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Abstract
I analyze the adoption of unconventional monetary policy measures

in a monetary union. To this end, I lay out a two-country monetary union
model with balance-sheet constrained financial intermediaries and cen-
tral bank credit policy. The framework is used to compare the welfare im-
plications of union-wide versus country-specific optimal simple uncon-
ventional monetary policy rules. It is shown that – despite the presence
of country-specific shocks – country-specific rules are not necessarily as-
sociated with higher welfare from the viewpoint of a structurally symmet-
ric union. Instead, to the extent that the central bank reacts to indicators
which are highly correlated between countries, union-wide rules can be
preferable. When considering structural asymmetries between countries,
there is evidence that the introduction of unconventional monetary pol-
icy affects incentives to reform financial structures from the viewpoint of a
financially less stable country, however, not necessarily in a negative way.
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1 Introduction

It is widely known that joining a monetary union inevitably impairs the abil-
ity of monetary policy to address the consequences of country-specific shocks.
The common nominal interest rate adjusts proportionally to union-wide cir-
cumstances, which might cause either too much or too little stabilization in
single countries. Furthermore, given that the nominal exchange rate between
member countries is fix, nominal devaluations – which have been occasionally
used to prompt productivity in individual countries in the past – are ruled out.

This paper raises the question whether it is desirable to use unconventional
monetary policy to stabilize country-specific shocks in a monetary union. To
this end, I lay out a two-country DSGE model with leverage-constrained finan-
cial intermediaries. The model features international trade in goods and assets,
a common currency and a union-wide nominal interest rate. As in Gertler and
Karadi (2011) and Gertler and Kiyotaki (2010), I assume that the common cen-
tral bank can expand credit to banks (“liquidity facilities”) and firms (“corporate
sector purchase programs”). Unconventional policy is conducted by following a
feedback rule which responds to financial indicators such as the credit spread
or credit growth. In particular, I compare the welfare implications of optimal
simple rules1 based upon country-specific indicators to the corresponding out-
comes under rules that are based upon union-wide indicators. In the baseline
version of my model, I assume that countries are symmetric. However, struc-
tural heterogeneity is an important factor when discussing the conduct of un-
conventional policies in a monetary union. When some countries of a mone-
tary union rely more heavily on central bank credit than others, while costs and
risks are born by the union as a whole, incentives to reform financial structures
might be misaligned. Therefore, I also consider a modified version of the model
in which one country has a sounder financial system than the other. As the or-
der of the approximation needs to be chosen in the light of the research ques-
tion, the model is solved up to second-order.

A key finding of the analysis is that, under some circumstances, union-
wide rules provide higher welfare than their country-specific counterparts de-
spite the presence of country-specific shocks.2 In particular, whenever the cen-
tral bank reacts to indicators which are highly correlated between countries,
a union-wide rule might be preferable over a country-specific rule. This find-
ing can be rationalized with the fact that I consider a second-best environment
in which policymakers cannot fully eliminate financial frictions or their con-

1Optimal simple rules are feedback rules whose reaction coefficients are chosen such that
the welfare of an individual household is maximized.

2Note that in the symmetric case, union-wide and country-specific welfare are perfectly pro-
portional.
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sequences. Clearly, union-wide policy – compared to country-specific policy –
leads to understabilization in the economy hit by a shock while causing over-
stabilization in the economy not hit by a shock. In the environment consid-
ered here, overstabilization is generally welfare-improving because it provides
policymakers with the opportunity to further reduce the effects of the finan-
cial friction by simply providing more central bank credit. When the indicators
of the rules are highly correlated, the stabilization loss in the economy hit by
the shock, implied by the usage of union-wide rules, is very small but there is
still considerable overstabilization in the economy not hit by the shock. Under
these circumstances, the net welfare effects of union-wide rules can be posi-
tive compared to the corresponding outcomes under rules which are based on
country-specific indicators.

When considering financially asymmetric countries – in particular, I con-
sider the case in which one country has implemented a countercyclical cap-
ital buffer while the other country features an unregulated financial sector –
I find that the introduction of unconventional monetary policy affects the in-
centives to reform financial structures in the financially less regulated country,
however, the effects can be positive or negative, depending on the type of un-
conventional policy instrument used.

The unconventional monetary policy measures analyzed in this paper rep-
resent instruments which are also part of the ECB’s toolbox. Liquidity facilities
have been one of the most important instruments of the ECB. Since 2008, liquid-
ity was provided to the banking system elastically and at increasingly long dura-
tions through main and longer-term refinancing operations (MROs and LTROs)
(Praet, 2017). Before and at the beginning of the financial crisis, Germany was
the main user of these instruments (Bruegel, 2017). However, when the most
significant three-year LTROs where provided in 2011 and 2012, the composi-
tion of country usage changed completely. Since 2011, the periphery’s share
in the usage of liquidity facilities has increased to more than 70% and has re-
mained at this high level ever since (see figure 1). This implies that liquidity facil-
ities where provided flexibly according to country-specific needs. The picture is
quite different when considering the ECB’s corporate sector asset purchase pro-
gram which started in 2016. Direct lending to non-financial firms is distributed
between countries in a fixed manner, according to a capital key which reflects
the market value of eligible corporate bonds (ECB, 2017). Therefore, as figure 2
shows, mainly firms in the economically largest – and also less troubled – coun-
tries have access to central bank credit.
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Figure 1: Periphery’s Share in the Usage of the Eurosystem’s Main and Longer-Term Refi-
nancing Operations 01/2003 - 09/2017; Bruegel (2017)

Figure 2: Country Classification of Corporate Sector Purchase Program (CSPP) Holdings
and CSPP-Eligible Bond Universe; ECB (2017)
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Given the extensive usage of non-standard measures by central banks
around the world in recent years, there has been a surge in empirical and theo-
retical literature trying to analyze the economic effects of different unconven-
tional policy measures. Employing DSGE models featuring a banking sector
with financial frictions, Gertler and Karadi (2011), Gertler and Kiyotaki (2010)
and Cúrdia and Woodford (2011) have shown that there are substantial gains
from expanding central bank credit during crisis. Yet, as the analyses are based
on closed economies, they are not well-suited to give advice on how the insti-
tutions of a currency union should cope with a financial crisis. Papers which
analyze unconventional monetary policy in a two-country setting are usually
interested in game theoretical issues associated with two separate monetary au-
thorities interested in their own welfare functions (see, e.g., Dedola et al., 2013;
Nuguer, 2016). The focus of my analysis is different. I omit game theoretical
issues, for in a monetary union, it is reasonable to assume that a common mon-
etary policy maker adopts a union-wide welfare function. As long as business
cycles between member countries are less than perfectly correlated, it is, how-
ever, of great interest to analyze union-wide versus country-specific implemen-
tation of unconventional monetary policies. To my knowledge, there is only one
paper by Tischbirek (2016) which addresses this kind of question, however, fo-
cuses on the effects of government debt purchases on fiscal policies. He uses
a model which does not feature financial frictions. Further, Auray et al. (2016)
use a version of the Gertler and Karadi (2011) model to analyze unconventional
monetary policies in the Eurozone. However, they do not distinguish between
country-specific and union-wide measures but are rather interested in strate-
gies aimed at different financial market sectors. Schwanebeck (2017) uses the
same structurally asymmetric two-country version of the Gertler and Karadi
(2011) model as Nuguer (2016) (one country is a net borrower and the other is
a net lender) to analyze the effects of unconventional monetary policy on the
wholesale interbank market. However, he does not conduct a welfare analysis
but focuses on positive policy implications.

To the extent of my knowledge, this paper is the first to analyze whether
unconventional monetary policy can and should be used to stabilize country-
specific shocks in a monetary union featuring – potentially heterogeneous – fi-
nancial frictions.

The paper is organized as follows. The next section develops the model. Sec-
tion 3 provides the calibration. In section 4, I will explain the welfare measure
used. In section 5, I present and discuss the results on optimal simple rules in
the baseline setup and in the case where one country features a more stable
financial system than the other one. The final section concludes and gives an
outlook.
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2 Model

I assume that the world consists of two countries with symmetric structures
which belong to a monetary union, each inhabited by a continuum of agents of
equal size. The setup of each country closely resembles the setup of the closed
economy modeled in Gertler and Karadi (2011), i.e., besides a banking system
the model contains nominal (price stickiness) and real (habit formation, vari-
able capital utilization) rigidities. Figure 3 below provides a birds-eye-view of
the model.

Each country features a financial intermediation sector. The role of inter-
mediaries is to transfer funds between households and intermediate goods pro-
ducers who use the loans to finance investment into physical capital. Interme-
diaries face an endogenously determined constraint on their leverage ratio, mo-
tivated by a simple agency problem which drives a wedge between saving and
borrowing rates.

Figure 3: Model Overview
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The two countries feature integrated markets for final goods, capital assets and
deposits. To allow for these multiple interlinkages, I have to abstract from com-
plete international consumption risk sharing. Allowing the net foreign asset po-
sition to be adjusted via two margins - equity and bond trade - might imply two
unit roots in a first-order approximation of the model (see, e.g., Schmitt-Grohé
and Uribe, 2003).3 Hence, I introduce two stationarity-inducing features, an en-
dogenous discount factor, which dates back to Uzawa (1968), and a debt-elastic
interest rate yield.

For simplicity only home country equations will be displayed. Foreign vari-
ables will be denoted with an asterisk.

2.1 Households

Within each household, there are two member types, workers and bankers.
While the worker supplies work to intermediate goods firms and deposits to
banks, the banker manages a financial intermediary and transfers retained
earnings back to her household when the lifetime of the bank ends. Within the
family, there is perfect consumption risk sharing, which allows to maintain the
representative agent framework. As in Gertler and Karadi (2011), it is assumed
that a fraction 1− f of household members are depositors, while a fraction f are
bankers. Between periods there is a random turnover between the two groups:
with probability θb a banker will stay a banker and with probability 1−θb she
will become a depositor. The relative proportions are kept fixed. New bankers
are provided with some start-up funds from their respective households.

The lifetime utility of a representative home worker, who draws utility from
consumption, Ct , and disutility from labor, Lt , is given by

Et

∞∑
k=0

Θt+k

(
ln(Ct+k −hCt+k−1)−χL1+φ

t+k

1+φ

)
,

where parameter h determines the degree of habit formation, φ is the inverse
of the Frisch elasticity of labor supply and χ determines the weight of disutility
of labor in the utility function. VariableΘt represents the endogenous discount
factor of households chosen to ensure stationarity as explained above.

