Financial Stability in Open Economies*

Ippei Fujiwarafand Yuki Teranishi?
Institute for Monetary and Economic Studies,

Bank of Japan

First draft: June 2008, This draft: November 2008

Abstract

This paper investigates the implications of an internationally integrated financial
market and its intrinsic frictions for the monetary policy. When there is no other
distortion than the financial market imperfections in the form of the international
staggered loan contracts, the inward-looking financial stability, namely eliminating the
inefficient fluctuations of the loan premiums, is the optimal monetary policy in open
economies irrespective of the existence of the policy coordination. Yet, optimality of
inward-looking, i.e., independent, monetary policy requires an additional condition to
the previous studies on optimal monetary policy in open economies. For the coincidence
of allocations between cooperative and noncooperative monetary policy, the exchange
rate risk must be perfectly covered by the banks. Otherwise, each central bank has an
additional incentive to stabilize nominal exchange rate only to the favor of firms in her

country to reduce the exchange rate risk.

JEL Classification:  E50; F41
Keywords: optimal monetary policy; policy coordination;

global banking; international staggered loan contracts

*We thank Kosuke Aoki, Pierpaolo Benigno, Giancarlo Corsetti, Jinill Kim, Maurice Obstfeld, Michael
Woodford and participants at the ZEI International Summer School in June—July 2008 for insightful com-
ments. Views expressed in this paper are those of the authors and do not necessarily reflect the official
views of the Bank of Japan.

"E-mail: ippei.fujiwara@boj.or.jp

*E-mail: yuuki.teranishi@boj.or.jp



1 Introduction

Financial globalization have been expanding quite rapidly. We can easily observe this
trend from recent financial and economic developments. For example, many banks in the
world now suffer from losses stemming from the US subprime loan crisis. Gadanecz (2004),
McGuire and Tarashev (2006), and Lane and Milesi-Ferretti (2007, 2008) formally show
that more funds from foreign countries are flowing into the domestic financial markets of
many countries. Although we can find several studies investigating the implications of the
goods market integration for monetary policy, summarized in Woodford (2007), very few
studies have focused on monetary policy under global banking or internationally integrated
financial markets.

Dose the international financial stability matter for the central banks? How does the
international financial market developments alter the form of the optimal monetary policy?
Should the central banks cooperatively conduct the monetary policy or not under the
internationally integrated financial markets?

In order to answer these questions, we construct a new open economy macroeconomics
(NOEM) model that incorporates the international loan contracts as in Fujiwara and Teran-
ishi (2008). In our model, financial market are captured by the staggered loan contracts
following Calvo (1983) - Yun (1996) framework. The stickiness in the loan rate contract
is reported by many studies as Slovin and Sushka (1983) and Berger and Udell (1992) for
US economy, Sorensen and Werner (2006) and Gambacorta (2008) for euro economy, and
BOJ (2007) and BOJ (2008) for the Japanese economy.! For the detailed modeling of
the financial market, it is popular to incorporate the financial accelerator as in Bernanke,

Gertler, and Gilchrist (1999) in the dynamic stochastic general equilibrium model, where

'For the US, using micro level data, Slovin and Sushka (1983) and Berger and Udell (1992) show that
it takes two or more quarters for the private banks to adjust the loan interest rates. For the Euro area,
Sorensen and Werner (2006) estimate the incompleteness in the pass-through from the policy interest rate
to the loan interest rates by the error correction model using macro data. They further show that the
degree of the incomplete pass-through significantly differs among countries. Gambacorta (2008) conducted
similar analysis for Germany and show the existence of the sticky adjustment in the loan interest rate. For
Japan, according to BOJ (2007) and BOJ (2008), the major city banks need five quarters and the local

banks need seven quarters to adjust the loan interest rates.



