The HKU Scholars Hub The University of Hong Kong 7§ t;% A %—i’ ’E-?ﬂ—' ﬁﬁ&
(G A : 5 ' d ;

|2 BAH
| #0| 54 |

Cs®

P
B
3

Title Optimal Monetary Policy in a Currency Union with Interest Rate
Spreads

Author(s) Bhattarai, S; Lee, JW; Park, WY

The 2013 EABCN Conference on Global Spillovers and

Gl Economic Cycles, Paris, France, 30-31 May 2013.

Issued Date | 2013

URL http://hdl.handle.net/10722/188031

Rights Creative Commons: Attribution 3.0 Hong Kong License




Optimal Monetary Policy in a Currency Union
with Interest Rate Spreads*

Saroj Bhattarai Jae Won Lee Woong Yong Park'
Penn State University Rutgers University University of Hong Kong
Abstract

We study optimal monetary policy in a two-country currency union model with nominal and
financial frictions. In addition to, and independent from, the standard transmission mechanism
associated with sticky prices, financial frictions combined with asymmetric asset positions intro-
duce a wealth redistribution role for monetary policy in our model. Financial frictions also lead
to a spread between the deposit and borrowing interest rate and variation in the spread affects
both aggregate variables, by affecting total spending, and relative (cross-country) variables, by
redistributing wealth across countries. Moreover, the interactions between nominal and financial
frictions amplify the effects of monetary policy; imply that a strict inflation targeting policy of
setting union-wide inflation to zero is never optimal and that optimal policy never attains effi-
ciency; and lead to a novel policy trade-off for the central bank in stabilizing relative consumption
versus the relative price gap (the deviation of relative prices from their efficient level). Finally,
under optimal monetary policy, in response to an aggregate purely financial shock that causes an
increase in the interest rate spread, the central bank strongly decreases the deposit rate, which
reduces aggregate and distributional inefficiencies by mitigating the drop in output and inflation
and the rise in relative consumption and prices. We also show that while a traditional Taylor rule
approximates optimal policy imperfectly, especially in response to the financial shock, a spread-
adjusted Taylor rule performs better as it helps the real interest rate track the efficient rate of
interest.
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1 Introduction

The recent global financial crisis has led to a renewed interest in incorporating financial frictions
in business cycle models used in positive and normative analysis of monetary policy.! Much of
this recent work, especially the subset that analyzes normative implications, has been done in the
context of closed economy models of the monetary policy transmission mechanism. In this paper,
we take an open economy approach and study optimal monetary policy in a two-country model
of the currency union with nominal rigidities and financial imperfections. Distinguishing features
of our model are asymmetric net wealth positions across member countries in the currency union,
incomplete risk-sharing within the union, and a spread between borrowing and deposit interest rates.

In analyzing optimal monetary policy in a currency union with such features, we are especially
motivated by imbalances in net asset positions among Euro Area countries (as is evident from Table
1 below which presents Net International Investment Position as a ratio of GDP for selected Euro
Area Countries) coupled with recent developments such as the financial crisis and the rapid increase
in interest rate spreads during the crisis (as is evident from Figure 1 below which presents the excess
returns on the 10-year government bond of selected Euro Area countries over the 10-year German
Bund yield).?2 We believe that our theoretical results will help shed light on the normative policy

implications of these developments for the European Central Bank.

Table 1: Net International Investment Position as a ratio of GDP (%) in the Euro Area
Country 2007 2008 2009 2010
France -1.6  -12.2 -9.5  -10.6
Germany 285  23.6 35.8 37.8
Greece -103.4  -72.7 -89.5 -97.6

Ireland -21.0 -68.0 -101.3 -96.6
Italy -26.3 -22.8 -26.7 -24.7
Portugal -954 -909 -114.9 -109.1
Spain -83.9 -75.0 -954 -88.6

Source: IMF Balance of Payments data

Our currency union model is a standard two-country setup similar to Benigno (2004) where mo-
nopolistically competitive firms produce differentiated goods using labor and set prices at stochastic
intervals, as in Calvo (1983). The production function is subject to both an aggregate and a country-
specific productivity shock. Representative households in the two countries consume a bundle of the

home and foreign goods, provide labor to home firms, make borrowing and saving decisions, and

Important recent contributions to the literature include, among others, Christiano, Motto, and Rostagno (2009),
Curdia and Woodford (2009, 2010), Gertler and Karadi (2011), and Del Negro et al (2011). Well-known precursors
to this literature are Townsend (1979), Williamson (1987), Bernanke and Gertler (1989), Kiyotaki and Moore (1997),
Carlstrom and Fuerst (1997), Bernanke, Gertler, and Gilchrist (1999), and Kiyotaki and Moore (2008). Finally, Kiyotaki
and Gertler (2010) provide both a canonical model to study credit policies and a literature survey.

?For evidence on the crucial role played by credit spreads in U.S. business cycle fluctuations generally, see Gilchrist
and Zakrajsek (2012) and for the recent crisis specifically, see see Adrian, Colla, and Shin (2012).
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Figure 1: Interest rate spreads in the Euro Area (Source: OECD data)
receive profits from home firms and union-wide financial intermediaries.?

In this prototypical set-up, we allow for asymmetric initial and steady-state wealth position
across the countries, with one country a borrower and the other a saver.* We then add two sources
of financial imperfections. First, the only financial instrument that is traded across countries in
the currency union is a non-state contingent nominal bond that is in zero net supply. The lack of
a complete set of state-contingent securities that can be traded across countries thus means that
cross-country risk-sharing is incomplete within the union. Second, there are frictions in financial
intermediation that lead to a spread between the deposit and borrowing rates. To keep our set-up
tractable and easily comparable with the literature, we adopt the modelling framework of Curdia and
Woodford (2009, 2010) in introducing these frictions. Perfectly competitive financial intermediaries
that operate union-wide accept deposits and lend to households. Origination of loans is costly and
consumes real resources as a function of the real quantity of loans. This implies that the interest
rate spread varies endogenously as aggregate debt evolves in the economy. In addition, we also

allow for an exogenous loss rate of loans that varies over time. This then constitutes an aggregate

3For simplicity and to make clear our contributions to the literature on monetary policy in a currency union (in
particular, to highlight the role of financial frictions in isolation), the model abstracts from some potentially important
sources of ex-ante heterogeneity between member countries, for example, in preferences, shock processes, and the extent
of price stickiness. There is also no home bias in consumption.

4One country starts with positive wealth while the other starts with negative wealth (of the same amount). In the
non-stochastic steady state, the initial wealth positions will coincide with the steady-state ones: one country will have
positive wealth while the other will have negative. Moreover, for small enough shocks, in a first-order approximation,
which is the case we consider, the financial position of the countries will fluctuate around these non-stochastic steady
state values. Thus one country is a borrower while the other a saver over the business cycle as well in our model.



purely financial shock that affects the interest rate spread in our model. Importantly, variations in
interest rates and the spread affect both aggregate variables, by affecting aggregate demand, as well
as relative (cross-country) variables, by redistributing wealth over the business cycle between the
borrower and saver country.’

In this environment, our main contribution is to characterize optimal monetary policy of the
union-wide common central bank using a linear-quadratic approach, focussing in particular on the
role played by financial frictions. Following Woodford (2003), we derive a quadratic welfare-theoretic
loss-function of the central bank by taking a second-order approximation of an equally-weighted sum
of the household’s utilities in the two countries around an efficient non-stochastic steady-state.5 A
first-order approximation of the private sector’s optimality conditions as well as market-clearing
relations then represent the constraints faced by the central bank. We study this Ramsey problem
of minimizing the loss function subject to the constraints under commitment, where the policy
instrument is the deposit interest rate.

Our first set of results concerns the transmission mechanism of monetary policy. In our model,
nominal and financial frictions lead to two different, and in principle independent, channels of mon-
etary policy transmission. Consider first a version of our model with sticky prices but no initial
heterogeneity in wealth positions.” Then, monetary policy has real effects through the usual and
well-understood aggregate demand channel: monetary policy can affect the (ex-ante) real interest
rate under sticky prices, which enables it to manage the aggregate, union-wide output gap (the de-
viation of output from the efficient level). Moreover, in this case, monetary policy has no effect at
all on cross-country variables like relative prices, consumption, and debt.

Consider next a version of our model without sticky prices, but with financial frictions. Even with
flexible prices, monetary policy has real effects as it affects the wealth distribution of the economy.
The channel for this is the following. Note that in a first-order approximation of our model, one
country is always a borrower while the other is a saver. Moreover, the financial instrument that
the countries trade in our model is a nominal bond. Then, if the central bank changes the deposit
rate, and thereby inflation, it redistributes wealth between the countries.® This redistribution of
wealth naturally affects relative consumption and prices in the currency union. Under flexible prices,
monetary policy however, does not affect aggregate, union-wide output, which is determined solely

as a function of aggregate and country-specific productivity shocks.” While these mechanisms are

SWe use "relative" and "cross-country" interchangeably in the paper.

%Tn the non-stochastic steady state, there is no interest rate spread and moreover, the distortion due to monopolistic
competition is removed through a non-state-contingent sales tax. In addition, in the steady-state, we allow for lump-
sum transfers across the countries such that they have the same level of consumption, even though their initial (and
steady state) net asset positions are not the same.

"A model with complete markets would also yield similar insights.

8For an influential empirical study of the redistributive channel of monetary policy that operates through returns
on nominal bonds, see Doepke and Schneider (2006).

9Obviously, it is well understood that monetary policy does affect relative prices even under complete asset markets,
for example, when the degree of nominal rigidities is different across countries as in Benigno (2004). Moreover, under
different model environments, reshuffling of consumption and prices between countries could affect aggregate output,
which in turn further changes relative consumption and prices even under flexible prices. For simplicity and to highlight
the main role of nominal and financial frictions in isolation, we build our model in a way such that these feedback
channels are absent. Hence, monetary policy is neutral for cross-country variables in one special case (nominal frictions



in principle independent, in our general model with both frictions, there is a non-trivial interaction
between monetary policy, aggregate dynamics, and evolution of cross-country variables, which leads
to a very interesting optimal monetary policy problem. In particular, these interactions lead to
a more persistent effect of monetary policy on aggregate and relative variables, as well as a novel
trade-off for policy that we discuss below.

Our second set of results is related to the terms that appear in the welfare-theoretic quadratic loss
function, which illustrate the various distortions present in the model. As is standard in models with
staggered price setting, since inflation causes inefficient price dispersion across differentiated goods,
the loss function contains inflation of the two countries. It also contains the union-wide output gap.
Moreover, as Benigno (2004) has also shown, in a currency union since countries effectively have
a fixed exchange rate and prices are sticky, the relative price gap, the deviation of relative (cross-
country) prices from their efficient level, is also present in the loss function.!® The next two terms
are new to our set-up and arise because of financial imperfections. First, because of imperfect risk-
sharing between the countries, relative consumption appears in the loss function. Second, because
financial intermediation consumes real resources and the endogenous interest rate spread is a function
of aggregate debt, aggregate debt is also included in the loss function.

Our third set of results, which is the major focus of our paper, is regarding model dynamics under
optimal monetary policy and the policy trade-offs that the central bank faces. Before proceeding
to the general version of our model with both nominal and financial frictions, it is instructive to
consider the two special cases that we discussed before where only one of the two transmission
mechanisms is in operation at a time. In particular, for these two special cases, we provide analytical
characterization of optimal policy.

So consider first the well-understood case without any financial frictions but with sticky prices,
where the transmission mechanism operates through the aggregate demand channel. In this case,
the central bank can only affect aggregate output and inflation and not any other cross-country
variables. Thus, the central bank’s loss function only contains inflation and the output gap. Since,
our model does not feature inefficient supply shocks — such as markup shocks — or cross-country
heterogeneity in price stickiness, there is no trade-off in stabilizing inflation versus the output gap.
Optimal monetary policy then constitutes full stabilization of inflation, and thereby, of the output
gap. Such optimal policy however, does not attain the efficient outcome since in the presence of
country-specific productivity shocks, the relative price gap is not zero and is in fact outside the
control of the central bank.

Next, consider the case without any sticky prices but with financial frictions, where the transmis-
sion mechanism operates through the wealth redistribution channel. In this case, the central bank
cannot affect aggregate output but can affect cross-country variables. Thus, the central bank’s loss

function only contains relative consumption and debt.!' In the presence of the purely aggregate

only) while it is neutral for aggregate output in the other special case (financial frictions only).

0Note that it is possible to also rewrite these first four terms in the loss function in terms of union-wide inflation,
union-wide output gap, the relative price gap, and the first difference of relative prices.

"Under flexible prices, the central bank does not care about inflation and while the central bank does care about
relative price gap variation, there is a one-to-one relationship between relative consumption and relative price gap.



financial shock, the central bank faces a trade-off since it is not possible to simultaneously achieve
zero relative consumption and zero debt. This precludes optimal policy from attaining the efficient
outcome.'> When a positive financial shock hits and drives the interest rate spread upward, the
central bank optimally reduces the distributional inefficiency arising due to the wealth redistribution
from the borrower to the saver country by decreasing the deposit rate and driving down the borrow-
ing country’s debt. The central bank thus conducts a "leaning against the wind" policy. Finally, in
stark contrast to the case of sticky prices, inflation now responds to all shocks and in fact can be
quite volatile.

With results for the two specific cases established, it is easy to see that in our general model with
both nominal and financial frictions, a strict inflation targeting policy of setting union-wide inflation
to zero is not optimal and that optimal policy does not attain the efficient outcome. Our result is
thus in contrast with previous finding in Benigno (2004) that complete stabilization of union-wide
inflation is optimal when the economy has no inefficient supply shocks — such as markup shocks —
and no cross-country heterogeneity in price stickiness. Note that this new result does not emerge
because there is a trade-off between stabilizing aggregate inflation and output gap in our model.
Rather, it holds because the other terms in the loss function, such as relative price gap, relative
consumption, and aggregate debt are not generally independent of monetary policy due to financial
imperfections that lead to the wealth redistributive role of monetary policy. The central bank thus
has to optimally balance the variability of all the target variables, not just inflation and output gap.
Moreover, there will generally be a trade-off in mitigating aggregate vs. cross-country distortions.
For example, the central bank will not allow inflation to fluctuate as much to mitigate variations in
relative consumption when nominal frictions are present in addition to financial frictions.