Households save by depositing funds at domestic and foreign banks
through international intermediaries (see 2.2 for details). Total deposits held

3In the benchmark version of the model, I assume home bias in asset holdings. Under this
assumption integration of asset markets does not imply a unit root. The intuition for this is that
assuming home (or foreign) bias has similar effects on the model as assuming some form of
portfolio adjustment costs which are known to induce stationarity. In section 5, however, I also
analyze the case of perfect portfolio diversification. In this special case, the integration of asset
markets induces a unit root.
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between t −1 and t , denoted by D t−1, are equivalent to one-period riskless real
bonds paying the gross real rate of return Rt−1. Furthermore, households pro-
vide labor to intermediate goods firms and receive the real wage wt . Hence, the
representative home household’s budget constraint in real terms is given by

Ct +D t +Tt = Rt−1D t−1 +wt Lt +Υt ,

where Υt denotes net profits from the ownership of firms (financial and non-
financial) and Tt denotes lump-sum taxes.

Households have equal preferences for home and foreign final goods.4

Hence, Ct , the CES composite of consumption, is given by

Ct =
(
0.5

1
ι C

ι−1
ι

H ,t +0.5
1
ι C

ι−1
ι

F,t

) ι
ι−1

,

with ι > 0 and CH ,t and CF,t denoting consumption of home and foreign final
goods, respectively. The corresponding consumer price index takes the follow-
ing form

Pt =
(
0.5P 1−ι

H ,t +0.5P 1−ι
F,t

) 1
1−ι , (1)

where PH ,t denotes the price of the home good in the home country and PF,t

denotes the price of the foreign good in the home country.
In a currency union, the law of one price always holds, i.e., PH ,t = P∗

H ,t and
PF,t = P∗

F,t . As households preferences are identical in the two countries and no
home bias is assumed, the consumption baskets are equal. Hence, Purchasing
Power Parity holds and the real exchange rate is constant (Pt = P∗

t ). The terms
of trade are defined as the ratio between the price of exports and the price of
imports, ToTt ≡ PH ,t

PF,t
.

The endogenous discount factor is determined as follows

Θt+1 = Θtβ(C A,t ),

Θ0 = 1,

where C A,t is aggregate home consumption. Using aggregate consumption in
the endogenous discount factor ensures that the household does not internal-
ize the effect of its consumption decision on the discount factor, which simpli-
fies calculations considerably. As in Schmitt-Grohé and Uribe (2003) and Dev-
ereux and Yetman (2010) the following functional form of the endogenous dis-
count factor is assumed

β(C A,t ) =ωc (1+C A,t )−ηc . (2)

4The main results of this paper are robust to changing this assumption, i.e., the results also
hold when household consumption is biased towards home goods. However, the assumption
of equal preferences simplifies the interpretation of results because real exchange fluctuations
are absent.
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Parameter ηc drives the elasticity of the discount factor with respect to con-
sumption. Parameterωc captures the steady-state savings propensity. Note that
the discount factor decreases in C A,t , i.e., whenever a country has relatively
higher consumption in the present, it discounts future consumption more
heavily and, hence, saves less. The latter implies lower consumption in the fu-
ture and, therefore, the economy returns to the initial state.

Hence, the household’s first-order conditions for the optimal choice of labor
and consumption are given by

wt =χ
Lφt
λt

, (3)

and
1 =β(C A,t )EtΛt ,t+1Rt , (4)

with the household’s real stochastic discount factor being defined as

Λt ,t+1 ≡ λt+1

λt
, (5)

where λt denotes the marginal utility of consumption given by

λt = (Ct −hCt−1)−1 −β(C A,t )h(EtCt+1 −hCt )−1. (6)

2.2 International Intermediaries

To simplify matters, I implicitly assume that households hold deposits with sav-
ings banks which – according to the needs in the financial system – channel
the funds to home and foreign banks via international intermediaries. Total de-
posits of home households are given by D t = DH ,t +DF,t .

Allowing deposits to freely flow between countries, would induce a unit root.
Therefore, it is assumed that home deposits can only be channeled to foreign
banks by purchasing one-period bonds from international intermediaries. The
latter charge a small interest rate premium on the union-wide nominal interest
rate. The premium depends on the real net foreign bond position of the respec-
tive country. This assumption adds realism to the model and ensures stationar-
ity (see, e.g., Schmitt-Grohé and Uribe, 2003). As in Hjortsoe (2016), I assume

it = iC B
t Φ(DF,t ), (7)

where iC B
t is the nominal interest rate set by the union-wide central bank and it

is the country rate. It is assumed that the country-specific rate charged by inter-
national intermediaries is increasing in the deviation of the external household
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debt position (real debt is given by −DF,t ) from its steady state, i.e.,Φ(·)′ < 0 and
Φ(0) = 0. As in Hjortsoe (2016), the following functional form is chosen for the
debt-elastic interest rate premium

Φ(DF,t ) = (1−ωd DF,t ).

Parameter ωd is the yield sensitivity of debt.
Profits of international intermediaries are distributed to households within

the current account surplus country. Note that rates of return on home deposits
and bonds (equivalent to deposit holdings with foreign banks, DF,t ) are equal-
ized due to arbitrage.

2.3 Banks

The setup of the banking sector closely follows Gertler and Karadi (2011) ex-
cept for the modeling of the international dimensions. Financial intermedi-
aries channel funds from home and foreign households to home and foreign
intermediate goods producers. In addition to obtaining funds from households,
banks also raise funds internally by accumulating retained earnings.

The balance sheet of home bank i is given by

Qt Si H ,t +Q∗
t Si F,t = DB

i ,t +Ni ,t , (8)

where Ni ,t denotes intermediary i ’s net worth. Deposits at bank i , stemming
from home and foreign households, are denoted by DB

i ,t = Di H ,t +D∗
i H ,t . The

asset portfolio of bank i consists of home as well as foreign assets. Variable Si H ,t

(Si F,t ) denotes state-contingent claims on future returns of a unit of capital used
in intermediate goods production in the home (foreign) economy. The price
of a claim on home (foreign) capital, which is equivalent to the price of home
(foreign) capital itself, is given by Qt (Q∗

t ).
Intermediary i ’s net worth evolves according to the following equation

Ni ,t = Rk,tQt−1Si H ,t−1 +R∗
k,tQ∗

t−1Si F,t−1 −Rt−1DB
i ,t−1,

where Rk,t and R∗
k,t denote state-contingent gross real rates of return of home

and foreign capital assets, respectively. Since the banker cannot invest in assets
which yield a discounted return smaller than the cost of borrowing, the follow-
ing inequalities have to be satisfied

Etβ(C A,t )Λt ,t+1(Rk,t+1 −Rt ) ≥ 0 and

Etβ(C A,t )Λt ,t+1(R∗
k,t+1 −Rt ) ≥ 0.
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With perfect capital markets the above relations would hold with equality. In
the presence of financial frictions, however, the premium must be positive. It
covaries negatively with output as the intermediary’s inability to obtain funds
increases during bad states of the economy. As long as the banker earns some
positive yield on each unit of money invested, she finds it worthwhile to operate
and further accumulate earnings.

It is assumed that each period a fraction 1-θb of bankers exit the busi-
ness with i.i.d. probability and pay out accumulated earnings to their respec-
tive households.5 Therefore, a banker maximizes the terminal value of her net
worth given by

Vt = max Et

∞∑
k=0

(1−θb)θk
bΘt+kΛt ,t+k+1Ni ,t+k+1. (9)

To motivate the requirement to build up net worth, the following moral haz-
ard problem is assumed: At the beginning of each period, before the shocks
realize and any other transactions take place, the banker can choose to divert
the fraction λb of available funds back to the household. The cost associated
with this fraud is that depositors recover the remaining fraction 1−λb and force
the banker into bankruptcy. Therefore, for households to be willing to deposit
funds with the bank, the following incentive constraint must hold

Vi ,t ≥λbBi ,t , (10)

where Bi ,t is a CES composite of home and foreign capital assets given by

Bi ,t =
(
µ

1
ιb
b (Qt Si H ,t )

ιb−1
ιb + (1−µb)

1
ιb (Q∗

t Si F,t )
ιb−1
ιb

) ιb
ιb−1

, (11)

with ιb < 0 denoting the interest rate elasticity of asset demand andµb denoting
the home bias in asset holdings. The assumption of imperfect substitutability
between home and foreign assets in the incentive constraint of the bank can
be motivated by stakeholders’ relative portfolio preferences with respect to dif-
ferent types of assets (“preferred habitat”), different attitudes towards the risks
associated with home as opposed to foreign assets, differential convenience
benefits due to institutional and juridicial differences between countries etc.
(see, e.g., Alpanda and Kabaca, 2018). Large and persistent home bias in the
asset portfolios of financial institutions in the Eurozone and related to that, im-
perfect capital market integration, which seems to be caused by juridicial and
institutional differences between Eurozone countries motivate the assumption

5This arrangement precludes bankers from aggregating so much net worth that the incentive
constraint becomes irrelevant for them.
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of imperfect substitutability between home and foreign assets and the assump-
tion of µb > 0.5 in a model of the European Union.

In order to render international portfolio choice determinate without resort-
ing to higher-order perturbation methods,6 I further assume that the portfolio
composition is determined through an intratemporal maximization problem,
solved separately from the bank’s intertemporal maximization problem stated
in (9). This modeling choice can be motivated with the notion that the asset
portfolio is chosen by portfolio managers who are only in charge of this one
task. In particular, I assume that portfolio managers choose between home and
foreign asset holdings in order to maximize the expected revenue of total asset
holdings given by7

Et Rk,t+1Qt SH ,t +Et R∗
k,t+1Q∗

t SF,t ,

such that the asset composite is smaller or equal than Bi ,t ,(
µ

1
ιb
b (Qt Si H ,t )

ιb−1
ιb + (1−µb)

1
ιb (Q∗

t Si F,t )
ιb−1
ιb

) ιb
ιb−1

≤ Bi ,t .

The optimal demand equations for home and foreign assets are given by

Qt Si H ,t =µb

(
Et Rk,t+1

RB
t

)−ιb
Bi ,t , (12)

Q∗
t Si F,t = (1−µb)

(
Et R∗

K ,t+1

RB
t

)−ιb
Bi ,t , (13)

where

RB
t ≡

(
µb

(
Et Rk,t+1

)1−ιb + (1−µb)
(
Et R∗

k,t+1

)1−ιb
) ιb
ιb−1

. (14)

The banker’s intertemporal problem consists in choosing the size of the as-
set portfolio and the amount of net worth such that the franchise value of the
bank is maximized and the incentive constraint holds. To solve this problem,
guess that the value function is linear in the composite asset portfolio and net
wealth

Vi ,t = νi ,t Bi ,t +ηi ,t Ni ,t .