the net worth as the state variable causes the deviations of loan rates from the policy
interest rate. The staggered loan contract model can be considered simplified or another
type of the financial market friction. We aim to capture the dynamics of loan rates by
the staggered loan contracts instead of the net worth dynamics. In our model, the wedge
between the loan rate and the policy rate is due to the imperfect competition among banks
following Sander and Kleimeier (2004), Gropp, Sorensen, and Lichtenberger (2006), van
Leuvensteijin, Sorensen, Bikker, and van Rixtel (2008) and Gropp and Kashyap (2008),
that point out the importance of bank competitions on the staggered loan rate setting.
The end consequences are the same irrespective of these two ways of modeling.? A shock
related to the financial market imperfections eventually results in the increase in the costs
of goods production.? What is the most advantageous in our approach is that we can
analyze the nature of optimal monetary policy analytically and therefore more intuitively.

Welfare analysis shows that the central banks should stabilize the international finan-
cial disturbance, implying the central bank should care about the international financial
market heterogeneity between domestic and foreign countries. Most notably, when there
is no other distortion than the staggered loan contracts as examined in this paper, the
inward-looking financial stability, namely eliminating the inefficient fluctuation of the loan
premiums stemming from the financial market imperfections, is the optimal monetary
policy in open economies irrespective of the existence of the cooperation between central
banks. There, each central bank should aim at stabilizing the loan premium to firms in
its own country. Yet, optimality of inward-looking, i.e., independent, monetary policy re-
quires an additional condition to the previous studies on optimal monetary policy in open
economies. Otherwise, each central bank has an additional incentive to stabilize nominal

exchange rate only to the favor of firms in her country to reduce the exchange rate risk.

2Yet, initial responses of loan rates to the monetary policy shock are quite different. In the financial
accelerator model, the response becomes much larger than in our model. Where this difference is coming
from is, however, not a trivial question. Morozumi (2008) shows that the financial accelerator mechanism
itself does not amplify the responses but just makes them persistent to monetary policy shock. To investigate
which is superior for empirical accounting is left for our future research.

3There exist models where financial market imperfections affect the aggregate TFP. See, for example,

Chari, Kehoe, and McGrattan (2007).
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Figure 1: Agents in the Model

These are quite new findings not considered in such previous studies that investigate the
optimal monetary policy in open economies as Obstfeld and Rogoff (2002), Clarida, Gali,
and Gertler (2002), Benigno and Benigno (2003), Devereux and Engel (2003), and Corsetti
and Pesenti (2005).

The structure of the paper is as follows. Section 2 shows the model used for the
analyses in this paper. Then, in Section 3, we derive the loss function that the central
bank should minimize. Section 4 investigates the nature of the optimal monetary policy

in internationally integrated financial markets. Section 5 gives a short discussion. Finally,

Section 6 summarizes the findings of this paper.

2 Model

The model consists of two countries. There are four types of agent in each country—

consumers, firms, private banks and the central bank—as depicted in Figure 1.



2.1 Consumer

A representative consumer plays four roles: (1) to consume differentiated goods deter-
mined through two-step cost minimization problems on both home- and foreign-produced
consumer goods; (2) to choose the amount of aggregate consumption, bank deposits and
investment in risky assets given a deposit interest rate set by the central bank; (3) with
monopolistic power on labor supply, to provide differentiated labor services that belong
to either the domestically financially supported (DFS) or the internationally financially
supported (IFS) groups and to offer wages to those differentiated types of labor; and (4)
to own banks and firms and to receive dividends in each period. Role (3) is crucial in stag-
gered loan contracts. Thanks to this differentiated labor supply, the demand for loans is

differentiated without assuming any restrictions on aggregate loans or loan interest rates.?

2.1.1 Cost Minimization

The utility of the representative consumer in the home country H is increasing and concave
in the aggregate consumption index Cy.> The consumption index that consists of bundles
of differentiated goods produced by home and foreign firms is expressed as
Y 1=y
. Cyp,Cpy
PP (1 =)

where ¢ (0 <1 < 1) is a preference parameter that expresses the home bias, which is set

(1)

to be 0.5 in this paper for no home bias.® Here, Chu, and Cgy are consumption subindices
of the continuum of differentiated goods produced by firms in the home country and the

foreign country, respectively. They are defined as

1 . 1
iy = { /0 ct(f)"adf} ,

and

1 . o1
Cry = [ /0 q(f*)”adf*] ,

*For details, see Teranishi (2007).