With country-specific productivity shocks, which lead to a movement in the efficient level of
relative prices, the interaction of nominal and financial frictions lead to a novel trade-off for the
central bank in stabilizing relative consumption versus the relative price gap. This trade-off is in
addition to the one between relative consumption and debt that we discussed above. In the presence
of sticky prices and idiosyncratic productivity shocks, it is not possible to simultaneously achieve both
a zero relative consumption and a zero relative price gap. In the presence of financial frictions, the
central bank also cares about variation in relative consumption. Thus, the interaction of nominal
and financial frictions generates this new trade-off: if there were no financial imperfections, then
relative consumption and relative price gap would evolve independently of monetary policy, thereby
precluding any role of policy; while if prices were completely flexible, then there would be a one-to-one
relationship between relative consumption and relative price gap, thereby generating no trade-off for
policy. The most important consequence of this new trade-off is that in response to country-specific
productivity shocks, under optimal policy, the central bank allows for a higher variability in the
relative price gap compared to when there are no financial imperfections, as it now also cares about
the variability in relative consumption.

Finally, in our general model, we analyze optimal policy in response to the purely aggregate

financial shock that causes an increase in the interest rate spread. To counter this shock, the

12Note that debt and relative consumption do not respond to shocks other than the financial shock.



central bank strongly decreases the deposit interest rate, thereby mitigating the drop in output and
inflation that would otherwise occur. All other target variables, that is, relative price gap, relative
consumption, and aggregate debt, fluctuate in response to this shock as the shock redistributes wealth
between countries. In addition to decreasing aggregate fluctuations, the central bank’s lowering of
the deposit rate also optimally reduces the distributional inefficiency caused by wealth redistribution
as it mitigates the inefficient rise in relative consumption and prices.

As our final set of results, we provide a comparison of optimal policy with some simple instrument
rules such as a standard Taylor rule and a spread-adjusted Taylor rule. In most cases, the dynamics
look fairly similar between optimal policy and a simple Taylor rule, where the central bank adjusts
the deposit interest rate in response to only inflation and output, even though clearly there is more
variability of the terms in the loss-function under a Taylor rule. The biggest difference in model
dynamics between optimal policy and a simple Taylor rule is with respect to the aggregate purely
financial shock. Under a simple Taylor rule, in response to this shock, the central bank allows a
substantial drop in output and inflation, an outcome not observed under optimal policy. Moreover,
both relative consumption and price tend to deviate further away from their efficient levels due to
the wealth redistribution effect. It is precisely in this situation where a spread-adjusted Taylor rule,
in which the deposit rate also responds negatively to the interest rate spread, performs much better.
The main intuition for this result is that the interest rate spread affects the efficient rate of interest
in our model. Therefore, when the central bank reaction function includes the spread term, it helps
the real interest rate track the efficient rate of interest better and improve on aggregate outcomes.
In addition, a spread-adjusted Taylor rule leads to better distributional outcomes. By lowering the
deposit rate, the central bank can (partially) reverse the inefficient wealth redistribution caused by
an increase in the spread, and moderate inefficient variations in relative consumption and prices.

Related Literature

Our paper builds on several strands of the literature. The core of our model is very similar to the
prototypical sticky price two-country model of a currency union introduced in an important paper
by Benigno (2004), whose main focus is on the characterization of optimal monetary policy when
the degree of price stickiness is different across the countries. Benigno (2004) makes a judicious use
of parameter value for the intra-termporal elasticity of substitution between domestic and foreign
goods to replicate complete markets outcome and thereby, abstracts from imperfect risk-sharing in
the currency union. Our paper, while abstracting from cross-country heterogeneity in price stickiness,
explores fully the effects on optimal monetary policy of financial frictions that lead to imperfect risk-
sharing, a spread between lending and deposit interest rates, and a wealth redistributive role for
monetary policy. While doing so, we provide new results that are complementary to and extend
those of Benigno (2004).

Our paper is also clearly related to the growing literature that introduces financial frictions
in standard business cycle sticky price models. In particular, in modelling frictions in financial
intermediation that lead to interest rate spreads, we use the set-up provided in closed-economy
models by Curdia and Woodford (2009, 2010). Our analysis of the financial shock and the spread-

adjusted Taylor rule is also related to theirs. Our currency-union model however, provides new



insights into the welfare-theoretic loss-function of the central bank and the policy trade-offs that
it confronts.!® In particular, the trade-off between stabilizing the relative price gap and relative
consumption is new to our set-up.

In addition, we share with Erceg and Linde (2013), Faia (2007), and Gilchrist, Hairault, and
Kempf (2002), the goal of introducing financial frictions in sticky price currency union models. They
use financial frictions of the type pioneered by Bernanke and Gertler (1989) and specify a Taylor
rule to model monetary policy. Our paper introduces frictions in financial intermediation differently
and more importantly, studies its implications for the conduct of optimal monetary policy.

Finally, our paper has some common elements with the models of Benigno (2009), De Fiorre,
Teles, and Tristani (2011), and De Fiorre and Tristani (2011, 2012). In a two-country model with
incomplete markets, Benigno (2009) allows for asymmetric initial wealth positions and studies its
implications for welfare loss if the central bank were to pursue a strict inflation stabilization policy.
Benigno (2009) also emphasizes the role of monetary policy in generating valuation effects, that is,
affecting ex-post real returns on international assets.'* In a currency union setting we show that with
richer financial frictions, in particular, the presence of an exogenous financial shock and interest rate
spread, this wealth redistribution channel leads to a non-trivial optimal monetary policy problem.
We also clearly highlight how nominal and financial frictions channel interact to lead to new policy
effects and trade-offs.

De Fiorre, Teles, and Tristani (2011) analyze optimal monetary policy in a closed economy flexible
price model. In their model, monetary policy has real effects even under flexible prices because firms’
financing conditions are not contingent on aggregate shocks and given nominal assets, inflation has an
effect on the dynamics of leverage in the economy. One of the main goals of their paper is analyzing
how much of a deviation from the Friedman rule is optimal when a financial shock hits the economy.
De Fiorre and Tristani (2011, 2012) also present a closed-economy model with sticky prices where
monetary policy has real effects under flexible prices. They use a costly state verification framework
and show that monetary policy affects the cost of external finance even under flexible prices as long
as the debt contract is in nominal terms. In such a set up, De Fiorre and Tristani (2011) focus
on defining an appropriate natural rate of interest while De Fiorre and Tristani (2012) characterize
optimal monetary policy in a simplified version of the model. Compared to these papers, the financial
friction we use and the new monetary policy transmission mechanism we highlight is complementary,
but different. Moreover our currency union set-up help provide new results such as those related
to monetary policy trade-offs and optimal monetary policy response to country-specific productivity

shocks and an aggregate financial shock.

I3For recent surveys of the literature regarding optimal monetary policy in standard closed economy models, see
Woodford (2010) and in two-country models, see Corsetti, Dedola, and Leduc (2010).
“¥For an influential empirical study of valuation effects in an international context, see Gourinchas and Rey (2007).



2 Model

2.1 Households

The currency union consists of two countries indexed by j € {s,b} and country j is populated by
households of measure nj.15 The measure of total population is normalized to be one, and thus
ng + np = 1. Labor markets are segmented across countries: country-j household works for firms in
country j only. Firms in country j are indexed by i € Z;, where Z, = [0, 1] and Z), = (ns, 1].16

The representative household in country j has expected lifetime utility given by:
oo

o {z 5
t=0

where 3 is the discount factor; Cj; is country-j household’s consumption of the final good; and
N; (%) is her labor supply to firm 7 in country j. We define U (Cj¢) and V (N, 4(7)) as:

UG- | v<Nj,t<7;>>di”, (1)

J JI;

C' ™7 —1
1—-0

()
and V (Nj(i)) = M, (2)

U (Cje) = s

where o is the coefficient of relative risk aversion and ¢ is the inverse of the Frisch elasticity of the
labor supply.”

The household maximizes expected lifetime utility (1) subject to the flow budget constraint:

PG+ QY [Bftr +Q7 [Bft] = BJI',thl + ni /I Wi (0) N (1) di+ ni /Z Hﬁrms(i)di-i-ﬂim + BT 4,
J JI; J JI;

J J (3)
where P; is the price index of the final consumption good; W; (%) is the nominal wage rate that the
household receives from firm ¢ € Z;; Tj; is lump-sum transfers net of taxes from the government in
country j; Bj; is the quantity of one-period, nominal discount bonds purchased (issued) in period
t at the price of Q¢ = 1/R¢ (Q? = 1/R?) and maturing in period ¢ 4+ 1 which means the household
in period ¢ deposits Bf . > 0 at the gross deposit rate R¢ or borrows Bf . < 0 at the gross borrowing

rate R? (the superscript P indicates "private" deposit and borrowing); and
[BPT_ = max (BP,O) and [BP]_ = min (BP,O) .

Households in country j own equal shares of firms that belong to country j, and thus collect profits
Hﬁrms(i) /n; from firm ¢ in each period. Also, the representative household in country j receives
dividends II{" /n; from financial intermediaries who operate across the countries. The initial wealth

distribution is given and summarized as BY_; > Bf' | .18

15We use the notation s and b to denote "saver" and "borrower" since as we mentioned before, in our approximated
model, one country is always a saver while the other is always a borrower.

YMoreover, labor markets are firm-specific within a country, as in Woodford (2003).

'"Unlike Curdia and Woodford (2009), houschold utility from consumption U (C) and disutility from working
V (N (%)) are common between the households of the two countries.

8The same property holds in the non-stochastic steady state (i.e. B >0 > Bf). In principle, country s and



The household chooses consumption, bond holding, and labor supply, taking the price level, wage
rates, the interest rates, the government transfers net of taxes, and profits as given. The first order
conditions with respect to C;; and N, (i), after using (2) give:

Wii(4)

CorNei)? = =252, (@

which determines household labor supply for type ¢. Next, the first order conditions with respect to

B, after using (2), give the consumption Euler equations:

[ Ciwm1\ 7 ( P ]
1 =6RIE ( S ) ( > 5
PRy Er I Cit Pri1/ | (5)
for Bj’t>0and i _
Citr1\ * [ B
o (5 (2 6
o) B ©

for B;; < 0.

As can be seen from (3), the model’s financial imperfection stems from two sources. First, the
currency union does not trade state-contingent securities. The only financial instrument available to
hedge income risks over the currency union is the one-period nominal bond. The presence of the non-
contingent bond helps two countries smooth their consumption over time by allowing them to borrow
from and lend to each other against future incomes, albeit not perfectly. Another important source
of financial market imperfection apart from the absence of state-contingent securities is frictions
associated with financial intermediation that lead to a spread between R{ and R?. We discuss this

next.

2.2 Financial intermediation

Employing the modeling strategy of Curdia and Woodford (2009 and 2010), who build on Goodfriend
and McCallum (2007), there exist financial intermediaries through which countries trade one-period
nominal bonds (or households deposit with the financial intermediaries and borrow from the finan-
cial intermediaries). There are an infinitely many identical financial intermediaries of measure 1 that
operate union-wide. Moreover, financial intermediation is perfectly competitive. Financial interme-
diation is however, not efficient in the sense that the borrowers pay a spread above the interest rate
received by the lenders.

Financial intermediation uses up real resources in our model, resources that are produced and
consumed in the same period in which the loans are made. In particular, loan origination of quantity
by = By/P; takes up real resources given by the function = (b;). Here, the function = (b;) is non-

decreasing and (at least weakly) convex in by (2, > 0; Zp, > 0). This leads to an endogenous

country b can be either a saver or a borrower depending on realizations of economic shocks. However, to the extent
that the gap, |Bf - 35’7 is sufficiently large and/or the magnitude of shocks is sufficiently small, country s and b will
always be "saver" and "borrower" respectively in a neighborhood around the steady state over the business cycle.

10



movement in the interest rate spread as aggregate debt evolves in the economy. In addition, we
assume that = (l_v) = 0 and 5 (5) = (0, which implies both that no real resources are lost in steady
state and that variation in resource loss are at most second order.”

We also allow for exogenous variation in the interest rate spread following Curdia and Woodford
(2009 and 2010). We model this by assuming that in order to originate a quantity of loans b; that
will be repaid in the following period, it is necessary for an intermediary to also make a quantity
x:b: of loans that will not be repaid. Here, the loss rate y; is an exogenously varying nonnegative
quantity, which constitutes an aggregate purely financial shock in our model. For simplicity, we treat
these opportunities for fraud as being distributed equally across all households, who take advantage
of such opportunities to the extent that they come up. Moreover, these earnings from fraud are
treated as lump-sum income by those households and in addition, are independent of the quantity
of repayable loans that the same household may take out. Financial intermediaries are unable to
distinguish the borrowers who will default from those who will repay, and so must offer loans to both
on the same terms. At the same time however, they are able to accurately predict the fraction of
loans that will not be repaid as a function of a given scale of their lending activity.

Financial intermediaries collect the largest amount of deposits that can be repaid from the pro-
ceeds of loans that they originate. Then, for aggregate deposits D; and aggregate borrowing By, the
condition Dy = By or

dy = b, (7)

holds where d; = D;/P, and by = B;/P;. Note that (7) also serves as the clearing condition for

borrowing and lending across countries.
. d Rb
To see how the credit spread, w; = g—fg = R—%,
financial intermediaries’ problem. Given perfect competition, the intermediaries takes Q¢ and Q? as
rrint

. - . i
given and choose b; to maximize their profits, -

is determined in equilibrium, we consider the

ﬁint _ _
]_it = tddt - ngt - Q?tht = (bt) = (Qf - Q?) by — Q?tht = (bt) .