6Common endogenous portfolio choice methods often rely on higher-order perturbation
techniques to capture the different risk-characteristics of the assets. They are, however, asso-
ciated with certain drawbacks such as inaccuracies when analyzing structurally asymmetric
countries and at higher orders of approximation (cf. Rabitsch et al., 2015).

7A similar setup is used in Gerali et al. (2010) to determine the choice between different types
of savings.
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Solving the banks’ maximization problem using the Lagrange method, it can be
verified that the value function is linear, with the coefficients being given by

νt = EtΩt ,t+1

(
(Rk,t+1 −Rt )µb

(
Et Rk,t+1

RB
t

)−ιb

+ (R∗
k,t+1 −Rt )(1−µb)

(
Et R∗

K ,t+1

RB
t

)−ιb )
(15)

and

ηt = EtΩt ,t+1Rt , (16)

where
Ωt ,t+1 ≡β(C A,t )Λt ,t+1

[
(1−θb)+θb

(
ηt+1 +νt+1φt+1

)]
, (17)

which can be interpreted as the stochastic discount factor of the banker. It dif-
fers from the household’s stochastic discount factor due to the presence of fi-
nancial frictions. Note that the subscript i was dropped because in a symmetric
equilibrium the coefficients exclusively depend on aggregate variables.

Assuming that the incentive constraint binds,8 it can be expressed in terms
of the coefficients of the value function

Bt = ηt

λb −νt
Nt ≡φt Nt , (18)

where φt is the ratio of the composite asset portfolio to net worth, which can
be referred to as the leverage ratio. Note that it is determined endogenously in
this model.

Finally, the law of motion for aggregate net worth can be derived as

Nt = Nn,t +Ne,tΞN ,t (19)

Ne,t = θb

[
(Rk,t −Rt−1)

Qt SH ,t−1

Nt−1
+ (R∗

k,t −Rt−1)
Q∗

t SF,t−1

Nt−1
+Rt−1

]
Nt−1 (20)

Nn,t =ωb(Qt SH ,t−1 +Q∗
t SF,t−1), (21)

where Ne,t denotes existing bankers’ net worth, Nn,t denotes new bankers’ net
worth and ωb is the fraction of assets given to new bankers by households.
Variable ΞN ,t denotes an exogenous disturbance to the net worth of existing
bankers.

8Parameters and steady-state values are chosen such that the incentive constraint binds in
the steady state. Holding shocks small enough guarantees that the incentive constraint also
binds in a stochastic environment.
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2.4 Intermediate Goods Firms

Intermediate goods firms produce an intermediate good which is sold to final
goods producers in the same country at the real price Pm,t for use in the pro-
duction of the final good. The market for intermediate goods is assumed to be
perfectly competitive. open The Cobb-Douglas production function of the rep-
resentative intermediate goods firm is given by

Ym,t = At (UtΨt Kt−1)αL1−α
t , (22)

where Ym,t denotes intermediary output, At exogenous technology and Ut the
utilization rate of capital. Parameter α denotes the output elasticity of capital.
Labor Lt is provided by households in the same country only. Capital Kt−1 was
bought from capital goods producers in the same country in the previous pe-
riod at price Qt−1. To finance capital purchases, the firm issues state-contingent
securities to obtain funds from home and foreign intermediaries at the same
price. Each period, after being productive, the firm has to pay back capital re-
turns on the securities issued in the previous period. As in Gertler and Karadi
(2011), I assume that there exists a shock to the quality of capital, denoted by
Ψt , to provide a source for exogenous variations in the price of capital. It can
be interpreted as the sudden realization that much of the capital installed is of
lower quality than previously thought. As the capital stock is equal to the capital
claims issued to banks, banks’ balance sheets contract in response to a negative
capital quality shock. The law of motion for capital is given by

Kt = It + (1−δ(Ut ))Ψt Kt−1, (23)

where It is aggregate investment and δ(Ut ) denotes physical depreciation,
where δ′(Ut ) > 0 and δ′′(Ut ) > 0.

The first-order conditions of the intermediate goods producer’s profit maxi-
mization problem are, therefore, given by9

Rk,t+1 =
α

Pm,t+1Ym,t+1
Kt

+ (Qt+1 −δ(Ut+1))Ψt+1

Qt
, (24)

wt = (1−α)
Pm,t Ym,t

Lt
, (25)

9As in Gertler and Karadi (2011), I assume that the replacement price of depreciated cap-
ital is unity. Therefore, the value of the capital stock which is left over is given by (Qt+1 −
δ(Ut+1))Ψt+1Kt .
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and

δ′(Ut )Ψt Kt−1 = Pm,tα
Ym,t

Ut
. (26)

The firm earns zero profits state-by-state, hence, it simply pays out the ex post
return to capital Rk,t to the financial intermediary.

2.5 Capital Goods Firms

Competitive capital goods firms produce capital only for the domestic market
using national final output as input facing investment adjustment costs (in con-
sumption units). I also follow the approach used by Gertler and Karadi (2011)
and assume that adjustment costs are on net investment so that the capital uti-
lization decision is independent of the market price of capital. Their functional
form is given by

f

(
In,t + I

In,t−1 + I

)
= ηI

2

(
In,t + I

In,t−1 + I
−1

)2

, (27)

with ηI > 0, denoting the inverse elasticity of investment with respect to price of
capital, I denoting steady-state investment and net investment being defined
as In,t ≡ It −δ(Ut )Ψt Kt−1. The capital goods producer chooses It to maximize
lifetime profits given by

Et

∞∑
k=0

ΘkΛt ,t+k
{
Qt+k It+k −

[
1+ f (·)] It+k

}
.

From the first order conditions, the real price of one unit of capital is obtained

Qt = 1− f (·)+ In,t + I

In,t−1 + I
f ′(·)−Etβ(C A,t )Λt ,t+1

(
In,t+1 + I

In,t + I

)2

f ′(·). (28)

Due to flow investment costs, capital goods firms can earn profits outside the
steady state. These profits are distributed lump-sum to the households.

2.6 Final Goods Firms

There is a continuum of mass unity of home final goods firms. Each firm pro-
duces a slighly differentiated good. Hence, aggregate home final output, Yt , can
be described by the following CES composite of final good varieties

Yt =
[∫ 1

0
Yt ( f )

ε−1
ε d f

] ε
ε−1

,
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with 0 < ε. Yt ( f ) denotes output by retailer f . The corresponding home pro-
ducer price index is given by

PH ,t =
[∫ 1

0
PH ,t ( f )1−εd f

] 1
1−ε

.

Given that consumers allocate consumption expenditures optimally between
varieties, home final goods firm f faces the following demand by home and
foreign consumers10

Yt ( f ) =
(

PH ,t ( f )

PH ,t

)−ε
Yt ,

i.e., its share in total home final goods production, Yt , depends on its relative
price.

It is assumed that each final goods firm produces its output, Yt ( f ), by cost-
lessly repacking intermediate goods. Real marginal cost is therefore given by
the intermediate output price Pm,t . It is further assumed that firms face a pos-
itive probability, θ, each period that they a are not able to reset their price (see
Calvo, 1983). If not able to reset its price, a firm can partly index its price to the
lagged rate of inflation. Hence, the optimal price of a representative home firm,
P̃H ,t is given by

P̃H ,t = ε

ε−1

Et
∑∞

k=0θ
kΘkλt+kΠ

ε
H ,t ,t+kΠ

−εθπ
H ,t−1,t+k−1Yt+k Pm,t+k

Et
∑∞

k=0θ
kΘkλt+kΠ

ε−1
H ,t ,t+kΠ

(1−ε)θπ
H ,t−1,t+k−1Yt+k pH ,t+k

PH ,t , (29)

where ΠH ,t ≡ PH ,t
PH ,t−1

denotes home producer price inflation between t − 1 and

t , pH ,t ≡ PH ,t
Pt

is the relative price of home goods and θπ denotes the degree of
price indexation. The dynamics of the home price index are given by

PH ,t =
(
θΠ

θπ(1−ε)
H ,t−1 P 1−ε

H ,t−1 + (1−θ)P̃ 1−ε
H ,t

) 1
1−ε

. (30)

2.7 Interest Rate Policy

Interest rate policy is specified by a standard Taylor rule. It is assumed that the
common central bank reacts to variations in the union-wide output gap and
the consumer price index (CPI). The union-wide output gap is determined as
a weighted average of the country-specific output gaps. Given that Purchasing
Power Parity holds, consumer price inflation is the same among both countries,

10Given that in a currency union the Law of one Price holds, a distinction between home and
foreign demand is not necessary.
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i.e.,Πt =Π∗
t , whereΠt = Pt

Pt−1
denotes consumer price inflation between periods

t −1 and t . CPI targeting is chosen, because it represents a better description of
actual Taylor rules used in central banks following inflation targeting strategies
(Devereux et al., 2014, p. 937). The particular Taylor rule of the central bank is
given by

iC B
t =

(
βΠ

γπ
t ŷ

0.5γy

t ŷ
∗0.5γy

t

)1−ρi (
iC B

t−1

)ρi
εM ,t , (31)

where β is the steady-state discount factor and ŷt (ŷ∗
t ) denotes the domestic

(foreign) output gap, defined as the difference between flexible price output
and sticky price output. The output gap is approximated by the inverse of the
markup gap.11 The monetary disturbance is denoted by εM ,t .

The Fisher equation establishes the link between the country-specific nom-
inal and real interest rates, i.e.,

it = Rt EtΠt+1, (32)

where the link between the country-specific nominal rate, it , and the union-
wide policy rate, iC B

t , is given by equation (7).
Note that I do not assume that conventional monetary policy acts to accom-

modate unconventional policy. Cahn et al. (2014) model an accommodating in-
terest rate policy and find that, in this case, the effects of unconventional policy
are much larger.

2.8 Unconventional Policies

In this paper, I analyze the impact of two kinds of unconventional monetary
policy, in particular, liquidity facilities (LF) and corporate sector credit pur-
chases (CCP). Both types of policies are modeled using simple rules.

Liquidity Facilities
In the European Union, since the end of 2008, liquidity facilities are conducted
under the fixed rate full allotment tender procedure, i.e., the ECB sets the inter-
est rate and elastically supplies any amount of liquidity financial institutions
ask for. The model cannot directly replicate this policy feature as the central
bank in the model chooses the quantity of funds by following a feedback rule.
However, rule-based liquidity injections capture the endogeneity of the balance
sheet expansion to some extent as they imply that the supply of central bank
credit reacts elastically to prevailing market conditions (Cahn et al., 2014).