’The same optimal allocations are obtained even by assuming that each homogenous consumer provides
differentiated labor supply to each firm.

SHere, we follow Obstfeld and Rogoff (2000).



where ¢; (f) is the demand for a good produced by firm f in the home country and ¢; (f*)
is the demand for a good produced by a firm f* in the foreign country, where the asterisk
denotes foreign variables. Following the standard cost minimization problem on the aggre-
gate consumption index of home and foreign goods as well as the consumption subindices of

the continuum of differentiated goods, we can derive the consumption-based price indices:
11
P, = Pj Pp,, (2)

with
and

where p; (f) is the price on ¢; (f), and py (f*) is the price on ¢; (f*). Then, we can obtain

the following Hicksian demand functions for each differentiated good given the aggregate

el f) = 1 [py (f)}_” (PH,t)_IC,t, 3)

consumption:

and

1pe (f)]77 (Pre\
"m) (F) @

Here, as in other applications of the Dixit and Stiglitz (1977) aggregator, consumers’ allo-
cations across differentiated goods at each time are optimal in terms of cost minimization.

We can derive similar optimality conditions for the foreign counterpart. For example,
the demand functions for each differentiated good given the aggregate consumption are

expressed as
—0

, 1 [p (f Phr N
an=y |0 () a @)
Hit t
and i .
* * 1 p* f* PE, - *
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2.1.2 Utility Maximization

A representative consumer in the home country maximizes the following utility function:

Ut:Et;:tﬁ“{wcT)— | vt [ v dh},

where E; is the expectation operator conditional on the state of nature at date ¢ and ( is

the subjective discount factor. The budget constraint of the consumer is given by
n
P.C; + E; [Xt,t+]_Bt+1:| +D; < B+ (1 + Z'tfl)thl + / wt(h)lt(h)dh
0
1
+/ wy(h)lg(h)dh + TIFE + 1IF — 1, (5)
n

where B is a set of risky asset, D; is the deposit to private banks, #; is the nominal deposit
interest rate set by a central bank from ¢ — 1 to ¢, w(h) is the nominal wage for labor
supplied from the DFS I;(h), wq(h) is the nominal wage for labor supplied from the IFS I;(h),
nre = fol IPE (h)dh is the nominal dividend stemming from the ownership of both local
and international banks in the home country, IT}" = fol Hﬁ 1(f)df is the nominal dividend
from the ownership of the firms in the domestic country, X; ;1 is the stochastic discount
factor and T} is the lump sum tax.” Here, because we assume a complete financial market
between the two countries, the consumer in each country can internationally buy and sell
the state contingent securities to insure against country-specific shocks. Consequently,
there only exists a unique discount factor. The relationship between the deposit interest

rate and the stochastic discount factor is now expressed as

1
1+ 4

= E¢ [ X4 441] - (6)

Given the optimal allocation of differentiated consumption expenditures, the consumer
now optimally chooses the total amount of consumption, risky assets and deposits in each
period. Necessary and sufficient conditions, when the transversality condition is satisfied,

for those optimizations are given by

Uc(Cr) = B(1 + it Ex

UC(Ct+1)Pi1:| ) (7)

"For simplicity, we do not explicitly include the amount of contingency claims under complete financial

markets.
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Together with equation (6), we see that the condition given by equation (7) defines the

intertemporally optimal allocation on aggregate consumption. Then, the standard new
Keynesian IS curve for the home country, by log-linearizing equation (7) around steady

states, is obtained as follows:

C, = Et6t+1 —v (/Z'\t - Etﬂ't-i-l) ; (8)

P
P

and v = Uc_  Rach

where aggregate inflation in the home country is 7 = In = —poeo

variable is defined as the log deviation from its steady-state value, where the log-linearized
version of variable x; is expressed by Z; = In(x;/T), except for my, given that T is the
steady-state value of x;.