Since E (b) is (weakly) convex, the first-order condition then gives that the equilibrium credit spread

is implicitly determined as a function of a quantity of borrowing b; as:

Q= (1+x1) Q) +Zp (by) -

This equation has the usual interpretation: competitive, profit maximizing financial intermediaries
continue to originate loans until marginal revenue from increased origination is equal to marginal
cost. The actual distribution to households IT* in the budget constraint (3) includes their earnings

from fraud and thus:

Hint ﬁint _
;,t = ]ét + Qb = (Qf - Q?) b — = (be) -

Note that the net credit spread (1 —wy) is not zero in general in the small neighborhood of the steady

Y9For any variable Z;, we let Z be the steady state level.
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state (in the presence of shocks) though, as we emphasize later, we assume that it is zero in the
steady state (Y = 0 and Q% = QY).

2.3 Firms

The final consumption good Y; is a CES aggregate of two intermediate goods, Y ; and Y}, produced
n
1 n=1\ 5—1
in each country Y; = ( > j nj'»’ th" , where 7 is the elasticity of substitution between the two
goods. The final consumption good is used as a numeraire and Y, and Y;; have measure ng and

ny respectively. The appropriate price index is found as the minimum value that should be paid for
1
one unit of the consumption good and is given by P, = (Z nJP1 77) . Given the demand for

the final consumption good Y; and the price levels P;; for j € {s,b} and P, the optimal demand

for the intermediate goods Yj; is the one that minimizes total expenditure, which is obtained as:

-
Yje=mn; (%t> Yi.
An intermediate good Yj; produced by country j is in turn a CES aggregate of a continuum

of individual goods {Yﬂ}t(i)}iezj that are produced by the firms in country j. We have that Y; =

6
1 _ -1 1
[(73]) ? ij Y,t(z)eeldz] , with the corresponding price index P;; = [ fI . 1(1)0di| . The

nj \ Pjt

P
optimal demand for Y; (i) is given by Yj (i) = = (P“(Z)) Yj:, Vi€ Z;. Combining the expres-

sions for Y;; and Yj.(i), we obtain a consolidated demand function that each individual firm ¢ of

iy (PO (BT e
Y%t('l/) = <Pj,t) Pt }/;f, Vi € Ij' (8)

country j faces:

Firm ¢ in each country is a monopolistically competitive producer and produces a differentiated

good Yj (%) using a constant returns to scale technology:
V(i) = AgA;jiNj (1), (9)

for i € Z; and j = {s, b}, where A; and A;; are union-wide and country-specific productivity shocks
respectively

We model nominal rigidity following Calvo (1983). Firms in the union adjust their prices with
probability 1 — « each period. A firm that re-optimizes at time ¢ chooses PJ,(i) to maximize its

expected discounted profit:

maxEtZa Qgtt+kﬂjﬂr,f (P3(0); Pjtgkes Prre, Wik (8), Yerk, vy Ajr)

P, (i)
v (Citie\ 7 ( P
Qusi = < o ) ( PM)

where
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and

Hﬁﬁs (P (); Pjoskes Prar Wy (9), Yigk, Avris Ajits)

= (1= )P} Y541(0) = Wy (i) (““”)
AvruAjitk

= (1—7)P}(i) (P;’t(i)>9 <Pﬂ%t+k> o Yir — Wi k(i) <Pﬁt(i))0 (Pj,t+k>_" Yook,

Ptk P Atk Ajrrr \ Pjirk

Note that the nominal marginal cost for firm i is W;4(¢)/A¢A;;. Since firms have a positive markup
(%), their output would be lower than the efficient level. In this paper, we abstract from this
inefficiency originating from imperfect competition in steady-state, by letting 7, a proportional tax
on sales of goods, to satisfy the condition (1—7) (%) = 1. The first-order condition that determines

price setting is then given by:

> P: i\ /P, -1 Pr (i W (i
B>t Quaeen NO) () | 0 Wk )y )
k=0

Pjiik Pk Pk PokAjikAirk

We focus on a symmetric equilibrium where firms that re-optimize at the same time within a country
choose a common price in equilibrium: Pj*t(z) = P;jt. Thus, the price level in country j evolves

according to:

_1
Py = (1= )Py, + Pl (11)

1

(10) and (11), together with the price index P; = (Z] an;;") '™ determine the dynamics of the

price level for the union.

2.4 Government

The government budget constraint is:
n - 1 . N
PGy +Qf [Bfy] " + Q1 [Bfy] = Bfi 1 — BTy + Tn,/ P(0)Y; (1) di + PTR;, (12)
J Ij

where Bft denotes the net asset position of the government in country j. Note that government
debt is then given by —Bft. There are two potential sources of changes in government revenue in
our model: variations in lump-sum transfers T} ; and variations in sales tax revenues. In addition,
the government receives (or gives) non-state-contingent and non-time-varying international transfers
from (to) other countries TR; (with >, n;TR; = 0). While the presence of the international transfer
is not critical to the results, it simplifies our analysis by allowing a symmetric steady state value of
consumption across countries, as we will discuss in detail later.

We will assume that initial distribution of wealth across the governments, {ng’ Bg_l }, satisfies
the following property: if B£ > Bzf _4, then BSG’f1 > Bg_l. This simplifying assumption makes

the model tractable: if the representative household in a given country is initially in debt, so is its
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government (and hence the county as a whole). We also assume that government spending G ; is 0
throughout the paper.

2.5 Market clearing

The financial market clearing condition is given by (7), where d; = D;/P; and by = B;/P; and

P G P G P G P G
Dy = max {n,By; + ns By, By + By, ns By + mp By, By + ngBgy
: P G P G P G P G
By = —min {n By, + nsBg;, By, + ny By, ns By + ny By, my By + nsBe }

Note that D;, B; > 0.
The goods market clearing condition is obtained by aggregating the household and government
budget constraints, (3) and (12):

nsCst +mChy + 2 (b)) = Y3, (13)

which is also the union-wide resource constraint.

2.6 Equilibrium

We now characterize the private-sector equilibrium of our model. Before analyzing equilibrium in the
decentralized economy with nominal and financial frictions, we first establish a useful benchmark:
the efficient (first-best) allocation. It is useful to establish the efficient outcome for two main reasons:
first, we will be approximating our model around an efficient steady-state and second, we will show
that the quadratic, welfare-theoretic loss function of the union-wide central bank can be written as

a deviation of equilibrium from the efficient allocation.

2.6.1 Efficient allocation

As usual, the union’s efficient allocation can be described as the solution to a social planner’s problem:

0'_1 1+p Y 1+<p '
max n;w; | ————————
Z VRt [ 1—0o <At jt) / 1+SO ]

subject to the technological and resource constraints:

0

1
1 1 il B 6—1
nSC&t + anb’t = E n;] [(n) / Y%t(l) 991 d'l]
j J Zj

Note that the objective function already embeds the production technology of intermediate good

producing firms and {w;} denotes Pareto weights.
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First order conditions with respect to C; and Y} (i) are:

(-0 _
w]Cj’t =z and

D=
H\
<
s
—~
.
~—
)
| |
-
I
S
_ 1

(')
[ a2 o,

respectively, where z is a Lagrange multiplier. Note that the second equation implies that Y;.(4)

1 I+ . 11
@; <AtAj,t> Yju(i) = 2Y,"n}

should have a common value. Furthermore, it is easy to show that Yj (i) = nj_le,t. Simplifying the

first order conditions yields the efficient allocations in consumption and production across countries:
n(1+¢)

__n_
CRE _ o (%y and ¥, — Y (g) (z) % (As,t) e 20

- C’ft @ Ybﬁ = \m @y Apy
We can see that the first best allocations depend on how a social planner values each household

and thus, they are not unique. In other words, there is a continuum of efficient allocations, each
of which is a function of Pareto weights (ws, wp), which are arbitrary. An important case arises

when a social planner is a utilitarian (s = wp). The efficient level of aggregate output is then
[ (=1)(1+e) (7]1)(1+<P):| et

obtained as: Y, = Zj n;A; thne 4, e . While it is not necessary for our results,
we will focus on this case for simplicity. In particular, the market outcome (with no frictions) and the
steady-state equilibrium (with and without frictions) will coincide with the solution to a utilitarian
social planner’s problem. Moreover, we will later assume a utilitarian central bank that maximizes

the representative household’s utility with equal weight across countries.

2.6.2 Approximate equilibrium

We solve the model by log-linearizing the private-sector equilibrium conditions around a determinis-
tic, symmetric, efficient, and zero-inflation steady state.?! In particular, in the steady-state, we allow
for a proportional sales tax to remove the monopolistic distortion and a lump-sum transfer to ensure
that steady-state consumption is the same across countries, even though the countries start with
different net asset positions. Moreover, in the first-order approximation of our model, one country is
always a borrower while the other is a saver. This is so because in steady state, one country will have
positive wealth while the other will have negative. For small enough shocks then, in a first-order
approximation, the financial position of the countries will fluctuate around these steady state values
without changing whether the country is a borrower or a saver.

We provide a detailed derivation of the steady state equilibrium as well as the full system of log-

20For any variable Z;, we let ZZ be the level when the allocation is efficient. Moreover, throughout the paper, it is

convenient to use Zf (R stands for “Relative”) that denotes ZE = 21 , which represents the ratio of a given variable

between two countries.
21 These private-sector equilibrium conditions hold for any monetary policy. Given a description of monetary policy,
these conditions then fully characterize the model dynamics.
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linear equations in the appendix.?? Here we present a simplified system that contains the equations

required to characterize optimal monetary policy:

= BEimi41 + K (f/t - YtE> ) (14)

(BF = BF) = (BRy = BEY) + 98B | PRy — PLEY| + koG + pu, (15)
(Yt - YtE) = E; <Yt+1 - Yt—Ei-l) - % {Rf — By — Tf} ) (16)
CE=ECE, + %@t, (17)

l;t = Bili)t_l + )\BRf - B~ INB#, — 8- nsnb( -1) (PtR — PtR’E> — ﬁflnsanA'tR

+ (1 —np) AB&y — B ngny (n — 1) P/YF | and (18)
& = Ry — R = %4 + by, (19)

h _ (1—a)(1—apB) o+ — 1 = ( ) )\B = é = _13 i
where K = o 1+0p° Y= (1+5+H(1U+Tnf))a kC K o+ s v, 1B = ﬂ bby Mt 1S a

linear combination of exogenous shocks u; = <ﬁEt t +1 —(1+75) PR By P}EE) , and the efficient

level of output, relative prices, and the real interest rate are given by YtE Clri (nSAS t+ nbAbt =+ At) ,

PtR’E lljnfp (A&t — flb’t> , and 7”{3 = [J (Et?frl — XAQE ) — nbd}t} respectively.?? Note that unlike
standard sticky-price models without financial frictions, the efficient rate of real interest r¥ in our
model is generally endogenous as it depends on the interest rate spread w;. All the exogenous shocks
in the model are assumed to follow AR(1) processes.

(14) is the aggregate Phillips curve that is obtained by summing up the two country-specific
Phillips curves. It shows how aggregate inflation 7; depends critically on the aggregate output gap
Y, — }A/tE and expectations of future aggregate inflation. (15) is obtained by subtracting the Phillips
curve of country b from that of country s. It shows how the relative price gap ptR — PtR’E (i.e. the
deviation of relative prices from its efficient level) depends on relative consumption C’ﬁ and past and
expected future values of the price gap. Just like an increase in output gap leads to an increase in
inflation in the Phillips curve given by (14), (15) shows that an increase in relative consumption leads
to an increase in relative price gap. The intuition is also analogous. In a traditional Phillips curve

like (14), an increase in the output gap captures an increase in the economy’s average marginal cost,

22For x4, we define their deviation from a steady state as x: = log (14 x:) — log (1 + x) = log (1 + x:) . For those
variables that are lending or borrowing (b] & bjt, dt, b:), we define their deviation from a steady state relative to the

7, denote

steady state level of output. For example, by = b
percentage dev1at10n of Zy from its steady state: Zt log Z; — log Z. Accordingly, in the log-linear approxunatlon
Zt = log Z — log == =gt — Z;, +. For example, CF represents the consumption ratio between two countries and P
stands for the relatlve price between two countries: it is the terms of trade for country s and the inverse of the terms
of trade for country b.

23 The efficient rate of real interest 77 is the one that would prevail if output was at its efficient level. Similarly PtR’E
is the relative price that would prevail if relative output was at its efficient level.
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which leads to an increase in the price level. In (15), an increase in relative consumption reflects
an increase in relative marginal cost (through income effects), which in turn leads to an increase in
relative price.

These two equations constitute the supply bloc and clearly highlight the trade-offs that the central
bank faces in our model. First, note that from (14) it is clear that the central bank does not face a
trade-off in stabilizing aggregate inflation versus the aggregate output gap as there are no random
disturbance terms or other endogenous terms in the equation. This is because of the absence of
mark-up shocks and heterogeneity in price stickiness across countries. Second, note from (15) that
the central bank faces a novel trade-off in stabilizing relative consumption versus the relative price
gap as simultaneous stabilization of ptR — PtR’E and C’f is not feasible with idiosyncratic technology
shocks, which lead to a movement in p;. We will show that this new policy trade-off has an important
implication for optimal monetary policy.

(16) is the aggregate Euler equation that is obtained by summing up the two country-specific
household Euler equations. It shows how the aggregate output gap depends critically on the real
interest rate gap R — Eymyy1—rF (i.e. the deviation of the ex-ante real interest rate from its efficient
level) and expectations of future output gap. (17) is obtained by subtracting the two country-specific
household Euler equations and shows how relative consumption depends on the interest rate spread
and expectations of future relative consumption.

These two equations constitute the demand bloc and clearly highlight the role of financial frictions,
in particular of the interest rate spread, in driving aggregate dynamics of the model. First, note
from (16) that a positive movement in @; decreases the efficient level of the real interest rate, which
increases the real interest rate gap, and thereby, decreases the output gap. Second, note from (17)
that a positive movement in w; leads to an increase in relative consumption, as the increase in interest
rate spread hurts the borrower country by increasing the cost of borrowing.