The central bank can lend funds, denoted by Mt , directly to banks at rate
Rm,t . As proposed by Gertler and Kiyotaki (2010), it is assumed that the central

11In the given setup, the markup is given by
pH ,t
Pm,t

, where pH ,t ≡ PH ,t
Pt

.
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bank has superior enforcement possibilities compared to households, hence,
only the fraction λb(1−λm) with 0 < λm < 1 of central bank assets can be di-
verted.12 It is further assumed that Mt is chosen in proportion to total home
credit demand.

In the presence of liquidity facilities, a home intermediary’s balance sheet
takes the following form

Qt Si H ,t +Q∗
t Si F,t = DB

i ,t +Ni ,t +Mi ,t . (33)

The equation for the evolution of intermediary i ’s net worth needs to be re-
placed by the following equation

Ni ,t = Rk,tQt−1Si H ,t−1 +R∗
k,tQ∗

t−1Si F,t−1 −Rt−1DB
i ,t−1 −Rm,t−1Mi ,t−1.

The incentive constraint (formerly defined by equation (10)) is now given by

Vi ,t ≥λb(Bi ,t −λm Mi ,t ). (34)

Taking into account the modified balance sheet and incentive constraint, the
net cost of an extra unit of liquidity facilities is given by

ηm,t = EtΩt ,t+1(Rm,t −Rt ). (35)

From the first order conditions of the modified bank’s problem, it can be further
derived that

ηm,t =λmνt , (36)

which ties down Rm,t . The law of motion for existing banks’ net worth (formerly
defined by equation (20)) changes to

Ne,t = θb

(
(Rk,t −Rt−1)

Qt SH ,t−1

Nt−1
+ (R∗

k,t −Rt−1)
Q∗

t SF,t−1

Nt−1

− (Rm
t−1 −Rt−1)

Mt

Nt−1
+Rt−1

)
Nt−1. (37)

As already discussed, I use a rule-based approach to model the provision of
liquidity facilities. In particular, the fractions of publicly intermediated credit in

the home and foreign economy, Φm,t ≡ Mt
Qt Kt

and Φ∗
m,t ≡

M∗
t

Q∗
t K ∗

t
, respectively, are

12If the fraction of divertable assets would be the same for central bank funds as for household
deposits, the extra credit would not expand the supply of liquidity in the banking market but
simply supplant it.
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determined by simple rules. I distinguish between union-wide versus country-
specific rules and credit spread (rule 1) versus credit growth (rule 2) rules. If a
union-wide rule is chosen, the central bank adjusts Φm,t = Φ∗

m,t in reaction to
union-wide averages, whereas, when a country-specific rule is chosen, it holds
that Φm,t 6= Φ∗

m,t , whenever the economy is not in the deterministic steady
state.13 Note that an increase in the credit spread and a decrease in credit
growth indicate a tightening of financial conditions caused by an adverse shock.
Hence, the fractions of intermediated assets, Φm,t and Φ∗

m,t , are either directly
proportional to the deviation of the external finance spread14 from its steady-
state value (credit spread rule) or inversely proportional to credit growth (credit
growth rule).

Hence, the union-wide rule is either given by

Φm,t = κm

[
0.5

(
ln

(
Et Rk,t+1

Rt

)
+ ln

(
Et R∗

k,t+1

R∗
t

))
− ln

(
Rk

R

)]
(38)

or

Φm,t =−κm ln

[
0.5(Qt Kt +Q∗

t K ∗
t )

0.5(Qt−1Kt−1 +Q∗
t−1K ∗

t−1)

]
. (39)

The country-specific rules are either given by

Φm,t = κm

[
ln

(
Et Rk,t+1

Rt

)
− ln

(
Rk

R

)]
, (40)

Φ∗
m,t = κm

[
ln

(
Et R∗

k,t+1

R∗
t

)
− ln

(
Rk

R

)]
, (41)

or

Φm,t =−κm ln

[
Qt Kt

Qt−1Kt−1

]
, (42)

Φ∗
m,t =−κm ln

[
Q∗

t K ∗
t

Q∗
t−1K ∗

t−1

]
. (43)

13I only consider uncorrelated country-specific shocks. If shocks were perfectly correlated
between the two economies, it would also hold in the presence of shocks thatΦm,t =Φ∗

m,t .
14Note that I use the same definition of the external finance premium as Gertler and Karadi

(2011), i.e., the difference between financing costs of firms and the deposit rate. In their model,
this spread coincides with the spread relevant for banks. With banking market integration, I
could alternatively use lnRB

t −lnRt , reflecting more closely the conditions in the banking sector.
Although I do not expect results to differ much, I plan to include such an analysis into the
robustness checks.
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Corporate Sector Credit Policy
The second type of unconventional monetary policy is the direct provision of
non-financial private sector credit by the central bank (see also, e.g., Gertler
and Karadi, 2011; Dedola et al., 2013). I assume that the central bank intermedi-
ates fractionΦ f ,t of overall funding needs in the home economy, i.e.,

Ft =Φ f ,tQt Kt , (44)

where Ft denotes overall private sector asset purchases by the central bank in
the home economy. Hence, the capital market clearing condition, equation (54),
which will be provided in the next section, has to account for the fraction of
publicly intermediated assets.

As before, I distinguish between union-wide versus country-specific and
credit spread (rule 1) versus credit growth (rule 2) rules. And it also holds that
whenever the central bank choses a union-wide rule, the same fraction of pri-
vate sector assets is provided in each country, i.e.,Φ f ,t =Φ∗

f ,t .
Therefore, the union-wide rule is either given by

Φ f ,t = κ f

[
0.5

(
ln

(
Et Rk,t+1

Rt

)
+ ln

(
Et R∗

k,t+1

R∗
t

))
− ln

(
Rk

R

)]
(45)

or by

Φ f ,t =−κ f ln

(
0.5(Qt Kt +Q∗

t K ∗
t )

0.5(Qt−1Kt−1 +Q∗
t−1K ∗

t−1)

)
. (46)

The country-specific rules are either given by

Φ f ,t = κ f

[
ln

(
Et Rk,t+1

Rt

)
− ln

(
Rk

R

)]
, (47)

Φ∗
f ,t = κ f

[
ln

(
Et R∗

k,t+1

R∗
t

)
− ln

(
Rk

R

)]
, (48)

or by

Φ f ,t =−κ f ln

(
Qt Kt

Qt−1Kt−1

)
, (49)

Φ∗
f ,t =−κ f ln

(
Q∗

t K ∗
t

Q∗
t−1K ∗

t−1

)
. (50)
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Public Intermediation Costs and Government Budget Constraint
I assume that central bank intermediation is costly. These costs could capture
efficiency costs but also the risk of credit default whose actual occurrence is
ruled out in this kind of model. I follow Gertler et al. (2012) and Dedola et al.
(2013) in assuming quadratic intermediation costs. This kind of modeling re-
flects the more realistic scenario where costs are higher whenever the central
bank has a long position in corporate assets or bank credit (Gertler et al., 2012).
The cost functions are given by

Γm,t = τ1(Mt +M∗
t )+τ2(M 2

t +M∗2
t ), (51)

Γ f ,t = τ1(Ft +F∗
t )+τ2(F 2

t +F∗2
t ), (52)

where Γm,t and Γ f ,t denote the total costs of central bank intervention and τ1

and τ2 reflect the sensitivity of the costs with respect to the amount of central
bank credit provided.

Central bank credit to financial and non-financial firms is financed by the is-
suance of government debt which is a perfect substitute for household deposits.
I assume that in each country the amount of central bank credit is equal to the
issuance of government debt. Thereby, the aggregate resource constraint is not
affected by unconventional monetary policy. Furthermore, I assume that costs
are equally split between the two countries. Hence, the home government flow
budget constraint takes the following form

0.5(Γm,t +Γ f ,t )+Mt +Ft = Tt + (Rm,t−1 −Rt−1)Mt−1 + (Rk,t −Rt−1)Ft−1. (53)

2.9 Market Clearing and Further Equilibrium Conditions

The capital market clearing condition states that in each country, the cur-
rent value of total installed capital has to be equal to the total value of state-
contingent claims on future returns of capital. If the central bank provides cor-
porate sector credit, the fraction of funds intermediated by the central bank,
Φ f ,t , has to be deducted

(1−Φ f ,t )Qt Kt =Qt (SH ,t +S∗
H ,t ). (54)

Home final goods market clearing is given by

Yt =CH ,t +C∗
H ,t +

Pt

PH ,t
[It + f

(
In,t + I

In,t−1 + I

)
(In,t + I )]. (55)

The home aggregate resource constraint is derived from aggregation of
home households’ budget constraints, considering profits from the ownership
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of non-financial firms, profits of international intermediaries, the government
flow budget constraint, retained earnings from exiting bankers and the transfer
to new bankers

PH ,t

Pt
Yt +Q∗

t−1SF,t−1R∗
k,t −Qt−1S∗

H ,t−1Rk,t +DF,t−1Rt−1 +ΥIFI
t

=Ct +DF,t + [It + f

(
In,t + I

In,t−1 + I

)
(In,t + I )]

+Q∗
t SF,t −Qt S∗

H ,t +0.5(Γm,t +Γ f ,t ), (56)

whereΥIFI
t =−

(
1

Φ(−DF,t ) −1
)

DF,t

iC B
t

denotes international intermediaries’ profits.15

Bonds are in zero net supply, i.e.,

DF,t =−D∗
H ,t ,

where D∗
H ,t denotes foreign households’ deposits in home banks or, more

specifically, foreign international bond holdings invested in home banks.
Last but not least, the relationship between final goods production and in-

termediate goods production characterizes the equilibrium

Ym,t = Yt∆p,t , (57)

with∆p,t denoting the price dispersion which arises in a model with a two-stage
production process with intermediate and final good producers and sticky
prices à la Calvo. It can be written in terms of producer price inflation

∆p,t = θ∆p,t−1Π
ε
H ,tΠ

−εθπ
H ,t−1 + (1−θ)

1−θΠε−1
H ,tΠ

θπ(1−ε)
H ,t−1

1−θ

 ε
ε−1

. (58)

3 Calibration

Table 1 reports the baseline calibration and its sources. The time unit is one
quarter.

The values for the habit formation parameter, h, the Frisch elasticity of labor
supply, φ−1, the steady-state depreciation rate, δ(U ), the elasticity of marginal
depreciation with respect to the utilization rate, ζ, the inverse elasticity of net
investment to the price of capital, ηI and the Calvo parameter, θ, are taken from
Gertler and Karadi (2011). They report to base most of them on estimates from
Primiceri et al. (2006).