In this model, a representative consumer provides all types of differentiated labor to
each firm and therefore maintains some monopoly power over the determination of his own
wage, as in Erceg, Henderson, and Levin (2000). There are two types of labor group: the
DFS and the IFS. The workers populated on [0,n) belong to the DFS, and other labor
populated on [n, 1] belongs to the IFS.® We assume that each firm hires all types of labor
in the same proportion from the two groups. The consumer sets each wage wy(h) for any
h and wy(h) for any h to maximize its utility subject to the budget constraint given by
equation (5) and the labor demand functions given by equations (24) and (25) in the next
section. Here, although differentiated labor supply is assumed in this paper, consumers
change wages in a flexible manner. Then we have the optimality conditions for labor supply

as follows:
wi(h) = Vill(h)
Pt e—1 UC (Ct) ’

9)

and
wi(h) e Vil (h)]

P e—1Uc(Cy)’ (10)

8The difference between these two groups is characterized by somewhat wider properties of workers,
like English speaking or Japanese speaking, though the differences between workers within each group are
characterized by narrower properties of workers, like a person who has knowledge of accounting in banks

or a person who has the skills to build automobiles in a plant.



where ¢ is the elasticity of substitution among differentiated labor. As written above,
thanks to this heterogeneity in labor supply, we can model the differentiated demand for
loans without assuming any restrictions on aggregate loans and loan interest rates. In this
paper, consumers supply their labor only for firms, not for banks.

Similar to the above case with cost minimization, we can derive the optimality condi-
tions for the foreign counterpart. For example, the standard new Keynesian IS curve for

the foreign country is

Cr =Bl — v (i — Bimipa) - (11)
2.1.3 Exchange Rate

Under complete financial markets with a symmetric initial state:

UC(Ct) = tPt UC(Ct),
t
and
S Py
Qt - Pt )

where S is the nominal exchange rate while ) is the real exchange rate. As we will see
below, because of the symmetry in the home bias parameter and because no nominal

rigidities are assumed in this paper:
cr=C,=0Y, (12)
where C}V is the world consumption and
Qr=1.

However, reflecting the nominal interest rate set by the central bank, nominal exchange

rates can fluctuate according to the UIP condition as
E;ASp1 =iy —if, (13)

which can also be expressed as

AS; =7, — 7. (14)



2.2 Firms

There exists a continuum of firms populated over unit mass [0, 1] in each country. Each firm
plays two roles. First, each firm decides the amount of differentiated labor to be employed
from both the DFS and IFS groups, through the two-step cost minimization problem on
the production cost. Part of the costs of labor must be financed by external loans from
banks. For example, in country H, to finance the costs of hiring workers from the DFS,
the firm must borrow from local banks in the home country. However, to finance the
costs of hiring workers from the IF'S, the firm must borrow from international banks in the
foreign country. The grounds for such heterogeneous sources of funds are as follows. First,
Gadanecz (2004), McGuire and Tarashev (2006), Lane and Milesi-Ferretti (2007), and Lane
and Milesi-Ferretti (2008) show that firms tend to borrow funds from both domestic and
foreign banks; i.e., a bank lends funds to both domestic and foreign firms. Second, we also
know the existence of the project finance, that firms borrow funds with many different loan
interest rates at the same time depending on the nature of projects. In this paper, these
project differences are stemming from the types of labor, which is immobile between the
two countries. Since it is assumed that firms must use all types of labor, they borrow from
both local and international banks.?

The structure of the exchange rate risk sharing is as follows. Domestic firms borrows
& x 100 percent of loans in their own currency from international banks in the foreign
country. Thus, the exchange rate risk is shared by the firm in the home country and the

international banks in the foreign country with £ and 1 — &.