Finally, (18) and (19) close the private-sector equilibrium part of the model by specifying how
the interest rate spread is determined in equilibrium. (19) shows that the interest rate spread can
move both for a purely exogenous (due to x; which constitutes a financial shock in our model) and
an endogenous (due to its dependence on aggregate debt b; in the economy) reason. (18) tracks the
evolution of aggregate debt and is obtained by integrating the two country-specific household and
government budget constraints and imposing bond market clearing. Since in our model country b
is always a borrower over the business cycle, aggregate debt is proportional to the sum of private
and public (net) debt in country b. (18) shows that variations in economic variables have expected
effects on the evolution of debt. First, unless net asset positions are symmetric ex-ante and in
steady-state (A® = 0) and hence no country is in debt initially, an increase in the interest rate fm’f
and/or the spread w; has a first-order effect on debt dynamics as the borrower country has to make
a higher interest payment.?* In addition, inflation lowers the real value of debt as the debt is in
nominal terms. Second, an increase in the relative price implies a decrease in relative production

(i.e. country b produces more relative to country s), which in turn decreases the amount of debt.

2 Note that the term nyAP&y captures dividends from financial intermediaries, which decreases the amount of debt.
However, the net effect of &; on debt is still positive as indicated by the coefficient (1 — ny) A%,
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Finally, a decrease in relative consumption (i.e. country b consumes more relative to country s) leads
to an increase in debt as the borrower country, ceteris paribus, would have to borrow more to finance

its consumption.

3 Monetary policy transmission mechanisms

Before moving on to analyzing optimal monetary policy, we first discuss the various channels through
which monetary policy affects real variables in our model. There are two channels of monetary policy
transmission mechanism in our set-up: a wealth redistribution channel and an aggregate demand
channel. The first arises due to financial imperfections, in particular due to market incompleteness
coupled with the asymmetry in ex-ante wealth positions across the two countries. The second arises
due to the usual and well-understood nominal rigidities friction. Since the wealth redistribution
channel is new to our paper, we discuss that first. In particular, since it is independent of sticky

prices, we discuss it in a special case of our model where prices are completely flexible.

3.1 Financial imperfections and the wealth redistribution channel

Consider the flexible-price equilibrium of our model which can be found by taking the limit xk — oo in
(14)-(19).25 This will change only the first two of the equilibrium conditions while the rest, (16)-(19),
are unchanged. First, (15) simplifies to:

ptR,F o ptR,E _ <1 +0m0> CA’tR’F, (20)
which indicates that, in contrast to the general case considered above, there would be no trade-off
in stabilizing relative consumption versus the relative price gap in the flexible-price limit. Second,
it can be seen from (14) that YtF = }A/;E . Thus, as in standard New Keynesian models, monetary
policy does not affect aggregate output under flexible prices. Moreover, there is no inefficiency at
the aggregate level, which reflects our assumption that resource cost of financial intermediation is
second-order.

While monetary policy is neutral for aggregate output under flexible price, it nevertheless still
has real effects since it can affect cross-country variables through wealth redistribution as can be
see in (18). In particular, since A? # 0 given the ex-ante heterogeneity in wealth positions across
countries, a change in the nominal interest rate and/or inflation will redistribute wealth from one
country to another as the asset traded across countries is a nominal bond. This will then affect
the dynamics of I;f and thereby, C'tR " and PtR’F. For example, the central bank’s lowering of the
deposit interest rate (or increasing of inflation) will redistribute wealth from the saver country to
the borrower country and decrease b, which in turn decreases C’f F and PtR’F. Note that for this
channel to be at work, while A® # 0 is necessary, ng # 0 is not. The critical requirement for wealth

redistribution is therefore incomplete markets along with initial heterogeneity in wealth. In the case

ZFor any variable Z;, we let Zf be the first-order approximation of Z; under flexible prices.
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where @/ is endogenous due to 75 # 0, however, the effects on C’f " and PtR’F of changes in the

deposit rate get magnified. This is because a decrease in I;f leads to a decrease in the spread &},

which means that the cost of borrowing decreases by more now compared to the case where ng = 0.

3.2 Nominal frictions and the aggregate demand channel

Next, consider the second transmission mechanism of monetary policy in our model, which arises due
to nominal rigidities. Under sticky prices, as is standard, monetary policy affects aggregate variables,
in particular aggregate output, in our model. To separate out this aggregate transmission mechanism
from the wealth redistribution channel considered above under flexible prices, consider a special case
of sticky prices but no initial heterogeneity in wealth (A\® = 0). This effectively eliminates the
redistributive role of monetary policy that arises due to financial imperfections, even though asset
markets are still incomplete and there exists an interest rate spread. In this case, from (14)-(19), we

see that the following system determines {C’ﬁ, ]StR, bt} as a function of x; and PtR’E only:

ptR = 'th]il +BE; [pt]—%i-l} =+ Fﬂcéﬁ +(1=y(1+5)) ptR,E7
X R 1/ .
cft = Et[cﬁl] + p <Xt + 77Bbt> , and

by = ﬁ_ll;t_l — B ngny (n—1) PtR — B_lnsnbéf.

The cross-country distributions of quantities and prices {C’f’,ﬁtp‘, bt} are completely independent
of aggregate variables and therefore, of monetary policy. Nevertheless monetary policy still affects
aggregate output. This transmission mechanism is captured by (16) which shows how by affecting
the ex-ante real interest rate Rgl — FEymiq1, the central bank can affect the aggregate output gap.
Under sticky prices (and unlike the case above with flexible prices), monetary policy can affect

Rf — Eymi41 because Eymyyq is endogenously determined in the model as shown by (14).

3.3 Interactions of the two channels

In general, with both nominal and financial imperfections, these two transmission mechanisms in-
teract and there are non-trivial interactions between aggregate dynamics, monetary policy, and
cross-country distribution of prices and quantities in our model. In particular, the two mechanisms
reinforce each other in a way such that monetary policy has a bigger and more persistent effect
on aggregate output and cross-country variables. For example, consider an expansionary monetary
policy shock. With respect to the effect on aggregate output, the wealth redistribution channel re-
inforces the aggregate demand channel by decreasing the amount of debt. A decrease in debt lowers
the interest rate spread, which in turn plays a role of a positive aggregate demand shock and thereby
increases aggregate output even further. Moreover, since the dynamics of debt is persistent, even
if a monetary policy shock is purely transitory, it can affect aggregate output in a persistent man-
ner. Finally, the interaction also implies that the dynamics of relative prices and consumption also

become more persistent. This is primarily because the two frictions independently introduce addi-
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tional state variables in the model, thereby generating endogenous persistence. In particular, sticky
prices introduce relative prices, while financial imperfections introduce debt as an endogenous state
variable.?® Under sticky prices, inflation is also naturally persistent, which further imparts complex
dynamics. As a simple illustration of these interaction effects, we show the impulse responses to an
expansionary monetary policy shock in the appendix in Figure 10. In particular, to highlight how
such interactions increase aggregate persistence, we posit a simple Taylor rule with no interest rate
smoothing term and with i.i.d. shocks.?”

In addition, this interaction of the two transmission mechanisms gives rise to a novel trade-off
in our model for the central bank in stabilizing relative consumption versus the relative price gap,
as given by (15). Without both these mechanisms at work this policy trade-off would not exist: if
we shut down the wealth redistribution channel by setting A® = 0, then relative consumption and
the relative price gap would evolve independently of monetary policy, thereby precluding any role
of policy; while if we shut down the aggregate demand channel by assuming no nominal rigidities
(k = 00), then since f’tR’F - PtR’E = ( c )C’f’F, the central bank would not face a trade-off

1+ne
e . ARF SRF  pHRE
between stabilizing CtR " versus PtR’ — PtR’ .

The fact that the interaction of two channels allows the central bank to influence forcefully both
aggregate dynamics and the cross-country distribution and that a new policy trade-off arises as a
result leads to a very non-trivial optimal monetary policy problem in our general model. We explore

this in detail next.

4 Optimal monetary policy

We now analyze optimal monetary policy in our model, focussing in particular on the role played
by the interaction of imbalances in net asset positions across countries with various financial im-
perfections introduced in our model — such as imperfect risk-sharing due to incomplete markets and
endogenous and exogenous variations in the interest rate spread. We use a linear-quadratic approach,
following Woodford (2003), and derive a quadratic welfare-theoretic loss-function of the central bank
by taking a second-order approximation of an equally-weighted sum of the two household’s utilities
around the efficient non-stochastic steady-state that we discussed above. A first-order approximation
of the private sector equilibrium conditions then represent the constraints faced by the central bank.
We study this Ramsey problem of minimizing the loss function subject to the constraints under

commitment, where the monetary policy instrument is the deposit rate Rf

4.1 Welfare-theoretic loss function

The welfare-theoretic loss function of the union-wide central bank is established in the following

proposition:

*Due to nominal rigidities, relative price depends on its lagged value, as can be seen by comparing (15) to (20).
2TThe calibration of the model, as well as more analysis with a Taylor rule, is presented in detail later in the paper.
Here the Figure is presented for illustrative purposes only.
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Proposition 1 The discounted sum of the utilities of households is given by:

> 1 o UcY & .

Zﬁt Z n; S U(Cjy) — w /I V (N;(2))di p = - ZBtLt +tip. + O (JI€]?),

t=0 Jj=s,b J t=0

where
N2 . . 2 N2 .
Le = ¢only+ duniy+ oy (Vi— V) +op (B = PIF) 00 (CF) +esl?,  (21)
0 (o + 0 (o + =
s = ns(ﬂ(p); oy = nb(ﬁ(P)S ¢y =0 +¢; op =nsmen (1 +n¢); ¢c = nsnpo; ¢p = Ew,

t.i.p stands for the terms independent of monetary policy, and O (H§H3) denotes all relevant terms

that are of third or higher order.

Proof. In appendix. =

The terms in the loss function clearly indicate the various distortions and inefficiencies that are
present in our model. As is well-known, since sticky-prices cause inefficient dispersion in prices and
in production of goods at the micro-level, inflation of the two countries, 7,; and m;, appear in
the loss function. Moreover, sticky prices cause inefficiency at the aggregate-level as well and hence
the output gap Y, — YtE , the gap between output and its efficient level, is also present in the loss
function. These terms are standard when compared to the literature on closed-economy models,
such as the one explained in detail in Woodford (2003). In addition, in a currency union, since the
countries face effectively a fixed exchange rate, sticky prices also cause a cross-country distortion,

E s present in the loss function.?® This was shown first

and hence the relative price gap PtR — PtR’
in Benigno (2004). The remaining two terms appearing in the loss function are related to financial
imperfections in our model. First, since we allow for trade in only non-state contingent bond, there
is imperfect risk-sharing across countries. Therefore, the relative consumption term C’ﬁ captures
this inefficiency at the cross-country level. Closed economy or two-country models with incomplete
markets in the literature, such as Curdia and Woodford (2009), Benigno (2009), and De Fiorre and
Tristani (2012), also feature a similar term in their welfare-theoretic loss functions. Finally, since
financial intermediation consumes real resources in our model and the interest rate spread depends
endogenously on aggregate debt, there is also aggregate debt by in the loss-function, which captures
the aggregate inefficiency caused by financial frictions.?’

Because the loss function we derived above is micro-founded, the weights on the various terms

are economically meaningful and are functions of the structural parameters. As is standard, the

28In a two-country model with flexible exchange rates and staggered sticky prices, where firms set prices in their
country’s currency (producer currency pricing), such a distortion is not as relative prices adjust due to exchange rate
adjustment, as shown by Clarida, Gali, and Gertler (2002). Even in a two-country model with flexible exchange rates,
when firms set prices in the importing country’s currency (local currency pricing) however, a similar distortion is present
as relative prices do not adjust optimally to shocks, as shown in an important recent paper by Engel (2011).

2Note that we have a quadratic term in aggregate debt in the loss function, which is different from Curdia and
Woodford (2009). While our set-up is very similar to Curdia and Woodford (2009), which term representing debt ap-
pears in the loss-function is different. This is because we make slightly different assumptions on steady-state elasticities
related to the financial intermediation process.
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weights on the two inflation terms, ¢s and ¢, depends critically on the extent of price-stickiness

(1-a)(1—ap) o+
« 1+60p

the elasticity of substitution across varieties 0, because this determines how relative price dispersion

(or the slope of the Phillips curves) as captured by xk =

. Moreover, they depend on

across varieties due to inflation translates into relative production dispersion across varieties. Note

that 0 also appears while interacted with the elasticity of labor supply ¢ as ¢; = ns%

i = s,b. This is because households dislike the labor misallocation across varieties more when the

for

disutility of supplying labor has a bigger curvature (a larger ¢). The interaction term 6y therefore,
disappears when household has a linear disutility (¢ = 0). Moreover, even if ¢ # 0, the interaction
term 0 would also be dropped from 6 (1 4 6¢) if labor markets were not firm-specific in each country:
that is, each member country has a common country-wide labor market. Next, the weight on output
gap depends on the intertemporal elasticity of substitution of consumption ¢ and the elasticity of
labor supply ¢, as these preference parameters determine how households value consumption and
leisure.

For the relative price gap, the intra-temporal elasticity of substitution appears in the weight
because it determines the extent of distortion in relative output and thereby, in relative labor for
a given fluctuation in relative prices. Moreover, we can again see that there is an interaction term
ny in ¢p. This is because households dislike this labor misallocation across countries more when
the disutility of supplying labor has a bigger curvature (a larger ¢). The interaction term therefore,
disappears when household has a linear disutility (¢ = 0), in which case, ¢p is simply given by ngnyn.
This result implies that the elasticity of labor supply may have an important policy implication
especially when there is a trade-off between relative price stabilization and other policy objectives
(such as relative consumption stabilization in our model). Again, even if ¢ # 0, the interaction term
ng would also be dropped from 7 (1 + ny) if labor markets were not segmented across countries:
that is, the economy has a common union-wide labor market. Next, the coefficient of relative risk
aversion ¢ matters critically for the weight on relative consumption since it governs the extent of
consumption-smoothing preferences of households. Finally, as is natural, the weight on aggregate
debt depends on the steady-state elasticity of the spread with respect to debt.