15As in Hjortsoe (2016), I assume that international intermediaries’ profits are redistributed
in a lump-sum fashion to households in the current account surplus country.
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Parameter ηc in the endogenous discount factor was taken from Devereux
and Sutherland (2009). They choose it to be small, to keep the effects of this
purely technical feature on the results of the model negligible. The same is true
for ωd , the yield sensitivity to debt, which is calibrated as in Hjortsoe (2016).
Given ηc = 0.01 and the steady-state value of consumption, parameter ωc was
chosen as to guarantee an annual steady-state interest rate of 4%, i.e., a steady-
state value of β(C A) of 0.99.

Following Gertler and Karadi (2011), the functional form of the relationship
between capital utilization and and the time-varying depreciation rate is given
by

δ(Ut ) = δu + b

1+ζU 1+ζ
t . (59)

Parameter b is chosen such that the steady-state capital utilization rate is equal
to one. Given b, parameter δu is chosen as to guarantee a steady-state depreci-
ation rate of 0.025.

The value chosen for the trade elasticity between home and foreign goods
is in line with the values de Walque et al. (2006) estimated for the European
Union. Home bias in asset holdings, µb , and the elasticity of substitution be-
tween home and foreign assets with respect to interest rates, ιb , were taken from
Poutineau and Vermandel (2015) who estimated them based on Eurozone data.

The values of the parameters of the banking system, λb , θb andωb are taken
from Gertler and Karadi (2011). They choose these values to hit three targets: a
steady-state interest rate spread of 100 basis points, a steady-state leverage ratio
of four and an average lifetime of a bank of 10 years.

The coefficients of the Taylor rule, γy and γπ, were also taken from Gertler
and Karadi (2011). Parameter λm was chosen to yield a divertability of govern-
ment assets of approximately 0.2 (= λb(1 −λM )), which is, admittedly, an ar-
bitrary value. The intermediation cost parameters, τ1 and τ2, are taken from
Gertler et al. (2012).16 The feedback coefficients of the unconventional mone-
tary policy rules will be chosen optimally.

The three exogenous variables At ,Ψt and ΞN ,t are assumed to follow AR(1)
processes. persistence and standard deviation of the technology shock are
taken from Gertler and Karadi (2011).17 The persistence of the net wealth shock
is set to 0.66 which is equal to the persistence of the capital quality shock. Note
that the capital quality shock as well as the net wealth shock directly affect stock

16As there is no information on the cost of central bank credit policy, however, the modeling
of these costs directly affects the welfare results, robustness checks were conducted. I found
that the main result is not qualitatively affected by choosing considerably higher values of τ1

and τ2. The corresponding welfare tables are available on request.
17Shock processes are specified in levels. Thereby, it is ensured that positive and negative

realizations of shocks affect welfare symmetrically.
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Parameter Description Value Source
Households
h habit formation parameter 0.815 Gertler and Karadi (2011)
χ utility weight of labor 2.592
φ inverse of Frisch elast. 0.276 Gertler and Karadi (2011)
ηc param. from discount factor 0.010 Devereux and Sutherland (2009)
ωc param. capturing st.-st. savings

propensity
0.996

ωd yield sensitivity to debt 0.010 Hjortsoe (2016)
Capital producing firms
ηI inverse elast. of invest. with respect

to price of capital
1.728 Gertler and Karadi (2011)

Intermediate goods firms
α output elast. of capital 0.330 Gertler and Karadi (2011)
δ(U ) st.-st. depreciation rate 0.025 Gertler and Karadi (2011)
ζ elast. of marginal depreciation with

respect to utilization rate
7.200 Gertler and Karadi (2011)

b param. from variable capital util. 0.038
δu param. from variable capital util. 0.020
Final goods firms
θ probability of keeping prices fixed 0.779 Gertler and Karadi (2011)
θπ degree of price indexation 0.241 Gertler and Karadi (2011)
ε elast. of subst. between varieties 4.167 Gertler and Karadi (2011)
ι elast. of subst. between home and

foreign goods
4.000 de Walque et al. (2006)

Financial intermediaries
λb fraction of divertable assets 0.381 Gertler and Karadi (2011)
ωb transfer to entering banks 0.002 Gertler and Karadi (2011)
θb quarterly survival rate of banks 0.972 Gertler and Karadi (2011)
ιb elasticity of substitution between

home and foreign assets
-2.020 Poutineau and Vermandel (2015)

µb st.-st. home bias in asset holdings 0.910 Poutineau and Vermandel (2015)
Central bank
γy feedback coeff. on output gap 0.125 Gertler and Karadi (2011)
γπ feedback coeff. on inflation 1.500 Gertler and Karadi (2011)
ρi interest rate smoothing coeff. 0.800 Gertler and Karadi (2011)
λm parameter to determine divertabil-

ity of CB funds
0.500

κm feedback coeff. liq. fac. rule -
κ f feedback coeff. credit policy rule -
τ1 CB intermediation cost parameter 0.000125 Gertler et al. (2012)
τ2 CB intermediation cost parameter 0.001200 Gertler et al. (2012)
Exogenous processes
ρψ persistence of capital quality shock 0.66 Gertler and Karadi (2011)
ρA persistence of technology shock 0.95 Gertler and Karadi (2011)
ρN persistence of net wealth shock 0.66
σψ, σN ,
σA , σM standard deviation of shocks 0.01

Table 1: Parameters
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variables and, hence, feature a high endogenous persistence. The size of the
capital quality shock is set equal to the size of the other shocks.

4 Welfare Measure

Welfare is evaluated by first computing the conditional expected lifetime util-
ity of the representative household under each financial market setting, as pro-
posed by Schmitt-Grohé and Uribe (2004). The advantage of using conditional
welfare is that it takes into account the transition to a particular, regime specific,
stochastic steady state.18 In the upcoming analyses, all regimes are associated
with different stochastic steady states. Welfare is conditioned on the initial state
being the deterministic steady state, which is the same in all scenarios. Steady
state welfare is given by

W = U (C ,L)

1−β(C )
=

ln((1−h)C )−χL
1+φ

1+φ
1−ωc (1+C )−ηc

.

The conditional expectation of lifetime utility as of time 0 of a particular regime
is denoted as

W0 = E0

∞∑
k=0

β(C A,t+k )

(
ln(Ct+k −hCt+k−1)−χL1+φ

t+k

1+φ

)
.

The benefit or loss of a particular policy regime is calculated as the perma-
nent change in steady-state consumption, necessary to make agents in the non-
stochastic steady state as well off as those in the stochastic economy. I define
the necessary permanent change in steady-state consumption as g . A positive
value of g means that agents in the stochastic setting are better off, whereas a
negative value implies that agents in the non-stochastic setting have a higher
welfare. The particular value for g is found by solving the following equation:

W0 =
ln((1+ g )(1−h)C )−χL

1+φ
1+φ

1−ωc (1+ (1+ g )C )−ηc
.

Conditional welfare is calculated with Dynare. Following, e.g., Gertler and
Karadi (2011), I write welfare recursively as

Wt =U (Ct ,Lt )+β(C A,t )Et Wt+1,

18I define the stochastic steady state as the point in the state space where agents decide to stay
in the absence of shocks, but taking into account the distribution of future shocks (cf. Juillard
and Kamenik, 2005).
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into the model block and take a second-order approximation of the whole
model. From the output I take the uncertainty correction of variable Wt and
add it to the deterministic steady state.19

For each type of policy – liquidity facilities and credit policy, credit spread
and credit growth rule, union-wide and country-specific rule – I search for the
optimal rule by searching numerically for the value of κm or κ f which yields the
highest conditional welfare. I restrict the values of the reaction coefficients to
lay in the interval of [0,330]. Gertler and Karadi (2011) call a rule with κ f = 100

“aggressive policy”, hence, parameter values which lay even above 100 can be
seen as very unrealistic. However, this paper is just a first step towards a deeper
analysis of unconventional monetary policy in a monetary union and also a
wide arrange of rules is analyzed, therefore, on purpose, the interval was chosen
to be very wide as well.

5 Results

In this section, I first present and discuss the welfare implications of the differ-
ent types of unconventional monetary policy introduced in section 2.8, from
the viewpoint of a structurally symmetric union. In oder to better understand
what drives these results, I conduct further model analyses, which are pre-
sented in subsection 5.2. In particular, I discuss the impulse responses for the
home and foreign economy under different unconventional monetary policies
and I analyze the sensitivity of my results to varying certain model features
which are responsible for the cross-country correlations of the indicator vari-
ables. In the last subsection, I turn to a monetary union, in which one country
has already implemented a countercyclical capital buffer and analyze whether
the introduction of unconventional monetary policy distorts the incentives to
introduce the same macroprudential regulation in the other country.

5.1 Optimal Simple Rules in a Symmetric Setup

Table 2 displays the welfare results for the different policy regimes. Column (1)
shows the optimal coefficient of the particular liquidity facility or credit policy
rule. Column (2) contains the welfare gain of living in a stochastic world under
a particular regime compared to staying in the deterministic steady-state for-
ever.20 It is measured in percent of steady-state consumption. Recall that a pos-
itive value of g means that agents in the stochastic setting are better off whereas

19This procedure is described in the Dynare Forum (see Pfeiffer, 2016).
20Recall that the deterministic steady state is the same across all regimes, i.e., in the determin-

istic steady state no unconventional monetary policy is conducted.
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a negative value implies that agents in the non-stochastic setting have a higher
welfare. Finally, column (3) shows the the relative gain of each rule, which is
defined as the difference in the g of a particular rule, compared to the g in the
case without unconventional policy, i.e., compared to g =−2.72.

κ f , κm g Relative
(in %) gain

(1) (2) (3)
No UMP - -2.72 -
Rule 1 - Credit Spread Rule
LF, country-specific 50 -2.45 0.27
LF, union-wide 67 -2.39 0.33
CCP, country-specific 167 -1.77 0.95
CCP, union-wide 233 -1.62 1.10
Rule 2 - Credit Growth Rule
LF, country-specific 63 2.43 5.15
LF, union-wide 70 2.19 4.91
CCP, country-specific 137 4.07 6.79
CCP, union-wide 137 3.66 6.38

No UMP: no unconventional monetary policy. LF: liquidity fa-
cilities. CCP: corporate credit policy. κ f : optimal feedback coef-
ficient for liquidity facilities. κm : optimal feedback coefficient
for credit policy. g : welfare gains in consumption equivalents in
percent of steady-state consumption. Relative gain: difference
in g to case without unconventional policy.