2.2.1 Cost Minimization

Firms in both the home and foreign countries optimally hire differentiated labor as price
takers. This optimal labor allocation is also carried out through two-step cost minimization
problems. Domestic firm f hires all types of labor from both the DFS and IFS groups.
When hiring from the DFS group, v portion of the labor cost associated with labor type

h is financed by borrowing from the local bank h. Then, the first-step cost minimization

9The same structure is assumed for employment in Woodford (2003).

10



problem on the allocation of differentiated labor from the DFS is given by

min [y (] (1) )3,

subject to the subindex regarding labor from DFS to firm f:

€

L (f) = [(i) /On L (h, f) 5 dh] B , (15)

where 7(h) is the loan interest rate applied to employ a particular labor type h applied

o =

to differentiated labor supply. There l;(h, f) denotes type of labor A employed by firm f.
The local bank h has some monopoly power over setting loan interest rates. The relative

demand on differentiated labor is given as follows:

[1 + YTt (h)] Wt (h) }E 7 (16)

i (h, ) = %Lt { 5
where )
0 = {jl [t oy dh}” | a7)

Then, the first-step cost minimization problem on the allocation of differentiated labor

from the IF'S is given by

. ! Sti1 — _ _ _
ltf(rzlf})é [St§ + (1 - f)} [1 + 7 (h)] wy (h) ly (h’ f) dh,

subject to the subindex regarding labor from DFS to firm f:

L(f) = [(lfn)

where £ is a ratio of borrowing the loan by own currency. Through a similar cost mini-

e—1

o [=

/1zt ()= dh

mization problem, we can derive the relative demand for each type of differentiated labor

from the IFS as

L [[Brera-o] D @] w @)

L (f) — : (18)

) - 5

where

1
1—e

0= [tera-o] {1 [Hirm@w @y} )

11



According to the above two optimality conditions, firms optimally choose the allocation
of differentiated workers between these two groups. Because firms have some preference n
to hire workers from the DFS and (1 —n) to hire workers from the IFS, the second-step
cost minimization problem describing the allocation of differentiated labor between these
two groups is given by

min Q¢ Ly (f) + QLy (f)
L, Lyt

subject to the aggregate labor index:

N 2100 YO
L (f) = wn (-

(20)

Then, the relative demand functions for each differentiated type of labor are derived as

follows:
-1
Lo (f) = nL0 () (g) , (21)
—~ -1
Lo(f) = (1— ) () (g) , (22)
and

O, = ora, " (23)

Therefore, we can obtain the following equations:

e N AT} (24)

and

Qt Qt
from equations (16), (18), (21), and (22). We can now clearly see that the demand for each

W f) = { [1+ 37 (B)] we (B) } (9) 5., (25)

differentiated worker depends on wages and loan interest rates, given the total demand for
labor.
Finally, by the assumption that firms finance part of the labor costs by loans, we can

derive

[1 4+ yre(h)] we (h) }_6 <Qt) -1

i ) = (1) (0, ) = e ) { 52 L(f).

2

12



and

[Sre+ (1 -9] [+t M w @) /a,

o (5. ) = o (7 = (2) mon

qt (h, f) and ¢ (E, f) denote the amounts of loan borrowed by firm f to the labor types h
and h, respectively. These conditions demonstrate that the demands for each differentiated
loan also depend on the wages and loan interest rates, given the total labor demand.

We can obtain similar conditions for the foreign country.