We next establish a result regarding comparative statics of the weights that we discussed above

with respect to various important structural parameters.

Proposition 2 Inflation stabilization becomes more important relative to the other policy objectives
¢

as the degree of price stickiness and/or the elasticity of substitution increase: ga) >0 and

o(2)

—g5~ >0 forj=s,bandi =Y, P,C, and B. Moreover, relative price stabilization becomes relatively
more important as the elasticity of substitution between country s and country b goods increases:

o)

—an > 0 fori = s,0,Y,C, and B. Finally, relative consumption stabilization becomes relatively

o(%)

more important as the coefficient of relative risk aversion increases: —z*~ >0 fori = s,b,Y, P, and
B.

Proof. In appendix. m
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The comparative static results above are all intuitive. The weights on inflation increase when
the extent of price stickiness increases as well as when the elasticity of substitution across varieties

2(5)

increases as both lead to a greater dispersion of production across varieties. Next, o > 0 because,

when 7 is larger, the relative price distortion leads to a bigger distortion in relative output, which
in turn affects negatively households’ welfare as it allocates labor hours inefficiently across countries
( ¢c
(i.e. not justified by variations in Ag and Ap). Finally, % > 0 as it implies a greater preference
for consumption-smoothing by households.
We conclude this subsection with a final observation that the loss function (21) can also be written

as

Ly = ¢7r77t2 + oy (f/t - }A/tE>2 + ngnpdr (APtR)2 +op (PtR - PtR’E)z + ¢c (étR)2 + ¢Bi3%a (22)

9(0?0) . This alternative representation will be useful for our analysis below as it naturally

where ¢, =
partitions the terms in the loss function into the two aggregate (and conventional) target variables

{m, f/t} and the three distributional target variables {PtR, C’ﬁ, I;t}

4.2 Optimal policy under commitment

In general, we characterize the dynamics of the model under optimal policy numerically, using the
method of Sims (2000). In this case, we use the general loss function (21) (or (22)) and characterize
the Ramsey problem of the central bank as choosing the target variables in the loss function and the
policy instrument R¢ to minimize $Eo Y12, B'Ly, subject to (14)-(19). The optimality conditions of
this problem are contained in the appendix. We later also compare model responses under optimal
policy to those under two simple interest rate rules: a standard Taylor rule and a spread-adjusted
Taylor rule. For the standard Taylor rule, we use the specification Rf = &,m + ®yy;, while for the
spread-adjusted Taylor rule, we use the specification Rf =& 1+ Pyyr — Py

Before presenting the results of the general model, we first analyze the two special cases that we
discussed above to illustrate in isolation the role of each channel. For these two cases, analytical
results are available and the fact that monetary policy is neutral for cross-country variables in one
special case (with the aggregate demand channel only) while it is neutral for aggregate output in
the other special case (with the wealth redistribution channel only) allows us to clearly show the
implications of the two types of frictions for optimal monetary policy. These also serve as useful

reference points for the more general environment where the two mechanisms interact.

4.2.1 Special cases

Nominal frictions and the aggregate demand channel We first consider a special case of our
model where only the aggregate demand transmission mechanism is in operation because the relevant
friction for policy is sticky prices. In particular, we neutralize the effect of financial imperfections
by setting A® = 0 so that countries are ex-ante symmetric in net asset positions and imposing

np = 0 so that the interest rate spread is purely exogenous. As discussed above, the latter condition
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(ng = 0) is not required to shut down the wealth redistribution channel and thus not necessary for
our analytical result below. It nevertheless makes this particular version of our model similar to
the standard framework often considered in the open economy literature, for example in Obstfeld
and Rogoff (1996) and Corsetti and Pesenti (2001), where countries frictionlessly trade in a non-
state contingent bond and there is no initial heterogeneity in net foreign asset positions. It thereby
allows us to make a straightforward comparison to the literature.3? This will also provide a useful
benchmark as later, we can clearly see implications of redistributive role of monetary policy and
endogenous variations in interest rate spread and financial shocks. In what follows we refer to this

case as “NoFF” (for No Financial Frictions).3! We summarize our results in the proposition below.

Proposition 3 Under “NoFF,” the cross-country distributions of quantities and prices {C’ﬁ, lf’tR, Et}

are determined independently from monetary policy, and (22) simplifies to:
2 ¥ B 2
Ly = der? + oy (Vi - V)

Moreover, the optimal policy is to set my = 0 and thereby, Y, — f/tE = 0, for all t. Optimal policy

however, does not achieve the efficient outcome.

Proof. In appendix. m

With only nominal frictions, as we showed before, the cross-country variables are independent
of monetary policy.??> Thus, it is easy to see that (22) simplifies to contain only the two aggregate
target variables, 7, and Y; — ?}E . Moreover, since there is no trade-off in stabilizing m; vs. Y; — ?}E (as
given by (14)), it is clear that optimal policy sets m; = 0 and thereby, Y, — YtE = 0, for all ¢. In
our model, therefore, if sticky prices are the only relevant friction, then complete stabilization of
union-wide inflation is optimal. This optimal policy, however, does not achieve first-best because in
the presence of country-specific productivity shocks, all the other cross-country target variables are

not zero and are in fact outside the control of the central bank.

Financial imperfections and the wealth redistribution channel Consider the other special
case of our model where only the wealth redistribution transmission mechanism is in operation
because the relevant friction for policy is financial imperfections combined with initial asymmetry in
wealth positions. That is, this is the case where prices are completely flexible, K — 00.?® In what
follows we refer to this case as “NoNF” (for No Nominal Frictions). We summarize our results in

the proposition below.

30Tn addition, endogenous variations in the interest rate spread amplify the wealth redistribution effect. Therefore,
making the interest spread purely exogenous in this benchmark case will enable us to see more clearly the difference
the new channel generates.

31 Once again, to be perfectly clear, this special case still features financial imperfections since markets are incomplete.
As discussed however, the frictions become irrelevant for optimal monetary policy in this case, and hence the name.

32Benigno (2004) considered effectively complete asset markets, in which case CE = 0 and {YtR,PtR,ﬁf} are

independent from monetary policy. Here we show that when the economy has only risk-free bonds, the same result
holds only in the limiting case, NoFF.

33 As we mentioned before, in a different set-up with financial frictions, De Fiorre, Teles, and Tristani (2011) also
analyze optimal monetary policy under flexible prices.
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Proposition 4 Under “NoNF,” aggregate output is determined independently from monetary policy,
and (22) simplifies to:

Ly = ¢c (@R’FY + ¢B (1;f>2,

- 2
where o = <¢p (ﬁ) + gbo). Moreover, under optimal policy, the solution for the target vari-

ables is given as:

b = bl | —91% and
P = 99l | + V3%,

where v € (0,1) and ¥; > 0 for j = 1,2, and 3. Optimal policy however, does not achieve the

efficient outcome.

Proof. In appendix. =

With only financial frictions, as we showed before, f@F = }A/tE . Moreover, since kK — o0, ¢ — 0. In
addition, as discussed earlier and can be seen from (20), the central bank does not face a trade-off
between stabilizing the relative price gap and relative consumption. Thus, it is easy to see that
(22) simplifies to contain only C’f  and Bf .

In this case, the central bank will seek to minimize the loss function subject to the sequence of

constraints given by (17), which can be rewritten as:

A A B3 1.
R = B, 4 %bf + X (23)

The other variables, in turn, will be determined residually for a given optimal time path of C’tR and
by. It is worth stressing the similarities between this problem and the one in the previous special
case of only sticky prices (or in standard New Keynesian models). First, note that (23) looks
remarkably similar to the standard Phiilips curve (14) that acts as a constraint in the optimal policy
problem under sticky prices. Just like the slope of the Phillips curve, x, captures the extent of
the conventional trade-off (if any) between the two target variables, inflation and output gap, %5’
captures the degree of trade-off between stabilizing relative consumption and debt. Moreover, it
is time variation in Y, an inefficient demand-type shock, that generates a trade-off for the central
bank by making it impossible to attain simultaneously zero C’f " and l;f , thereby precluding optimal
monetary policy from reaching the efficient outcome. The role of x; is therefore reminiscent of that
of inefficient supply-type shocks, such as variation in mark-up, in a prototypical optimal monetary
policy problem.?? As a result, the optimal responses of C’f " and Bf to a change in x; will be similar
to those of inflation and output gap to a change in mark-up in the conventional set-up. This can be

seen clearly from the resulting “targeting rule” which is given as:

~ A o ~ RS ~ qa
GoCf =~ b — 57| = —oB [B — 57 (24)

34 Note again that for simplicity, we do not consider markup shocks.
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This targeting rule has an analogous interpretation to the usual case in the sticky price model and
shows that the optimizing central bank conducts a “leaning against the wind” policy. Suppose a
positive financial shock hits and drives the interest rate spread upward. This generates an inefficient
wealth redistribution from the borrower to the saver country and forces the latter to consume more
relative to the former (i.e. increases C’f F) The optimizing central bank will dampen the rise in
CA’tR " and thus mitigate the distributional inefficiency by driving lower the debt of the borrower
country up to the point where condition (24) is satisfied.?>

Our closed-form solutions for the target variables in Proposition 4 also make the same point.
Relative consumption and debt respond only to the aggregate financial shock y; and not to the
aggregate and idiosyncratic technology shocks. This is again because there would be no trade-off in
stabilizing C‘ﬁ vs. by if financial shocks were not hitting the economy, as can be seen in (23). In
addition, under optimal policy, by decreases while C’ﬁ increases in response to the financial shock.
Once again, this result is consistent with our discussion of the central bank conducting a “leaning
against the wind” policy. In contrast to the previous special case with only nominal frictions (NoFF'),
inflation on the other hand will fluctuate over time responding to (all) shocks. Variation in inflation,
as mentioned above, incurs no welfare costs, and thus the central bank has no incentive to stabilize
inflation.36

In sum, when each of the frictions is considered in isolation, the central bank faces a single
policy trade-off in our model. In the first special case with nominal frictions only (NoFF'), we have
shown that the central bank balances the variability of m; and Y, — f/tE , although the absence of
inefficient supply shocks makes this conventional trade-off not relevant in our model. In the other
specific case (NoNF'), we have highlighted a new policy trade-off (C’f‘ vs. l;t) that results from
the introduction of the wealth redistribution channel as financial imperfections become relevant for
monetary policy. While these specific cases are instructive and the policy trade-offs in each specific
case will continue to be important, in our general model with financial and nominal frictions, both
the channels of monetary policy transmission will be at work, which will enable the central bank
to influence both aggregate and distributional variables simultaneously. Moreover, the interaction
of these two frictions creates additional policy trade-offs. For example, as we discussed before, a
novel trade-off in stabilizing Cf vs. P — PtR’E appears in the general model. In addition, there
will be a trade-off in mitigating aggregate inefficiency vs. distributional inefficiency. For instance,
the central bank will not allow the nominal interest rate (and hence inflation) to fluctuate as much
to mitigate variations in relative variables if nominal frictions are present in addition to financial
frictions. In general, there will be nontrivial interactions between aggregate dynamics (and hence
monetary policy) and cross-country distribution of prices and quantities. The central bank thus
has to optimally balance the variability of all the target variables that are present in (21). Since

analytical results are not available, we explore this general case numerically next.

35 The central bank can implement this by decreasing its policy instrument, RZ. We will illustrate this in the next
section numerically.

30Tn fact, under flexible prices, the inflation rate overall will move in the same direction as the nominal rate due to
the well-known “Fisher effect.”
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4.2.2 General case

We first present the parameterization of our general model and then show impulse responses under

optimal monetary policy and under simple rules.

Parameterization Our parameterization, as given in Table 2, is mostly standard except for a
few parameters. We pick the price stickiness parameter o to be 0.55 to match the evidence from
Dhyne et al (2006) that the monthly frequency of price changes in the Euro Area is 15.1%. We pick
)\bB = B — %1 o match the average net foreign asset-to-GDP ratio of Spain.?” The parameter

Y Y
nB = =/ implies a change in @&; associated with a unit change in b; while all other variables are

fixed. We estimate the long-run impact of a unit increase in the net foreign asset-to-GDP ratio on
the interest rate spread using a panel of the seven countries in Table 1 and set np to be consistent
with this estimate. It is non-trivial to estimate the process for x;. Instead, we fix p, to a large value
(0.9) in order to capture a persistent propagation of disruptions in the financial market throughout
the economy. A similar value is often used in the literature. We also fix the standard deviation of
Xt to the same value as our estimate of the standard deviation of the country-specific productivity
shocks. Our model implies that per-capita output is the sum of the area-wide and country-specific
productivity shocks that follow an AR(1) process. We build an empirical model for per-capita output
in the Euro Area that has the same shock structure and estimate the parameters. The details of the

estimation of np and the parameters of the productivity shock processes are in the appendix.

Table 2: Parameter values used in the numerical analysis

B 099 |ns=mn, 0.5 B 3.43 py 0.9 oy 0.01
o 1 0 6 ®, 15 pa 073 | oa 0.002
o 3 a 0.55 | ®, 0.125 pas 0.98 | oas 0.01
n 3 nB 011 | ®, 03,051 |pay 098 |04 001

Impulse responses under optimal policy We show impulses responses of various endogenous
variables to the four shocks impinging on the economy where we also plot the response of target (or
efficient) level of each variable.® To highlight policy implications of the financial imperfections in
our model, our general model (labeled “General”) is contrasted with its complete market counterpart
(labeled “Complete™). In addition, we also present impulse responses under NoFF.3? As mentioned
above, NoFF — where we eliminate the wealth redistribution channel — corresponds to the “frictionless
bond economy” often studied in the open economy literature and can also be considered as an
intermediate case between Complete and General. The purpose of presenting this special case is
to see how optimal monetary policy changes when the conventional aggregate demand channel is

supplemented by the wealth redistribution channel.