Table 2: Optimal Simple Rules in a Symmetric Setup

First, it should be noted, that all unconventional monetary policy rules an-
alyzed here are welfare-improving compared to the case of no unconventional
policy (relative gain is always positive). However, this result depends, most im-
portantly, on the presence and calibration of specific shocks in the model, the
calibration of λm and the assumptions regarding the intervention costs.21

Furthermore, it can be seen that in all cases credit policy yields higher wel-
fare than the provision of liquidity facilities. The reason is that in the case of
credit policy, the central bank directly provides credit to the corporate sector,
while in the case of liquidity facilities, the funds provided by the central bank
are channeled through the private financial intermediation sector which is sub-

21As robustness analyses have shown, even for very high intervention cost parameters (τ1 =
0.000625 and τ2 = 0.0062) most policies are still welfare-improving. Results of the robustness
analyses are available on request.
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ject to financial frictions.22 This can also explain, why it is optimal to conduct
credit policy much more aggressively than the provision of liquidity facilities
(κ f > κm for all rules).23

A further result is that credit growth rules yield higher welfare than credit
spread rules. As the positive g ’s in the lower part of the table imply, when living
in an environment in which the central bank conducts unconventional poli-
cies following credit spread rules, households even prefer the stochastic over
the deterministic environment.24 Assumably, the reason for the preferability of
credit growth rules over credit spread rules is that credit growth is more closely
related to welfare-relevant, i.e., real variables than the credit spread. Moreover,
the credit spread should be largely reflected in credit growth while the latter
contains additional information about the state of the (real) economy.

The most interesting finding is that whenever the central bank uses a credit
spread rule, welfare is higher when the central bank reacts to union-wide av-
erages than when it reacts to country-specific indicators. The opposite holds
when the central bank relies on a credit growth rule. In this case, country-
specific rules are better suited to address country-specific disturbances. Note
that I marked those policies grey which provide higher welfare when compar-
ing country-specific to union-wide rules. In the next section, I will provide some
additional analyses in order to find an explanation for this result.

Table 3 reports consumption risk-sharing between the two countries and
the stochastic steady-state values of capital (K ), bankers’ net worth (N ), lever-
age (φ) and consumption (C ).25 Again, those lines are marked grey which con-
tain the results for a policy rule which provides higher welfare when comparing

22Rewriting the banking sector’s balance sheet in the presence of liquidity facilities as

Bt =φt Nt +λm Mt ,

it is straightforward to see that of each unit of central bank funds provided, only λm < 1 are
turned into credit.

23If one is interested in a direct welfare comparison between these two types of measures, it
might be recommendable to set intervention costs higher for corporate credit policy, given that
corporate asset purchases presumably require a higher amount of monitoring activities by the
central bank.

24As pointed out by Dedola et al. (2013), in this type of model, a certain degree of volatility
can be welfare-improving as it interacts with the financial friction to stimulate precautionary
behavior, such as precautionary saving and capital accumulation. Lester et al. (2014) and Cho
et al. (2015) discuss further model features which can render volatility welfare-improving. In
particular, Lester et al. (2014) show that variable capital utilization and relatively elastic labor
supply, which are both features of my model, contribute to the positive effects of volatility on
welfare.

25The stochastic steady state is computed by simulating the model forward without shocks
using the policy functions obtained from a second-order approximation of the model. This
procedure is explained in the Dynare Forum (see Pfeiffer, 2018).
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country-specific to union-wide rules.

Relative Risk- K N φ C
gain sharing
(1) (2) (3) (4) (5) (6)

No UMP - 0.67 5.586 1.448 3.838 0.7019
Rule 1 - Credit Spread Rule
LF, country-specific 0.27 0.65 5.621 1.449 3.783 0.7036
LF, union-wide 0.33 0.64 5.630 1.441 3.771 0.7039
CCP, country-specific 0.95 0.67 5.643 1.243 3.840 0.7047
CCP, union-wide 1.10 0.61 5.653 1.144 3.849 0.7049
Rule 2 - Credit Growth Rule
LF, country-specific 5.15 0.67 5.974 1.262 4.717 0.7132
LF, union-wide 4.91 0.65 5.945 1.272 4.663 0.7127
CCP, country-specific 6.79 0.73 6.040 1.198 5.019 0.7162
CCP, union-wide 6.38 0.63 6.008 1.215 4.932 0.7155

No UMP: no unconventional monetary policy. LF: liquidity facilities. CCP: corporate credit
policy. Relative gain: difference in g to case without unconventional policy. Columns (3)-(6)
display the stochastic steady state of the given variable. International riskharing is measured
as corr(λt ,λ∗

t ).

Table 3: Optimal Simple Rules and Stochastic Steady State Implications

It is interesting to see that the welfare results are not – or only marginally
– driven by consumption risk-sharing. Although welfare is lowest in the case
without unconventional monetary policy, international risk-sharing ranks sec-
ond among all regimes. For each rule and policy – quite plausibly – risk-sharing
is higher when the policy maker reacts to country-specific indicators, however,
as has been pointed out above, welfare is not necessarily higher for country-
specific policy. It should further be noted, that welfare is positively related to
stochastic steady-state capital (K ) and negatively related to stochastic steady-
state net worth (N ). Taken together, these two findings reflect that unconven-
tional policy is successful in reducing the consequences of the financial friction
on the economies. In particular, regarding corporate sector asset purchases, the
central bank directly provides credit to the real sector, circumventing the trou-
bled banking sector. This allows for a higher buildup of capital while not requir-
ing a higher buildup of net worth. When supplying liquidity facilities, the cen-
tral bank provides the private banking sector with assets which can be less eas-
ily diverted. Thereby, the tightness of the incentive constraint is reduced, which
allows banks to provide the same amount of capital assets with less net wealth.
The effects of unconventional policy on the stochastic steady state ratio of cap-
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ital to net worth are also reflected in the stochastic steady state of the leverage
ratio (φ). As can be seen in table 3, welfare is positively related to φ, except for
the case where the central bank provides liquidity facilities adhering to a credit
spread rule. A higher capital stock allows for higher production and consump-
tion (C ) which can – to some extend – explain the welfare ranking of the policy
regimes.

5.2 Understanding the Results

As it is well know, welfare results are – to a large extent – driven by the under-
lying sources of risk. Therefore, when trying to understand the results, it is ad-
visable to look at the optimal simple rules in environments featuring only one
shock at a time. Tables 8 to 11 in the appendix contain the respective coeffi-
cients and welfare results. It can be seen that the capital quality shock drives
the main result. It also holds in a setup with only technology shocks, however,
in this case the welfare differences between country-specific and union-wide
rules are very small. The capital quality shock is quite powerful and enters the
model in different ways. First, capital quality shocks perfectly resemble technol-
ogy shocks with respect to their direct impact on output by hitting the produc-
tion function. Second, they have a direct effect on the capital accumulation pro-
cess, which brings about additional persistence. Third, they directly hit banks’
balance sheets, by changing the value of assets. Due to their large impact on
the model, it is not surprising that they have an important effect on the wel-
fare results. If households were to exist in a world with only net wealth shocks,
i.e., purely financial shocks, they would either prefer rules based upon country-
specific indicators or be indifferent between country-specific and union-wide
rules. There are sizeable gains from unconventional monetary policy, even with
small optimal policy coefficients. Credit spread rules score higher than credit
growth rules, which implies that the credit spread might be a better indicator of
the needs of the financial system than credit growth. In a world with only mon-
etary policy shocks, by construction, households are completely indifferent be-
tween country-specific and union-wide rules, as these shocks are not country-
specific.

As capital quality shocks were found to drive the main result, it seems nat-
ural to have a closer look at the economies’ direct response to capital quality
shocks. Figures 4 and 5 show the impulse responses to an adverse 1% capi-
tal quality shock in the home economy. While the blue line portrays the case
without central bank credit policy, the red line portrays the case with country-
specific credit policy and the black dashed line displays the case with union-
wide credit policy. In the setup underlying figure 4 it is assumed that the central
bank reacts to the credit spread whereas the impulse responses displayed in fig-
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ure 5 are based on the assumption that the central bank reacts to credit growth.
In general, credit policy significantly moderates the contraction in the econ-

omy hit by the shock. By taking over some of the lending activities of the trou-
bled banking sector, the central bank succeeds in dampening the rise in the
credit spread and the drop in asset prices. This, in turn, dampens the decline
in banks’ lending activities. In the absence of central bank credit policy, the for-
eign economy experiences a decline in output which is essentially driven by the
deterioration of foreign banks’ balance sheets which are exposed to home as-
sets. As explained in Krenz (2016), the home capital quality shock directly hits
foreign banks’ balance sheets by destroying part of the asset portfolio. Credit
policy by the central bank can completely eliminate the adverse effect on for-
eign output (and other real and financial variables) by effectively combatting
the balance sheet recession in the foreign economy.

Recall that, union-wide policies yield higher welfare in the case of credit
spread rules (figure 4), whereas country-specific policies yield higher welfare in
the case of credit growth rules (figure 5). In order to understand the impulse
responses, it is important to remember that when the central banks adheres to
a union-wide rule it reacts to union-wide averages and intermediates the same
share of funds in both countries. On the other hand, when it follows country-
specific rules, the shares of funds provided in each country are chosen based
on country-specific needs. Therefore, by construction, in the economy hit by
a shock, country-specific policy leads to more stabilization than union-wide
policy, while the opposite is true in the economy not hit by the shock.
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Figure 4: Impulse Responses to an Adverse 1% Capital Quality Shock under a Credit
Spread Rule (Rule 1)

The figures clearly show that the differences between country-specific and
union-wide policies are much smaller for credit spread rules (figure 4) than for
credit growth rules (figure 5). This holds even though, in the latter case, the op-
timal coefficients are equal (κ f = 137). When the central bank follows a credit
spread rule (figure 4), the stabilization provided to the home economy is very
similar, regardless of whether the corporate credit purchases are conducted in
a union-wide or a country-specific manner. In the foreign economy, per con-
struction, union-wide policy leads to more stabilization than country-specific
policy in both figures. However, for credit growth rules (figure 5) the differences
between union-wide and country-specific policy are much more pronounced.
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Figure 5: Impulse Responses to an Adverse 1% Capital Quality Shock under a Credit
Growth Rule (Rule 2)

As the cross-country correlations of the indicators of the unconventional
monetary policy rules seem to be an important driver of the findings of the
impulse response analyses, it seems worthwhile to conduct robustness checks
with respect to some of the determinants of the cross-country correlation of the
indicator variables. In particular, I analyze the two extreme cases where banks
do not provide credit to foreign firms and, on the other extreme, where banks
hold a fully diversified portfolio (µb = 0.5). Tables 12 to 14 in the appendix show
the optimal coefficients and welfare results for the different rules in the two ex-
treme cases. Table 12 shows that with domestic credit provision, the result that
credit policy following a credit spread rule yields higher welfare when reacting
to union-wide indicators still holds. In the case of fully diversified banks (see
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tables 13-14), however, it does not hold any more. In the environment with all
shocks, it now depends on the type of policy – liquidity facilities or credit policy
– whether union-wide or country-specific rules yield higher welfare. In the envi-
ronment with only capital quality shocks, credit policy following a credit spread
rule yields higher welfare when reacting to country-specific indicators and the
provision of liquidity following a credit growth rule yields higher welfare when
reacting to union-wide indicators. For credit policy following a credit growth
rule, agents are almost indifferent between country-specific and union-wide
rules. Tables 4 and 5, below, support the view that this might be the result of the
underlying cross-country correlations: In the baseline model (µb = 0.91) and
the model with domestic credit provision, the correlation between home and
foreign credit spreads is higher than the correlation between home and foreign
credit growth. In the model with fully diversified bank portfolios, the ranking
is turned around. This result holds for an environment with all shocks, but
is even more pronounced when only taking into account capital quality shocks.