2.2.2 Price Setting (Profit Maximization)

In this paper, to understand the role of international staggered loan contracts, we do not
assume any price rigidities. Therefore, each firm f resets its price p; (f) and p; (f) to

maximize the present profit, which is given by

(L+7)pe (f) e (F) + (L+7) Spy () 6 (f) = e (f)

where 7 is the rate of subsidy, S; is the nominal exchange rate and is the sales subsidy to
eliminate the monopolistic rents in the steady state.!” By substituting equations (3) and

(4), we can obtain

1 O Py \ 7! 1] " /PNt L <~
(I+7)pe(f) B [p]tgii)} < g’t> Cit+(1+7) Sipt (f) 5 p;)}ilf) < ]_%’t> Cy =L (f)-
) ,t
The optimal price setting is given by
c—1 = ALy (f)
(1+7—) pt(f)iQtaCt(f),

where we use equation (3). By further substituting equations (9), (10), (17), (19) and (23),

the above optimality condition can be now rewritten as

1=(1+7) Z, (26)

c—1

10 A is standard with new Keynesian models, fiscal policy eliminates the steady-state markup from goods

production.

13



where

~ 1-¢ ==
i e Vil®) R OLi(h)
R {[”’“(h”a—l 0o (C) () act<f>} .

1—n| S =1 Uc (Cy) pe(f) Oct (f)

because without nominal rigidities,

Py =pi(f).

By log-linearizing equation (26), we can derive

O1 R+ OBy, + e+ (1—n)€ (1o =77 ) = 0, (27)

Y(1+Rss) and O = (1 —n) 7(1+Rss)

where we use equation (13) and ©; = n T Ras T Ras

are positive

parameters, and under symmetric equilibrium, the aggregate real marginal cost is given by

n 1 o
mct:/0 mct(h)dh—f—/n mce(h)dh, (28)
where _
_ P Vil (h)] 0L (f)
me (h) = Py Uc (Cy) 0ce (f)’ (29)
and

~_ P Vil (R)] oLy (f)
mey (h) = Pix Uo (Ch) e (f)” (30)

We here also define the aggregate loan interest rate by local banks in the home country

Rpy and the aggregate loan interest rate by international banks in the home country R,

as
1 n
Rp: = / r¢ (h) dh,
0

n

and

1 Lo
Ry, = / vs () dF.

1—-n
Similarly, regarding the optimal price setting of pf (f), we can derive
me; + O Ry, + O3Rpy — (1 —n*) & (?t _?:) — 0, (31)
where we use equation (13) and O] = n* 3 Ess) 5 g and s=(01- n*)M > 0.

1+vRss 1+vRss

Rp; is the aggregate loan interest rate by international banks in the foreign country and

RY, is the aggregate loan interest rate by local banks in the foreign country.

14

— - ~ l1—¢ 1—¢
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2.2.3 Marginal Cost

Here, we derive the equations for me; and me;. By linearizing equation (20) under sym-

metric equilibrium, we can obtain

~

Et = nft + (1 — TL) Lt.
Because the production function of each firm is assumed to be

w () =1 L], (32)

where f(-) is an increasing and concave function. The aggregate domestic production

function is now expressed as
Yui=f (Lt) .
By log-linearization, this can be transformed into

Vae = p [nle(h) + (1= ) B(R)] (33)

where p = fL Now, by using equations (29) (30), and (33), equation (28) is transformed
f

into
_ n\ o 1~
mey = |0+ — )| Y + —Cr — Py, (34)
7 v
where
_ Py
PHt Pt y
-1
and n = ‘%l and 0 = —fyjfflm. Without nominal rigidities, because the country size is the
Y

same, the demand function is given by
Yig = (1+7) iy Gl (35)

where we use equation (12). This can be linearly approximated as

At the same time, from equation (2),
. 1=
pHt = —iTOTt, (36)

15



where we define

Pry
Toly = ——.
! Py
Therefore, we can rewrite equation (34) as

- 1 ~ 1 —

me; = <+9+n> C’,}/VJr <9+n+1> ~ToT;
v n 7 2
1 = 1\ 1,—~

= < + 0+ 77> Yo + <1 - ) =TTy, (37)

v I v/ 2

where we use the relation of @W = }/}H7t — %C/ﬁ’ ‘.