3"Note that A = —nyA\f. We chose Spain’s numbers because it is the median among the PIIGS countries.

38 The impulse responses are for a one-standard-deviation shock.

3To avoid cluttering the figures, we present impulse responses under no nominal frictions (“NoNF”) only for the
financial shock. We do so for two main reasons. First, in section 4.2.1 we showed that the target variables under NoNF
respond only to the financial shock. Second, under NoNF, the response of inflation tends to be so high that it makes
visualizing the response of inflation for other model variants very difficult.
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Aggregate productivity shock Figure 2 shows the response of endogenous variables to an
aggregate productivity shock. In our general model, complete stabilization of the union-wide inflation
is not optimal. This is in stark contrast with the case often considered in the literature, that of
complete markets (e.g. Benigno (2004)), where complete stabilization of union-wide inflation is
optimal under no heterogeneity in price stickiness across countries if the only disturbance hitting
the economy is an aggregate productivity shock. As discussed earlier, such strict inflation targeting
policy can be optimal even in our model where asset markets are incomplete — but only in the special
case, NoFF. The intuition for the general sub-optimality of strict inflation targeting is clear from
our earlier discussion. With the two transmission mechanism channels, the central bank can now
affect both aggregate and distributional dynamics. The central bank thus optimally balances the
variability of all the target variables that are present in (22), instead of closing the “gap” for output
and inflation only. Despite this difference, our numerical results suggest that financial imperfections
do not create a significant difference in the optimal response to a shock to aggregate productivity.
This is because this aggregate shock affects member countries almost symmetrically and thus raises
fairly little distributional concern for the central bank.*® Overall, our results imply that if the main
source of disturbance in the economy is an aggregate productivity shock, then conventional strict
inflation targeting policy may not be a bad approximation to fully optimal policy. Finally, Figure 2
also illustrates that while under complete markets, optimal policy (complete stabilization of inflation)

leads to an efficient outcome, in our general model, efficiency is not obtained.

Country-specific productivity shocks Financial imperfections matter more for monetary
policy when country-specific productivity shocks hit the economy. Figures 3 and 4 show the response
of endogenous variables to a productivity shock in the saver and borrower country respectively.
While the differences due to financial imperfections are still relatively small with respect to the two
aggregate target variables, output gap and inflation, they are more significant with respect to the

41 This finding may not be

two cross-country variables, relative consumption and relative prices.
surprising given our earlier discussion that country-specific productivity shocks are the main driver
that generate a new policy trade-off between relative consumption stabilization and relative price
gap stabilization. Note first that even under complete markets, as emphasized by Benigno (2004),
the optimal policy of complete stabilization of union-wide inflation does not achieve the efficient
outcome as the relative price gap is not zero. Most importantly, it is clear that, compared either to
the complete markets or the NoFF case, relative price deviates further away from its efficient level
in our general model. In other words, the central bank allows for less flexibility in relative price.
The reason for this important result is that the central bank — due to the new trade-off — optimally
balances the variability of relative consumption and relative price gap. Consider the case in which

the productivity of country s increases, which decreases the efficient level of relative price PtR’E. The

“"However, as can be seen from Figure 2, even aggregate productivity shocks have some distributional effects (albeit
not significant quantitatively) because an increase in A; generates deflation, which transfers wealth from country b to
country s. This in turn decreases relative consumption and price.

1For output gap and inflation, note that while there are some differences initially, after a couple of quarters, the
differences are not quantitatively relevant.
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optimizing central bank will then try to lower relative price PtR to mitigate the gap between PtR and
PtR’E. With the new policy trade-off however, the central bank will not lower ]StR (or equivalently raise
}A/tR) as much — as illustrated in the third row of Figures 3 — because otherwise relative consumption
would rise too much above its efficient level (Cf e 0).*? In addition, as extensively discussed in
Section 4.2.1, the central bank counteracts to an increase in relative consumption by driving lower
the debt of the borrower country. The insight obtained under the special case, NoNF, therefore still
applies in the general environment and to other types of shocks. In contrast, we do not observe this
pattern under NoFF (and Complete) as the central bank in that environment has no control over
either debt or relative consumption due to the absence of the wealth redistribution channel.

Figures 3 and 4 also reveal that while the response of the economy to an increase in A&t is
quite similar to that to an increase in Ab,t (with one being almost the mirror image of the other in
the case of the country-specific variables), they are not exactly the same. Interestingly, the biggest
discrepancy is observed in the responses of the aggregate variables such as output, inflation, and the
deposit interest rate. In particular, the first panels in the figures show that while /Als’t and AW affect
the efficient level of output )A/;E symmetrically, the responses of aggregate output are asymmetric:
output stays above the efficient level in the first two quarters after a positive shock to country s
while it is below the efficient level after a positive shock to country b. This result arises because of
the linkage between the aggregate variables and the relative variables generated by the imbalances
in net asset positions and financial frictions between member countries. In contrast, in the absence
of such a linkage — when a change in the interest rate and inflation have no redistributive role —
the responses of each of the aggregate variables will coincide after country-specific shocks, and the
responses of country-specific variables and debt to a shock in one country will exactly be a mirror
image of their counterparts in case of a shock in the other country. This is precisely what we see in
Figures 3 and 4 for the complete market and NoFF case.

To understand how the redistributive channel of monetary policy generates asymmetric optimal
responses, consider first the case in which a positive shock to Asﬂg is realized. Then, consumption
in country s increases relatively more than consumption in country b. The optimizing central bank,
as discussed above, will conduct the “leaning against the wind” policy: it will try to reduce the
consumption gap by lowering the deposit rate and raising inflation (as shown in the second and last
panels in Figure 3), thereby decreasing the value of debt, which in turn, leads the aggregate output
to respond more than its efficient level. For the same reason, the central bank raises the deposit rate
and decreases inflation in response to an increase in Ab’t, which in turn leads to a smaller increase
in output relative to the output gap. The only difference is that the central bank in the former case
adjusts the deposit rate and inflation by a smaller amount. The intuition is straightforward. An
increase in productivity at any levels (A&t, Abﬂj, or At) is deflationary (see also Figure 2). Thus,
it is generally more costly for the central bank to raise overall inflation in response to a positive
productivity shock. More specifically, after an increase in As,t, the central bank wishes to decrease

1557t (and thus 7s+), given a corresponding decline in the efficient level of PsEt (and hence ptR’E). But

42Gimilar mechanisms are at work while considering a positive shock to the productivity of country b, as illustrated
in the third row of Figure 4.
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at the same time, as discussed above, the central bank has an incentive to raise the overall price
level. Therefore, on balance, the central bank would decrease Psﬂt (and thus 7¢) less and at the
same time increase m; less than it otherwise would. Therefore, the responses of inflation, deposit

rate, and output are more dampened in response to a change in As,t than to a change in Abjt.

Aggregate financial shock Figure 5 shows the response of endogenous variables to a financial
shock that causes an increase in the interest rate spread. Here we also present impulse responses
under NoNF. This financial disturbance appears to give the most significant challenge to the central
bank, as overall, the variables in the central bank’s loss function deviate from their respective target
levels by a larger degree relative to the other shocks.*3

A financial shock in general generates both aggregate and distributional inefficiencies. An increase
in the spread works as a negative aggregate demand shock, exerting a contractionary pressure on
aggregate output and inflation — as discussed earlier and as can be seen from (16). Therefore, under
optimal policy, the central bank decreases the policy rate to mitigate the adverse effects on inflation
and the output gap that the increase in interest rate spread would cause otherwise. Our numerical
results indicates that optimal policy maintains inflation and output close to their respective target
levels, which is not surprising given the large weight attached to inflation stabilization relative to
the other policy objectives in (22).** In addition, the central bank’s lowering of the deposit rate
optimally reduces the distributional inefficiency caused by wealth redistribution — which is once
again an illustration of the “leaning against the wind” policy discussed in Section 4.2.1. Since an
increase in the spread redistributes wealth in favor of the saver country, relative consumption tends
to increase. This in turn raises the marginal cost in the saver country relative to the borrower country
through income effects, which increases the relative price. By lowering the deposit rate, which also
leads to inflation, the central bank can counter such inefficient wealth redistribution, and thereby
moderate inefficient variations in relative consumption and prices. In contrast to the general case,
variations in relative consumption and price are more pronounced under NoFF, as then the central
bank does not (and cannot) control cross-country distributions, and thus focuses entirely on the two
aggregate target variables.

Put differently, the results in our general model, perhaps not surprisingly, are a mixture of
the two polar cases studied analytically above. The optimal response of inflation after a financial
shock in our general model resembles that under NoFF (where the central bank focuses exclusively
on inflation stabilization), while the general case is quite close to NoNF (where the central bank
focuses exclusively on cross-country distributions) with respect to the dynamics of the cross-country
variables, such as relative consumption, relative prices, and debt. In this sense, one can think of
coarsely approximating the optimal policy of the general model in response to the financial shock

by combining the results on aggregate inflation under NoFF (Proposition 3) and the results on

13Note here that in our calibration the standard deviation of the financial shock is the same as that of the idiosyncrac-
tic productivity shock but the persistence is lower. Therefore, the result that variables deviate from their respective
target levels by more in the case of the financial shock is clearly indicative of the substantial pressures that the shock
generates for the central bank.

4 This will become even more apparent below when we compare optimal policy to the standard Taylor rule.
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cross-country variables under NoNF (Proposition 4).

Impulse responses under simple rules We now present our results on how model dynamics
differ between optimal policy and policy conducted using simple rules. In particular, we consider
two simple monetary policy rules: a standard Taylor rule (¢, = 0) and a spread-adjusted Taylor
rule (®, = 0.3, 0.5, 1). Figures 6-9 show the responses of endogenous variables to an aggregate
productivity shock, a productivity shock in the borrower country, a productivity shock in the saver
country, and an aggregate financial shock respectively. The simple rules do not, as is expected,
replicate the outcomes under optimal policy.

The main difference between the two types of Taylor rules is most evident in Figure 9 when
the economy is hit by a financial shock. The standard Taylor rule allows for a significant negative
output gap and a negative response of inflation. On the other hand, a spread-adjusted Taylor rule
mitigates this outcome. In particular, a value of ®, = 0.5 comes close to replicating the response
under optimal monetary policy.*?

This finding may come as no surprise given that most of the discrepancy between the optimal
policy and the standard Taylor rule is in the response of aggregate output and inflation — as is evident
in the first row of Figure 9. It is well understood in the monetary policy literature that the central
bank is able to keep the economy at the efficient level of production if the interest rate is maintained
at its efficient counterpart. Moreover, in our model, when aggregate output is at the efficient level,
inflation is completely stabilized (see (14)). Since the efficient interest rate — more precisely, the
efficient deposit rate — is a decreasing function of the spread in our model, a spread-adjusted Taylor
rule comes quite close to the optimal policy with a suitably appropriate degree of spread adjustment.
In particular, recall that the efficient interest rate is given as r = o <Etf@§1 — YtE ) — nply in our
model and n; = 0.5. It is therefore not a coincidence that a value of ®, = 0.5 comes close to
replicating the response under optimal monetary policy. Interestingly, the best performing spread-
adjusted Taylor rule mimics the “leaning against the wind” policy and replicates the optimal response
of not only aggregate output and inflation but also other target variables such as relative price, relative

consumption, and debt.

5 Conclusion

In this paper, we study optimal monetary policy in a currency union model with nominal and
financial frictions. Asymmetric ex-ante net asset positions introduce a wealth redistribution role
for monetary policy in our model. This transmission mechanism is in principle independent of
sticky prices, which lead to the usual aggregate demand channel of monetary policy transmission.
Our derivation of the welfare-theoretic loss-function of the central bank clearly shows the various
distortions in our economy: those related to sticky prices; an effectively fixed exchange rate regime

coupled with sticky prices; and financial frictions that lead to imperfect cross-country risk-sharing

451n future work, we will more rigorously determine optimal simple monetary policy rules and compare quantitatively
how they compare to optimal monetary policy.
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and an endogenous spread between the borrowing and deposit rates. Variation in the interest rate
spread affects both aggregate variables, by affecting total spending, and relative (cross-country)
variables, by redistributing wealth across countries. Moreover, due to the interaction of nominal
and financial frictions, we show that in our economy, monetary policy effects get amplified and the
central bank faces a novel trade-off between stabilizing relative consumption versus the relative price
gap (the deviation of relative prices from their efficient level).

We show that due to the new terms introduced in the loss-function by financial frictions, a strict
inflation targeting policy that sets union-wide inflation to zero is not optimal even when an aggregate
productivity shock hits the economy. Moreover, the new trade-off that we identify implies that under
optimal policy, in response to country-specific productivity shocks, the relative price gap fluctuates
more than it would if there were no financial frictions. Finally, in response to a purely aggregate
financial shock that causes an increase in the interest rate spread, the central bank strongly decreases
the deposit rate, which reduces aggregate and distributional inefficiency by mitigating the drop in
output and inflation and the rise in relative consumption and prices. We also show that while a
traditional Taylor rule approximates optimal policy quite imperfectly, especially in response to the
financial shock, a spread-adjusted Taylor rule performs better because it helps the real interest rate
track the efficient rate of interest.

In future work, it would be of interest to consider three particular extensions. First, we have
ignored issues related to the zero lower bound on the nominal interest rate. We see from our analysis
of optimal monetary policy that the required reduction in the nominal interest rate is quite substantial
when a purely financial shock hits the economy. A large enough shock of this kind, which will lead to
a substantial drop in the efficient level of the real interest rate, can thus make the zero lower bound
binding in our model and put the currency union in a liquidity trap. This is a situation that is highly
relevant given recent events in the global economy and we can evaluate optimal policy implications
of such a scenario following the pioneering closed-economy work of Eggertsson and Woodford (2003)
and Jung, Teranishi, and Watanabe (2005).