Correlation Baseline Domestic credit Full diversification
between µb = 0.91 µb = 0.5

Y ,Y ∗ 0.621 0.535 0.741
λ,λ∗ 0.673 0.579 0.831
Rk
R ,

R∗
k

R∗ 0.873 0.556 0.824
QK ,Q∗K ∗ 0.630 0.420 0.994

Table 4: Cross-Country Correlations

Correlation Baseline Domestic credit Full diversification
between µb = 0.91 µb = 0.5

Y ,Y ∗ 0.430 0.535 0.970
λ,λ∗ 0.582 0.579 0.980
Rk
R ,

R∗
k

R∗ 0.790 0.556 0.177
QK ,Q∗K ∗ 0.367 0.420 0.986

Table 5: Cross-Country Correlations (Only Capital Quality Shocks)

It can be concluded that if the central bank reacts to indicator variables
which are highly correlated between countries, it might be welfare-superior
to resort to union-wide rules as opposed to country-specific rules. If indica-
tors are highly correlated, union-wide rules provide similar stabilization in the
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economy hit by the shock while overstabilization in the economy spared by the
shock is smaller, rendering union-wide rules preferable over country-specific
rules.

As explained in the introduction, the intuition behind this result is second-
best reasoning. The way unconventional monetary policy is set up – in form of
optimal simple rules – the effects of the financial friction on the real economy
cannot be fully eliminated. When comparing the stabilizing effects of union-
wide rules to those of country-specific ones, there is less stabilization in an
economy hit by a shock, but additional stabilization in the economy not hit
by the shock. In the second-best context considered, this additional stabiliza-
tion is, in general, welfare-improving because it provides policy makers with
the opportunity to simply provide more central bank credit to the union. This
further reduces the real effects of the financial friction. As the impulse response
analysis shows, when the indicators of the rules are highly correlated, under a
union-wide rule, the stabilization loss in the economy hit by the shock is quite
small but there is still considerable “overstabilization” in the economy not hit
by the shock. In this case, the net welfare effects of too little versus too much
stabilization are positive, because, overall, unconventional monetary policy al-
lows for a further reduction of the effects of the financial friction.

5.3 Optimal Simple Rules in an Asymmetric Setup

It is very often argued, that unconventional monetary policy can cause free-
riding behavior and lower the incentives to reform financial structures. This
is especially relevant in a financially heterogeneous monetary union where the
risks and costs of unconventional monetary policy are shared among member
countries. In this section, I consider the case where country H has a sounder fi-
nancial system than country F . This is modeled by introducing a macropruden-
tial instrument with similar effects as a countercyclical capital buffer in country
H .26

Regarding the implementation of the capital requirement, I follow Ghilardi
and Peiris (2016) and Levine and Lima (2015) by introducing a countercyclical
subsidy on net worth, τN

t , which adjusts in proportion to variations in the credit-

26The Basel Committee on Banking Supervision (2017) reports considerable cross-country
differences in the implementation of the countercyclical capital buffer required by the Basel III
framework.

34



to-GDP-ratio27

ln(1+τN
t ) =−κτ ln

(
Bt /Yt

B/Y

)
, (60)

where κτ = 0.1.
In general, a subsidy on net worth changes the marginal cost of borrow-

ing from households. If implemented in a countercyclical fashion, the subsidy
increases whenever the economy performs below average, reducing lending
costs, hence, facilitating lending activities, while it precludes the economy from
overheating during economic upswings by increasing the cost of borrowing.

Given the subsidy, intermediary i ’s net worth evolves according to the fol-
lowing equation

Ni ,t = Rk,tQt−1Si H ,t−1 +R∗
k,tQ∗

t−1Si F,t−1 −Rt−1DB
i ,t−1 +τN

t−1Ni ,t−1.

Solving the banks’ maximization problem in the presence of the subsidy, the
marginal cost of deposits (formerly given by equation (16)) changes to

ηt = EtΩt ,t+1(Rt +τN
t ). (61)

On an aggregate level, only the net worth of existing bankers (formerly given
by equation (20), or, in the presence of liquidity facilities, by equation (37)) is
affected by the macroprudential subsidy, i.e.,

Ne,t = θb

[
(Rk,t −Rt−1)

Qt SH ,t−1

Nt−1
+ (R∗

k,t −Rt−1)
Q∗

t SF,t−1

Nt−1
+Rt−1 +τN

t−1

]
Nt−1.

(62)

In this asymmetric setup, the optimal policy coefficients of the country-
specific unconventional monetary policy rules will obviously differ between
countries, i.e., κm 6= κ∗m and κ f 6= κ∗f in the country-specific rules. Since I as-
sume that unconventional monetary policy is conducted by a single authority,
reaction coefficientsκm andκ∗m , orκ f andκ∗f , respectively, are chosen to jointly
maximize union-wide welfare.

Table 6 shows the welfare results for such a heterogeneous monetary union.
To facilitate comparisons, column (6) provides the welfare results for the base-
line case discussed in section 5.1, in which neither country had implemented

27Ghilardi and Peiris (2016) use foreign borrowing as an indicator variable and Levine and
Lima (2015) employ a whole set of different indicator variables in the macroprudential rule.
However, as it is generally agreed that macroprudential instruments should prevent excessive
credit development (see, e.g., Lang and Welz, 2017), the credit-to-GDP-ratio seems to be a nat-
ural choice for an indicator variable in a macroprudential rule in the given model.
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any financial regulation. First of all, it should be noted that without uncon-
ventional monetary policy, welfare in the financially more regulated country
and average union-wide welfare are higher than in the baseline scenario where
both countries are symmetric and macroprudential regulations are absent
(g H , gU N > g ). Welfare in the financially less regulated economy, however, is
slightly lower compared to the baseline case (g F < g ), which implies a nega-
tive externality of the introduction of macroprudential policy in a single coun-
try. A possible explanation for this result is that in the stochastic steady state,
the financially regulated country (H) resumes some of the financial activities
of the other country. Due to home bias in asset holdings this implies a higher
capital stock and, hence, higher consumption in country H at the expense of
country F . The latter result changes, once unconventional monetary policy is
introduced. In combination with any unconventional monetary policy rule con-
sidered, country F also profits from the introduction of macroprudential policy
in country H .

Home Foreign Union Symm.
(regulated (non-regulated average union
fin. sector) fin. sector) (table 2)

κ f , κm g H κ f , κm g F gU N g
(1) (2) (3) (4) (5) (6)

No UMP 0 -2.46 0 -2.81 -2.64 -2.72
Rule 1 - Credit Spread Rule
LF, country-specific 79 -2.16 50 -2.41 -2.28 -2.45
LF, union-wide 73 -2.17 73 -2.36 -2.26 -2.39
CCP, country-specific 330 0.37 172 -1.35 -0.49 -1.77
CCP, union-wide 330 2.36 330 -1.37 0.48 -1.62
Rule 2 - Credit Growth Rule
LF, country-specific 56 0.46 66 2.49 1.47 2.43
LF, union-wide 69 0.54 69 1.98 1.26 2.19
CCP, country-specific 26 1.23 330 3.84 2.53 4.07
CCP, union-wide 46 0.66 46 2.45 1.55 3.66

No UMP: no unconventional monetary policy. LF: liquidity facilities. CCP: corporate credit policy.
κ f : optimal feedback coefficient for liquidity facilities. κm : optimal feedback coefficient for credit
policy. g : welfare gains in consumption equivalents in percent of steady-state consumption.

Table 6: Optimal Simple Rules and Welfare Gains with Structurally Heterogeneous Coun-
tries

A further finding is that, once the common central bank adopts a credit
growth rule for the conduct of unconventional policies, the macroprudential
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regulation in country H ceases to be welfare-improving – from the viewpoint of
country H and from the viewpoint of the union as a whole (g H , gU N < g ). A pos-
sible reason for this result is the way the macroprudential rule in country H is
specified: As τN

t , the macroprudential policy instrument, reacts to a credit mea-
sure, its stabilization effects might partly overlap with those of unconventional
policies reacting to credit growth. In the following analysis, only the policy com-
binations which are welfare-improving from the viewpoint of the union will be
considered.

The results might imply that unconventional monetary policy aggravates
free-riding behavior on the part of a country with a less stable financial sector.
To evaluate whether the incentives to reform financial structures are affected
by the introduction of unconventional monetary policy measures, country F ’s
welfare gains from unconventional policy provided in column (4) of table 6 have
to be compared to its welfare gains in the counterfactual case in which it also
adopts a macroprudential policy measure. Note that in this case, the two coun-
tries of the union would be perfectly symmetric again.

g F , g F , Relative gain
no reform reform from reform

(1) (2) (2)-(1)
No UMP -2.81 -2.52 0.29
Rule 1 - Credit Spread Rule
LF, country-specific -2.41 -2.11 0.30
LF, union-wide -2.36 -2.10 0.25
CCP, country-specific -1.35 0.84 2.19
CCP, union-wide -1.37 0.84 2.20

No UMP: no unconventional monetary policy. LF: liquidity facilities. CCP:
corporate credit policy. κ f : optimal feedback coefficient for liquidity facili-
ties. κm : optimal feedback coefficient for credit policy. g : welfare gains in
consumption equivalents in percent of steady-state consumption.

Table 7: Incentives to Reform Financial Structures in the Foreign Econ-
omy

Table 7 shows the welfare gains in country F resulting from different uncon-
ventional monetary policy regimes, with and without a reform of the financial
sector in country F . As indicated by the positive values in the last column, coun-
try F profits from a reform of its own financial sector in all regimes considered.
Compared to the case without unconventional monetary policy, incentives to
reform are considerably larger when the central bank resorts to corporate credit
policy. Under the provision of liquidity facilities, they stay almost the same as
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under the no-unconventional-policy regime.
The results of this section imply that the introduction of unconventional

monetary policy in a structurally heterogeneous monetary union might affect
the incentives to reform financial structures in individual countries, however,
not necessarily in a negative way. The analysis only constitutes a first approach
to modeling and analyzing the interplay between unconventional monetary
policy and structural heterogeneity in a monetary union. The results cannot be
generalized to the wide range of structural asymmetries found in, e.g., the Eu-
ropean Union. I plan on deepening the analysis of unconventional monetary
policy in a heterogeneous monetary union.