Similarly, we can obtain the linearized equation for the foreign marginal cost as

1 ~ 1 —
mer = (~+o0+ )W — o+ +1) 70T,
v 7 n 2
1 N 1\ 1 -——
= <+9+n>YF¢—<1—> =ToTy, (38)
v I v/ 2

where we use the relation of CA’,}/V = ?an + %ﬁ ¢+, which can be derived under the specifi-

cation of the Cobb-Douglas aggregator in equation (1).

2.3 Private Banks

There exists a continuum of private banks populated over [0,1]. There are two types of
banks in each country: local banks populated over [0, n) and international banks populated
over [n,1]. Each private bank plays two roles: (1) to collect the deposits from consumers
in its country, and (2) under the monopolistically competitive loan market, to set differen-
tiated nominal loan interest rates according to their individual loan demand curves, given
the amount of their deposits. We assume that each bank sets the differentiated nominal
loan interest rate according to the types of labor force as examined in Teranishi (2007).
Staggered loan contracts between firms and private banks produce a situation in which the
private banks fix the loan interest rates for a certain period. A local bank lends only to
firms when they hire labor from the DFS. However, an international bank only provides
loans to firms when they hire labor from the IFS. The lending structure is shown in Table
1.

First, we describe the optimization problem of an international bank in the home coun-

try. In this case, the exchange rate risk is shared by the firm in the foreign country and

16



Table 1: Lending structure

Local bank International bank

Home country for f to hire h for f* to hire n

Foreign country | for f* to hire h* | for f to hire h

the international banks in the domestic country with 1 — £* and £*. Each international
bank can reset loan interest rates with probability 1 — 5* following the Calvo (1983) — Yun
(1996) framework.!! Under the segmented environment stemming from differences in labor
supply, private banks can set different loan interest rates depending on the types of labor.
As a consequence, the private bank holds some monopoly power over the loan interest rate
to firms. Therefore, the international bank 1" chooses the loan interest rate r; (Fk) to

maximize the present discounted value of profit:

E; i (5*)T_t Xerar,r (E*7f*) { [5;;1 (1-&7)+ f*} [1 +rp (E*ﬂ —(1+ iT)} :
T=t

The optimal loan condition is now given by

(e o]

T—¢ ﬁ UC (CT) % —x% E’yST (1 + iT)
Ethz: o Pr Uc (C) " (h ) + [1 —ey+y(l—¢e)rr (E*ﬂ [S741 (1 = &) + Sr¢T]
(39)

=0.

Because the international private banks that have the opportunity to reset their loan in-
terest rates will set the same loan interest rate, the solution of r; (E*) in equation (39) is
expressed only with 7;. In this case, we have the following evolution of the aggregate loan

interest rate index by international banks in the home country:
1+ Ry =6 (14 Rpg1) + (1-67) (1+70). (40)

By log-linearizing equations (39) and (40), we can determine the relationship between the

"'The staggered loan contracts in this paper work in the same way as the staggered wage contracts
model in Erceg, Henderson, and Levin (2000), but the crucial difference between them is the existence of

international linkages in the international staggered loan contracts model in this paper.

17



loan and deposit interest rate as follows:

EF,t = X;Etﬁﬂtﬂ + X;/RF,t—l + X; Ft -(1-¢) EtAStH] +u;

= MERpi1 + AR 1+ s {f*?t + (1 - 5*)%} + 1y, (41)
h tion (13), M= — 88 _ Xr=_ ¢ g =19 e (1200)(tiss)
where we use equation (13), A 1+(¢*)2/6 9 1+(¢*)25 and Ag 1+(¢*)265 — T Rss

are positive parameters, u; is the shock to this loan rate curve, and igg and Rgg denote
steady state nominal interest rates and loan rates respectively. This equation describes the
foreign country’s loan interest rate (supply) curve by the international bank in the home
countlry.12

Similarly, from the optimization problem of a local bank h in the home country, we can

obtain the relationship between loan and deposit interest rates as follows:

EH,t = >\1Et13~H,t+1 + >\2§H,t71 + Agit + ug, (42)
where A\ = %’ Ao = ﬁ and \3 = li;‘fﬁa_%(l_[i‘féz@d are positive parameters,

and u; is the shock to this loan rate curve. This equation describes the home country’s
loan interest rate (supply) curve by the local bank in the home country. Note that two loan
interest rates, ﬁH,t and ]%F,t, are the same when £* =1, \; = X;, Ay = X;, and A3 = X;,
and us = uy. This is a case of the low of one price in the loan interest rates set by home
private banks.