Second, we have focused our analysis solely on monetary policy, thereby not considering the
stabilization role of fiscal policy and the interactions between monetary and fiscal policies in a
currency union. Analyzing this dimension of policy can have important implications and we can
consider these issues following the work of, among others, Cooper and Kempf (2004), Beetsma and
Jensen (2005), Kirsanova et al (2007), Gali and Monacelli (2008), Ferrero (2009), Leith and Wren-
Lewis (2011), Farhi, Gopinath, and Itskhoki (2012), and Farhi and Werning (2012).

Third, we have only studied conventional, interest rate based monetary policy in this paper. Given
a series of unconventional monetary policy actions by central banks around the world, including the
Furopean Central Bank, it might be important to extend our analysis along these lines, as illustrated
in closed-economy models by Gertler and Kiyotaki (2010), Gertler and Karadi (2011), Curdia and
Woodford (2011), and Del Negro et al (2011). It will be particularly interesting to consider the role

of unconventional monetary policy when the zero lower bound is binding.
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Figure 2: Impulse responses to a one standard deviation increase in Ay.
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Figure 4: Impulse responses to a one standard deviation increase in Ay ;.

39

-0.01

-0.02

-0.03

0.08
0.06
0.04
0.02

15

5 10

15

20



YandYE p

0.08 W rrrr e et S es SE S S5
General "
006 -4+ NOFF 01t
0.04 ---0--- NONF 02} o3
0.02 == == == Conplete o e ®
: ceeecc« Targetlevel -0.3 "o o 0

5 10 15 20

Figure 5: Impulse responses to a one standard deviation increase in ;.

40



0.2 0.1
0.1 .
£, 0 - " WTRTRTEE =L
0%_—.7____ .!.!.,.-O""
-0.1 : : : -0.1 :
5 10 15 20 5 10 15 20
ps pb
0.1 y T T 0.05 ;
oy PTYE A 2k ihanan on
e i
¥
-0.05 :
5 10 15 20
0
-00L
-0.02
-0.02 : : : -0.03
5 10 15 20
w
0.04
0.02
0¢.
-0.2 : : : -0.02 :
5 10 15 20 5 10 15 20

.01 . . !
5 10 15 20

Figure 6: Impulse responses to a one standard deviation increase in A;, under optimal policy and
under Taylor rule with alternative degrees of spread adjustment.
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Appendix

A Steady state

This section details a steady-state allocation around which we (log-)linearize the model. For simplicity, we make some
assumptions that deliver a steady state in which allocation is efficient and symmetric across countries — except net bond
holding. As mentioned in the main text, the government imposes a proportional tax on sales of goods, which removes
the inefficiency originated from imperfect competition with a constant tax rate, 7 = 1/6. Similarly, the government
receives (or gives) non-state-contingent and non-time-varying international transfers from (to) other countries that
equalizes steady-state consumption and labor hours across countries — despite asymmetric net asset positions.* In
addition, we assume that the steady-state levels of country-specific productivities are the same across countries and
the credit spread is zero in steady state: specifically, A; = A, = A = 1 without loss of generality and ¥ = 0.
Since there are no wasted resources in steady state (= = Z(b) = 0), each country’s consumption is a fraction of
output:
Co =XV and Gy =AY, (25)

where nAS 4+ npAS = 1. In the absence of shocks, household (and government) net asset positions are constant at the
initial condition. We assume without loss of generality that the initial condition are given as 55—1 >0> b{:_l (and
hence bg,l >0> bg,l).47 This implies that

d=ns (B’; + 55) = n (bf,_l + bf,_l) >0,
b=—m (55 + B,,G) = (b;,i_l + bgf_l) >0.

Given (25), country j’s production and price in unit of consumption good are given by:

D. 7 o+
B (9)TT R, (20)
__on
ny 'V = () T YR (27)

The steady-state value of “relative” variables can be obtained from (25)-(27):

Aggregate output is in turn obtained as:

14+ne
_on=1) _,7<U—1):| m=D)(c+¢)

y_[ns (39) 1 (35)

From the consumption Euler equations 6 and 5, we obtain the steady state level of the nominal interest rate:

}%d ::j?b _ ﬁ—fl

10Pescatori (2012) also uses a similar transfer scheme in a closed economy model with agents that have ex-ante
asymmetric asset positions.
“THere bé = B;C/P for ] = P,G and j = s,b.
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Finally, we consider A and )\bc, which depend on net asset positions, the level of production in each country, and

the amount of international transfers. Let us consider household budget constraint (3).

substituting out lump-sum transfers using (12) — is simplified to:

In steady state, (3) — after

_ _ _ _ 1 P, -
Co =Y = (1-9) (B +35) + =¥, + TR,
ns P
~ Co P | 7G 1 P,
Co= AT =(1=p) (B +87) + — =2V + TR,
b
From the equations above, we can find the value of TR, (= —Z—:TRb) that equalizes steady-state consumption across

countries (Y = XS =1):

TR.=—(1-8) (65+B§) <o,
TRy, = — (1 - B) (Ef+5§) > 0.

In this case, the steady-state cross-country distributions are characterized simply as:

B Log-linear approximation

We present below the equations characterizing the first-order approximation of the equilibrium of our model.

e Euler equations:

. . 1~ .
m:amH%;{W+mm—amHQ

~ ~ 1.
CtR = Et[cﬁl] + ;wt

e Phillips curves:

ot = BE: [s,e41] + K [f’t — ﬁE] + K ( g nb) [C’tR] — K (Mnb> [PtR - PtR’E]

o+

bt = BEL [Tpe41] + K [fft — YtE] —K ( g ns) [CA'tR] + kK <Mns> [PtR — PtRyE]

e Law of motion for aggregate debt:

be =B b1 + APRY — BT INP R, — B ngny (n — 1) BF = BT ngn CF

e Credit spread:
Wi = Xt +nBby
e Identities:

R AR
T = NsTs,t + Moo Py = Pilq +Tst — T

e Country-specific consumption:
Cor =mCi+Y: Chy=-nCl 1Y,

e Country-specific production:

Yoo = -y PF+ Y, Yoy =mmsPF 4+ Y,

e Country-specific net asset position:

R 1.~ = 1 -

bs,t = —bt byt =——bt
2

s
s
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e Exogenous processes

. 1 . ) . ) 1 . .
.2 (nsAs,t +npAe + At) P =~ o (As,t - Ab,t)
o+ 1+ne

Xt = PxXt—1 + Ex,t At = pAAt—l +ean

Ast = pasAsi—1+ea,t Avt = pa,Avi—1+€a,

C Proofs

C.1 Proposition 1 (Welfare-theoretic loss function)

We follow Woodford (2003) in deriving the utility-based loss function. We take a Taylor expansion of each term of the

utility function. Taking a second order expansion around the steady state, we obtain
~ - 1 = .
U(C) = U(C) + Uc(Cje — C) + 5Ucc(Cia — O) + tip+ O (¢]°) (28)

where O (||§||3) represents all relevant terms that are of third or higher order, and ¢.i.p denotes all the terms independent

of monetary policy. We also take a second order Taylor expansion of Cj;. Then we have
_ ~ 1 -
Cre=C (14 Gt 3¢ ) +OIel") (29)

where C; = log Cj+ — log C. This implies

_ A 1 -4
Cye = C = CChu+ 5CC3+0 (¢I°) (30)
Substituting (30) into (28) gives
~ N 1 N 1 =2 A .
U(Cj1) =U(Cy) +UcCCyy + iUcCC]%t + §U00020it +tip+ 0 (|€]°) (31)

Note that U(C) is independent of monetary policy. We rewrite (31) as

-~ 1 1UccC .

where t.i.p denotes all the terms independent of monetary policy. From the utility function we assume in the text, we

UccC

& = —o. Thus we obtain
C

have

[ 4 1 A )
U(Cj) =UcC {Cj,t +501- a)Cﬁt} +tip+ O ([€]°)
Now we also take a second order Taylor expansion of V (Nj+(4)).
V (Nji(i)) = V(N) + Va (Nje (i) = N) 4+ Vv (Nje (i) = N)? + tip+ O (€]1%) (33)

The second order approximation of N; (%) is:

Nj (3 o 1.
240 _ 1 4 Ra(i) + N0 + 0 () (34)
Substituting (34) into (33) gives
: o o, 1o o 1VNNN o
V(0 = WA { K3+ 355000+ 5 D 0
+tip.+ 0 () (35)

47



Vn N

Since = ¢, we rewrite (35) as

Vi
V(0 = W { K5) 4§+ Q5000 ) + i +0 (1€]) (36)
From the production function, we have
Vie()) = A+ Aji + Ny (i) = Nja(i) = Vi (i) — A — Ayt (37)

Substituting (37) into (36), we obtain

V(N (i) = VN +tip. + O ([€]°)

1 ,t
+2 (1 * @) 72AtYA},t(Z) — QAjyt A] t(Z) — QAtAjyt
- Viie(3) + 5(1+ ¢)V5.(4)? ) 3
= VNN{ (1t [At?;-,t(i) N Aj,t?_j’t(i)] +ti.p. + O (|€]°) (38)
By integrating (38), we obtain

= [ V(@) di = VN Eﬂmmﬂ+w+wwﬁﬁmﬂ+ (39)
—_— 7,2 1= . 2 . R N
n J, T s 0B [ - o) (At Ase) B [F0)]

+tip. + O (|€]°)

Taking a second order approximation of the aggregators gives

o re 1 1(6-1 T
Vieli) = B [Via@)] + 5 (== ) var! [Ta@)] + 0 (I¢)®)
2\ 0
which implies
Te . 1/6-1 o .
B! [35)] = Yo = 5 (557 ) varl [F)] + 0 (lel) (40)
LT oA 2 N
B! [Via@)] =¥+ 0 (Ie)) (41)
We substitute (40) and (41) into (39) obtaining
| Y+ i)V —(1+9) (A +A;,)Y;
L[ V(i) di = vuN ”tz(lw”ﬂ( @(f i) B
nj Jz; +5 ((p + 0 )Varf- [th(z)}

+ tip. + O (||€]°)

Now recall that N = AY-A =Y. From the household’s labor supply relation, we have
J

:Aj[l: 1= —VnY =UcY =UcC

VW W
Us P
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Country-j household’s period utility is then given by

U]t_{U(C]t / V (Nj¢ }

=UcY {éj,t + 5(1 - O—)O‘jg,t}
oy Vit 314V — (L+¢) (fl +/1j,t) Y.
— UcC
5 (o +07) Var! [Y5.(0)]

O],t+(1 0)02
— UV Vi (52) V2 + (L4 9) (A + Ay ) Vi

(224=) Varl [et0)]
Finally, the weighted sum of period utilities is

anﬁj,t:Z{ Cit **/V 5.t (i }
j=s,b j=s,b

=UcY

e+t

"‘(1"‘90)2 nj (At+AJt) gt (
+ tip. + O (|I€]°)

o S (G Y + (559) i - (58) %
_UCY{ FO Q) Xy (Aot Ase) Vi = (2257 ) Sy myVar
+tip. + 0 ([€]°)

Recall that the economy’s resource constraint is

}/t = nsCs,t + nbcb t +
which implies:

E(bt)7

)2 +0 (Il

where Ep(b) is assumed to be zero. This implies

Vet 5V = naCurtmChp+ 5 (nséit + nbéf,t)
From the demand for sectoral goods, we have

N | =

Yt =-n (Pj,t - Pt) + Y
The second order expansion of the price aggregator is

R 1— R . . _
P+ (%) P2 =n.Poy+npPyy+ —— 1

(nePe+mB) +0 (1)
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ZJ (nJO t _nJY ) + (1_70) Ej ”jé]z,t - (HJ) 2

) s Var! [¥5.46)]

+ti.p. + O ([€]1*)

+ti.p. + O ([€]°)

32

Jst

J Vi
! 9546)]

3)7

Ebbg? +t.i.p.+ O (Hf“g)

(44)

(45)

(42)

(43)



Rearranging (45) gives

—-n

Ps,t — pt = antR - (nspsz,t + nbplf,t
-1

~B2) +0 (¢l
Poo— Bo= - P = LT (B2, g PR, P2

P?) +0(J¢l°)

Also, we have that

Py =nsPs s + nbpb,t + 0 (||€H2)
52

—s Pt =N Pszt + anit + 2nsnbﬁ)s,tpb,t + O (||§H )
Substituting (48) into (46) and (47), we obtain

N ~R 1—
Ps,t_Pt:ant — NsNy

T (BR) +o(lel)

. N . 1— RN
o= Po= —n.PF —nany =" (PF) "+ 0 (I¢I1)

Let us substitute (49) and (50) into (44). Then

Ys,t =

. 1-— SR\ 2
—mpn P+ Ye + nsnbw (PtR) +0 (”5”3)

1— N 2
o = nan Bl 4 ¥+ T (B7) L0 (g)?)
The equations (51) and (52) imply

2 ~ N N
V2= (nonPf)” + 7 = 20m PV + 0 (J€]1°)
-2

V5= (nanPl) " + V2 4+ 2nn Pl 4 0 (i)
Then, we have

UcY Z niU. ]t

> (njéj,t —n;Y;, ) +(52) %, n,C2

o (F52) 22, m Vi
=t (U4 Q) Sy ms (At A ) Ve = (£52) 2y Vard [9546)]
( V2-—2 (nsC’s + +anbt — %E 6?) s nb"(k") (PtR)
B — (152) nonen ( ) (Lo y2
+(1+¢) (At +nsAgy +np Ay t) +(1+ w)nenbn (Ab ¢ — As t) PE
— (257) 52y maVar! Y]
N ~ ~ 2 ~ JN
—Nsnp g (C —Cy t) — NsNpn (1+n‘P) (Pﬁ) — (HT‘P) Y2 - %Ebbb?
=< +(1+y) (At +nsAg s +npAps ) Vi 4+ (1 + @)nsnpn (/1 — A, ) BE 3, (53)
(257 ) 32y myVar! [Vl
where the terms t.i.p. + O (||£||*) were omitted. Note that
At ndctmin, = (SEE) 9 10 (16lP) (54)
T e G = LRI () (55)
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Substituting (54) and (55) into (53) gives

UCY Z ’I’L]U7,t = —Nswpg 9 (és,t - CA1l),t)2 - (w) Y/tz + (0 + 90) i/tE?t

j=s,b

2

s (1) PEERE = (512 ) (P1)' - 2wt
(“’*9 )anww [fv )]+t.z'.p.+o(\|g||3)
- (08" - 252 {57 i (57 - (7))
1 L ()" —opppty () - (REE) - L

<90+9 )Zn]Var [Yie(0)] + tiip.+ 0 (J€I)

2

o\ 2 . 2
Since (Yf) and (PtR’E) belong to t.i.p, we obtain

2

3 0,0 _UoY ”s”b“(éf)er(Uw)(ﬁ—ﬁE)QJrnsnbn(lJr )( PRE)2
J

+E0b} + (0 +071) Xy myVar! [¥5.46)]

+tip. + O ([€]1°)

The demand for Y. () is given by

Then

(P (P
v = (29) 7 (B) Ty
Js

ng:(i) — 9 (p,t(l) _ Pj,t) —-n (Pj,t — pt) + Y;t

This implies that

Var [ it ()] = 92Var [AN(Z’)]

where A{ = Varg [p]t(z)] is a measure of price dispersion within a country. When prices are staggered as in the
discrete time Calvo fashion, Woodford (2003) has shown that

Al =

If a new policy is conducted from ¢ >

sum over time, we obtain

> 6'al -
t=0

Now, consider

ALy + 7w 40 () =

t+1Ag +Za 5(

) w0 (lel)

0, the first term, a;-“Aj_l, is independent of policy. If we take the discounted

Ao —ag P e+ tin+0 ()
t=0

oo
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= UCY Zﬁ [nsnba (Ct ) + (o + ) (Yt — YtE)Q + nsmen (1 + nyp) (PzR - PtR’E)2 + Ebb?)?]