6 Conclusion

In recent years, the ECB has adopted a wide array of unconventional mone-
tary policy measures. All of them were decided upon on a centralized level, i.e.,
responding to union-wide conditions. However, while some (several purchase
programs) were made available to recipients in Eurozone countries in a fixed
manner, according to their respective country’s key, others (e.g., liquidity pro-
vision) were provided to recipients flexibly according to specific needs and re-
gardless of nationality. Hence, while the former can be seen as measures ad-
dressing union-wide circumstances, the latter allow a tailor-made response to
country-specific shocks. This paper analyzes the welfare implication of a small
sample of unconventional monetary policy measures and, in particular, distin-
guishes between country-specific and union-wide approaches. Since the sub-
ject of cross-country heterogeneity is an important factor when discussing the
risks and benefits of unconventional policies in a monetary union, I also con-
sider the case of a structurally asymmetric monetary union.

The results obtained from these analyses provide some important policy
implications for a monetary union. First, I show that from a theoretical point
of view, it is not in general welfare-improving to use unconventional instru-
ments to address country-specific shocks. In particular, union-wide policy
yields higher welfare than country-specific policy, when the central bank reacts
upon indicators which are highly correlated between countries. If, however, for
whatever reason (measurement problems, high divergence between countries
etc.), policy is guided by indicators with a high cross-country variance, union-
wide policy leads to welfare losses compared to country-specific policy. That
this might be a relevant problem in the European Union is, e.g., found by Mac-
chiarelli et al. (2017, p. 5) who report that “corporates in countries like Italy and
Spain, where the banking system is more under pressure, might benefit less
from the CSPP [Corporate Sector Purchase Program; note from the author]”. It
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is difficult to imagine how some of the unconventional monetary policy instru-
ments, such as corporate sector asset purchases, can be provided in a more
targeted (i.e., country-specific) way. However, they could, for example, be ac-
companied by programs which facilitate access to bond markets and support
firms in troubled countries or market segments in meeting the eligibility crite-
ria for bond purchase programs.

The analysis of a heterogeneous union showed that unconventional mone-
tary policy – regardless of whether it is conducted in a union-wide or country-
specific manner – might affect the incentives to conduct regulatory reforms
in single countries, however, effects can be positive or negative depending on
which unconventional instrument is used. This result supports the case for
pushing forward the banking union in order to unify supervision and regula-
tion across countries.

The analysis can be extended in various dimensions. In the given setup, the
performance of the different optimal rules should be compared against Ramsey
optimal policy. Furthermore, I plan to solve the model under the assumption
that the zero-lower bound is binding. This assumption is going to render wel-
fare calculations much more difficult. However, in a first step, it will be interest-
ing to see whether the results of the impulse response and the correlation analy-
ses remain qualitatively the same. An interesting extension to the model, which
would, however, go beyond the scope of this paper, is the addition of sovereign
bonds to banks’ balance sheets and an explicit modeling of government risk.
Such a setup would allow the modeling of the so-called “bank-sovereign nexus”
and a realistic analysis of a public sector purchase program. Another interest-
ing extension would be to take into account game theoretical issues associated
with macroprudential policies being implemented on a national level and un-
conventional policies being implemented on a union-wide level.
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Appendix

κ f , κm g Relative
(in %) gain

(1) (2) (3)
No UMP - 0.00 -
Rule 1 - Credit Spread Rule
LF, country-specific 0 0.00 0
LF, union-wide 0 0.00 0
CCP, country-specific 0 0.00 0
CCP, union-wide 120 0.04 0.04
Rule 2 - Credit Growth Rule
LF, country-specific 40 0.93 0.93
LF, union-wide 40 0.66 0.66
CCP, country-specific 137 1.54 1.54
CCP, union-wide 137 1.13 1.13

No UMP: no unconventional monetary policy. LF: liquidity fa-
cilities. CCP: corporate credit policy. κ f : optimal feedback coef-
ficient for liquidity facilities. κm : optimal feedback coefficient
for credit policy. g : welfare gains in consumption equivalents
in percent of steady-state consumption. Relative gain: differ-
ence in g to case without unconventional policy.

Table 8: Optimal Simple Rules in a Symmetric Setup (Only Capital Quality Shocks)
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κ f , κm g Relative
(in %) gain

(1) (2) (3)
No UMP - -0.16 -
Rule 1 - Credit Spread Rule
LF, country-specific 330 -0.15 0.01
LF, union-wide 330 -0.15 0.02
CCP, country-specific 330 -0.14 0.02
CCP, union-wide 330 -0.14 0.03
Rule 2 - Credit Growth Rule
LF, country-specific 23 -0.12 0.05
LF, union-wide 23 -0.12 0.04
CCP, country-specific 130 -0.07 0.09
CCP, union-wide 130 -0.08 0.08

No UMP: no unconventional monetary policy. LF: liquidity fa-
cilities. CCP: corporate credit policy. κ f : optimal feedback coef-
ficient for liquidity facilities. κm : optimal feedback coefficient
for credit policy. g : welfare gains in consumption equivalents
in percent of steady-state consumption. Relative gain: differ-
ence in g to case without unconventional policy.

Table 9: Optimal Simple Rules in a Symmetric Setup (Only Technology Shocks)

κ f , κm g Relative
(in %) gain

(1) (2) (3)
No UMP - 0.12 -
Rule 1 - Credit Spread Rule
LF, country-specific 13 0.21 0.09
LF, union-wide 17 0.19 0.07
CCP, country-specific 7 0.21 0.09
CCP, union-wide 10 0.19 0.07
Rule 2 - Credit Growth Rule
LF, country-specific 13 0.16 0.04
LF, union-wide 13 0.16 0.04
CCP, country-specific 10 0.16 0.04
CCP, union-wide 10 0.16 0.04

No UMP: no unconventional monetary policy. LF: liquidity fa-
cilities. CCP: corporate credit policy. κ f : optimal feedback coef-
ficient for liquidity facilities. κm : optimal feedback coefficient
for credit policy. g : welfare gains in consumption equivalents
in percent of steady-state consumption. Relative gain: differ-
ence in g to case without unconventional policy.

Table 10: Optimal Simple Rules in a Symmetric Setup (Only Net Wealth Shocks)
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κ f , κm g Relative
(in %) gain

(1) (2) (3)
No UMP - -2.68 -
Rule 1 - Credit Spread Rule
LF, country-specific 90 -2.33 0.35
LF, union-wide 90 -2.33 0.35
CCP, country-specific 313 -1.58 1.09
CCP, union-wide 313 -1.58 1.09
Rule 2 - Credit Growth Rule
LF, country-specific 100 1.60 4.28
LF, union-wide 100 1.60 4.28
CCP, country-specific 150 2.48 5.16
CCP, union-wide 150 2.48 5.16

No UMP: no unconventional monetary policy. LF: liquidity fa-
cilities. CCP: corporate credit policy. κ f : optimal feedback coef-
ficient for liquidity facilities. κm : optimal feedback coefficient
for credit policy. g : welfare gains in consumption equivalents
in percent of steady-state consumption. Relative gain: differ-
ence in g to case without unconventional policy.

Table 11: Optimal Simple Rules in a Symmetric Setup (Only Monetary Policy Shocks)

κ f , κm g Relative
(in %) gain

(1) (2) (3)
No UMP - -2.97 -
Rule 1 - Credit Spread Rule
LF, country-specific 50 -2.67 0.30
LF, union-wide 79 -2.58 0.39
CCP, country-specific 330 -1.79 1.18
CCP, union-wide 330 -1.68 1.29
Rule 2 - Credit Growth Rule
LF, country-specific 63 2.63 5.60
LF, union-wide 73 2.05 5.02
CCP, country-specific 139 4.47 7.44
CCP, union-wide 139 3.42 6.39

No UMP: no unconventional monetary policy. LF: liquidity fa-
cilities. CCP: corporate credit policy. κ f : optimal feedback coef-
ficient for liquidity facilities. κm : optimal feedback coefficient
for credit policy. g : welfare gains in consumption equivalents
in percent of steady-state consumption. Relative gain: differ-
ence in g to case without unconventional policy.

Table 12: Optimal Simple Rules in a Symmetric Setup (Domestic Credit Provision)
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κ f , κm g Relative
(in %) gain

(1) (2) (3)
No UMP - -2.72 -
Rule 1 - Credit Spread Rule
LF, country-specific 46 -2.47 0.25
LF, union-wide 63 -2.40 0.32
CCP, country-specific 215 -1.53 1.19
CCP, union-wide 201 -1.67 1.04
Rule 2 - Credit Growth Rule
LF, country-specific 50 2.03 4.75
LF, union-wide 73 2.21 4.93
CCP, country-specific 139 3.71 6.42
CCP, union-wide 139 3.70 6.41

No UMP: no unconventional monetary policy. LF: liquidity fa-
cilities. CCP: corporate credit policy. κ f : optimal feedback coef-
ficient for liquidity facilities. κm : optimal feedback coefficient
for credit policy. g : welfare gains in consumption equivalents
in percent of steady-state consumption. Relative gain: differ-
ence in g to case without unconventional policy.

Table 13: Optimal Simple Rules in a Symmetric Setup (Fully Diversified Portfolio,)
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κ f , κm g Relative
(in %) gain

(1) (2) (3)
No UMP - 0.01 -
Rule 1 - Credit Spread Rule
LF, country-specific 0 0.01 0
LF, union-wide 0 0.01 0
CCP, country-specific 109 0.15 0.14
CCP, union-wide 53 0.02 0.01
Rule 2 - Credit Growth Rule
LF, country-specific 26 0.63 0.62
LF, union-wide 40 0.67 0.66
CCP, country-specific 142 1.17 1.17
CCP, union-wide 142 1.16 1.16

No UMP: no unconventional monetary policy. LF: liquidity fa-
cilities. CCP: corporate credit policy. κ f : optimal feedback coef-
ficient for liquidity facilities. κm : optimal feedback coefficient
for credit policy. g : welfare gains in consumption equivalents
in percent of steady-state consumption. Relative gain: differ-
ence in g to case without unconventional policy.

Table 14: Optimal Simple Rules in a Symmetric Setup (Fully Diversified Portfolio; Only
Capital Quality Shocks)
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