]

! (mft+<1—m>f;*+§ {mf?ﬂl—m) @*)QD
L [m (Z-Ta) =) (T - f”

~35 (S + By, [m#2 + (1= m) (7).

The linear terms in labor can be eliminated by the use of the production function
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of both countries combined with price dispersion resulting from retailers. These read
L Py (R)\°
0 Py
1 P —e
0 Pry

Approximating and rearranging yields
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To eliminate the remaining first-order terms we follow the approach of Edge (2003).
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Recall that in an efficient steady state it holds that

I = 0K
1 Y

which can be combined to yield
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Furthermore, log-linearizing the equation for the evolution of capital results in
i%t - 5]; + (1 - 5) I?t—l-

Now we can rewrite the linear terms as follows
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Since overall utility is a discounted sum of period utility, we can simplify this further:
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As I?U is assumed to be independent of policy, these linear terms can be dropped. The
same can be applied for (04[?;11 - %1/';*)
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Finally, it can be shown (see e.g. Woodford, 2003, chap. 6) that
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Using these expressions, the welfare function can be written as
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in which we make use of the relation m2? + (1 —m) (2)* = (2V)2 +m (1 — m) (2F)? for
any pair of variables z;, z;.
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