_ UcY

(040710 Z n; ZﬁtA{ +tip. + 0 (|€]*)

j=s,b t=0

UrY & RN . . 2
= —% > s [nsnba (Qﬁ) + (o0 +¢) ( -Y; ) +nsnpn (14 1) (PzR - PtR’E) + Ebbbf]

t=0

> 1+g09) 2 . 3

; :Z 1_% T agy e b+ 0 (IEl°)

Un¥ & S anQ(U‘W) 2.+ n.nyo (C’t )2—1—(04—@)( -, )2
R L A +tip.+ O (IE]°)
t=0 +nsnen (1 4+ ne) (Pt - P ) + Epbbi
Therefore
Lo=n 0t @) 2 o 0l0+0) 2
Ks Kby

+ nsnpo (CA(tR)2 + (0 +¢) ( -Y, ) + nsnpn (1 + 1) (ptR - ptR’E)z

=+ Ebbi)f .

C.2 Proof of Proposition 2

It is straightforward to take the derivatives.

C.3 Proof of Proposition 3

(a) As discussed in the previous section, it is clear that the system of the equations, (14)-(19), determines {C‘tR, PEYVE bt}
as a function of x: and ptR’E (only) in the limiting case, = — 0 and A% — 0.

(b) The loss function (21) can be written as
N a2 A\ 2 .
Lo = 6um? + by (Vi V) 4 namon (nf) + o (PR~ PRP) 4 60 (CF) + 6t

oo\ 2
where ¢ oﬂ’). Note that nsnydx (wf) + op ( PR E) + ¢c (CtR) are independent of monetary policy
and ¢p = 0 when = Ep = 0.

(¢) From (14), the central bank can set m; = 0 and Y; = Y;¥, which minimizes the loss function.

(d) Finally, to show that the optimal monetary policy does not attain the efficient outcome, note that
nsﬁ‘tR = nsﬁ‘t}il + Tt — Tt
Suppose the optimal policy leads to the efficient outcome. Then it must be that
Toa = —no (PP = PR

Then one can easily show using a country’s Phillips curve that CA’tR # 0, which contradicts the supposition.
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C.4 Proof of Proposition 4

Under flexible prices (k = 00), the first two inflation terms drop out from (21). Moreover, since Y; = Y, this third

term drops out as well. This means that the loss function now simplifies to:
SR pRE\? AR\ 2 72
Le=op (P = BI7) +oc (CF) + osbt,

where

dop =nsmpn(1+n09);  ¢c =nsnp0o; ¢ = Zpp.

Next, note the relationship between PtR — IE’tR’E and CA’tR given in (20). Using this we can rewrite the loss function as

2
b= <¢P (1 +Un<p> +¢C> (65)2 + ¢nbi,

=dc

with the following reduced system of equations as constraints:

. . 1. -
CF = BlCL] + = (R +nsb) (56)
g
Bt::5_1&_14—ABRf—-ﬂ_1ABﬁ1——B_lnsnb(g%g§%£2—+1)(iﬁ (57)

~ _ 1 N N
+ (1= n) N\ (% 4+ mebe) = 57 o (7= 1) (1 o (Ane - Ab,t)) :

. . 1 (4 A .
VF =BV - p {R? — Eimeqr +mp (Xt + UBbt) } . (58)

The first order conditions from the central bank’s minimization problem under commitment are given as:

- _ _ o(n—1
0=0¢cCH + Qe —p 1t]1,t71 + B nane (7(77 ) + 1) q2,t,
1+np

R 1 1
0= ¢Bb: — PULLIE +(1-(1—-n) ABUB)Qz,t — Eiga,t41 + PLULLERE
_ 11
0=25 1>\BQ2,t - B 1;(13,t71»
1
0= —)\qu,t + —qs,
o

where {q1,:}, {g2,+} and {g¢3,:} are the sequence of Lagrange multipliers associated respectively with (56), (57) and (58).
The last two equations implies that g2+ = g3+ = 0. It is then straightforward to show that the first order conditions

are reduced to a simple targeting rule:
pcCft = —¢B7;LB |:i7t - ﬁfll;t&] =—0of8 |:l;t — 571@71} .

We can plug the targeting rule into (56) to obtain:

,BEti?t-H - {1 + B8+ 7734370} b+ b1 = dc Xt-
odB opB

The solution of the second order difference equation is:

¢
O'(ZSBXt’

Bt = ’Yi)tfl -
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and we thus have:

&CC’tR = —(fJBi [Bt - ,3_1675—1] =of [(/B_l - ’Y) Z?t—l +v be Xt
nB opB
— OF _ ( = B7); be_q + B 7
t %’ t—1 7¢Xt
where v € (0,1) is a smaller root of the characteristic polynomial:
FO) =87~ (1+5+773 Q; )v+1—0

In particular, v is given as

2
(1+8+mmis) - \/(1+,8+nBU¢B) —48
20 '
Since CJ* # 0, the optimal policy does not achieve the efficiency.

v =

D Optimal policy problem in general case

In this section, we detail optimal policy problem. Consider the Lagrangian (omitting exogenous shocks for brevity):

c:é&iﬁf [¢sw§,t+¢bw§,t+¢y (%~ 72) 4+ op (B~ PRF) " 4 gc (é?)2+¢313?}

t=0

+ Eo iﬁt(h,t {Tl's,t - 57Ts,t+1 — Ks [fft - YtE} — Ks <J i (Pnb) [C'tR] + Ks (10—:_77;0 ) [PtR —

t=0

+Eozﬁ G2,t \ To,t — BTbt41 — Kb [Yt Y, }‘f’/fb (0

o ’I’Ls> [étR] -, <1+n§0ns> [PtR_
+¢ o+
+EoZB ase { (P = PPP) = (PRy = PET) = mo + moi }

+E025 gs.t

+ Eo E B Q4t{ Et Ct+1] - TIBbt}
. N 1 4 1 A 1 1

{ (Yt+1 — Ytlf_l) + —Rf + —nynBb: — —MsTst41 — *nbﬂb,t+1}
o o o o

+ Eo Z ﬁtqa,t

t=0

(1— (1 —np) NPng) by — B b1 — APRE + BTN [ + npmy ]
+8 ngnp (n — 1) (PtR — PtR’E) + ,B_lnsnbé'tR ’

where {q1,+}, {q2,t},.., {ge,+} are the sequence of Lagrange multipliers.
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First order conditions are given as:

11 _
Omst: 0= smst +q1,t — qr,e—1 — g3t — B 1;nsq5,t71 + 87 NP nyqe.4
! _1.\B
Ompt 2 0= dpmo,e + g2t —q2,e—1 +q3,t — 5 T, -1 + 87 A" nuge
1o} (?} — YtE) :0 = ¢y (?} — ytE) — KsQ1,t — Kbq2,t + q5,6 — /371(15,t71

R X R R 1+ 1+
0 (PtR — PtR’E) :0=0¢p (PtR — PtR’E) + Ks ( mpnb) qi,t — Kb (ﬂns> G2t
o+ o+

+ g3t — BE:q3 141 + 571nsnb (n—1)ge,

A A o o - —
8CtR 0= qﬁcCtR — Ks ( le) q1,t + Kb ( ns) q2,t + qa — B 1q4,t—1 + 8 lnsnb%,z
o+ ¢ o+ ¢

A = = 1 1
Ob; : 0 = Eppby — Bt + ~TwNB 5t + (1 —(1—myp) ABUB) g6,t — Eiqe,t+1
A 1
AR 0= st~ AP g6,

Consequently, the equilibrium time path of

oo

9, Hd 7 A AR HR
{Y't?Rtaﬂ-taﬂ-s,taﬁb,tabt?wtvct 7Pt 7q1,t7q2,t7q3,t7q4,t,q5,t,q6,t}t_0

are characterized by the following 15 equations

N . 1 . .
st = BEy [Tsp41] + Ks [Yt — YtEj| + Ks ( 7 nb) [ 7:R:| — Ks ( i n@nb) [PtR - PtR’E] ,
o+ o+ e

s = B8 o)+ (33 = 9] = o (T ) [O8] 4 (L5120, ) [ - 2]
Y, = Ei[Vig] — é {Rf + np@r — Ez[ﬂt+1]} ;

Cf = EB[CE )+ %wt,
b =B b1+ APRY — B NP7 — B neny (n — 1) PE — B nans CF + (1 — np) AP,
@ = Xt + b,

PtR = Pt}il + st — Tot,

Tt = NsTs,t + NpTb,t,

11 _
0=0sTst +q1,t —q1,t—1 — a3, — lgnsqs,t—l + B 1/\an¢]6¢,

-1 1 —1.\B
0=pmye +G2,t —qa,t-1+q3¢ — fB TG 11 + B8 A" nwge ¢,

0= ¢y (Yt — f’tE) — Ksqi, — KbGa,e + @5 — B 5,01,

‘R n 1+ 1+ -
0=¢pr (PtR - PtR’E) + Ks ( n(pnb) q1,e — Kb < Wns> @2t + 3.0 — BEqs.e41 + B nsmp (0 — 1) ge.,
o+ e o+

A g g _ _
0=¢cCff — ks ( nb) qi,t + Kb ( ns> Qo0+ qa — B qa—1 + B nsnuge e,
o+ @ o+ @

= = 1 1
0 = Zppbs — ;an4,t + ;nanQS,t + (1 — (1 —mny) )\BUB) g6,t — Fiqe,t+1, and

—_

0= =g~ Nge.,
g

given exogenous processes and initial conditions. We assume that all the variables are in the steady state initially:
Z_l =0and ¢g-1 = 0.
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E Estimation of 75 and productivity shock processes

Below we detail the estimation strategy that we used to estimate ng = Zp,/8 and the parameters related to the

productivity shocks.

E.1 Estimation of 7p

The parameter np implies a change in @; associated with a unit change in l;t while all other variables are fixed. We set
np at the long-run impact of a unit increase in the net foreign asset-to-GDP ratio on the interest rate spread estimated
using a panel of the seven countries in Table 1 (France, Germany, Greece, Ireland, Italy, Portugal, and Spain). The
panel consists of annual data on interest rate spreads (the excess return of the 10-year government bond over EONIA
or the Euro OverNight Index Average) and the ratio of net foreign asset to output for each country over the period
from 2007 through 2010. The estimated long-run impact is 0.11.

E.2 Estimation of productivity shocks

Our model implies that

At + As,t = Ys,t — Ns,t
A+ Ab,t = Yb,t — Nb,t

where

Ay = pAAtfl +eat,

As,t - pAsAs,tfl + EAs,ty

Apt = pavAv,t—1 + €ab e,

and the innovations €4, €45+ and €4p ¢ are 4.i.d. and have mean zero and variance %, 01243 and aib, respectively.
For simplicity, we further assume that the country-specific shocks follow the same process: pas = par = pa; and
0hs = 0hp = Thi-

To calibrate the parameters, we use the quarterly per-capita output data of six countries (France, Germany, Ireland,

Italy, Portugal, and Spain) over the period from 2000 through 2011 and estimate the following model

Zi,t:Zi+g't+At+Ai,t7

and
At = PAAtfl +eau,
Ai,t = PAiAi,tfl + €ait,
for i = 1,2,---,10 where Z;; is per-capita output in each country, eas ~ N (0,0%) and ai¢ ~ N (0,0%,). The

data were taken from the OECD database. Note that the country-specific productivity shocks are restricted so that
they have the same autocorrelation coefficient and the same innovation variance. We include Z; and g - t to demean
per-capita output and remove a common linear time trend.

The model is estimated using Bayesian methods with a quite loose prior distribution. In particular, we use a
uniform distribution over (0,1) for pa and pa, and a uniform distribution over [0,0.2] for 04 and o4,. The posterior
mean is estimated to be 0.73 and 0.98 for pa and pa,, respectively, and 0.002 and 0.009 for 04 and oa4,, respectively.
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F Additional figures
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Figure 10: Impulse responses to an expansionary monetary shock. Monetary pohcy is a standard
Taylor rule with an i.i.d shock and no interest smoothing term: Rt =&, m+P Yt +ery. “Wealth
redistribution” corresponds to the special case that features only the wealth redistribution channel
due to the absence of nominal rigidities, while “Aggregate demand” corresponds to the other special
case that features only the aggregate demand channel.
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