For international banks in the foreign country, we can derive the following loan interest

rate curve:
Rire = MERig 1 + MaRizy + % [(1- )7 + €57 | + 7 (43)
. <~ ry <~ py ~ s 1-66)(1+i
where we use equation (13), \; = 14?526’ Ay = 14:%6 and \3 = 11&?36%1( 1+)}g55155) are

positive parameters, and u; is the shock to this loan rate curve. This equation describes the
home country’s loan interest rate (supply) curve by the international bank in the foreign

country. Similarly, for local banks in the foreign country, we can obtain

Ry = MEiRp 1 + ARy + A3l + uy, (44)

12WWe assume that this shock is a purely nominal shock, which does not alter the allocations under the

flexible price equilibrium.
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where A\] = %, A5 = H((ZW and \j = ¢, ¢ (U=B¢)(U+iss) are positive

1+(¢*)°pe=1  1t+Hss
parameters, and u; is the shock to this loan rate curve. This equation describes the foreign

country’s loan interest rate (supply) curve by the local bank in the foreign country. It
should be noted that the four types of private bank in both the home and foreign countries

can have different probabilities for resetting their loan interest rates.

2.4 System of Equation

The linearized system of equations consists of eight equations: (27), (31), (37), (38), (41),
(42), (43), (44), and two optimal monetary policies derived in the following sections for 10
endogenous variables: CW, ToT, me, me*, R, Ry, ﬁfq, ﬁi}, 7 and i*.13 Except for the

two optimal monetary policies i and /i\*, the variables are summarized in Table 2. A very

Table 2: System of Equations

Eq. (27): ©1Rpy + O:Ryy, +mey + (1 —n) € @ —?;‘) =0

Eq. (31): O}Rp, + O3Rp, + me; — (1—n*)€* (?t —Q;) =0

Eq. (37): e = (%+9+g) @W+%<9+ﬁ+1>fo\:m

Eq. (38): ¢ = (%+9+g) @W—%(0+g+1)ﬁt

Ea. (41): Ry = MERrp + NaRrer + X [€5 + (1- €5 | + 71
Eq. (42): Rus= MEiRmsi1 + MR 1 + Aaiy + us

Ba. (43): Ry = MERj ey + MaRjp, g + % [(1- 0% + €57+
Eq. (44): Rp, = MERp, q + MRy + Njip +uj

straightforward explanation is possible for this system. Equations (41) to (44) determine
the cost of borrowing, and these combined define the marginal costs in equations (27) and
(31). The aggregate consumption and the terms of trade are solely determined by these

marginal costs as in equations (37) and (38).

131 we further add equations (8), (11), (12) and (14), we can derive the optimal responses in 7, 7*, and

S as shown in figures below.
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3 Welfare Analysis

3.1 Preference

We assume that U(-), U*(-), V(:) and V*(-) are isoelastic functions as

1

X%
UX) =V (X) = T—¢
and
X1+7]
V)= V) =T

where v is the intertemporal elasticity of substitution in consumption and 7 is the Frisch
elasticity of labor supply.'* In the following analysis, we assume v = 1, namely the
log utility, and the linear production function as Yg; = Et and Yp; = ZNL;" . We choose
this parametric assumption since we would like to solely focus on the implications of an
internationally integrated financial market and its intrinsic frictions for the monetary policy.
As already shown in Obstfeld and Rogoff (2002), Clarida, Gali, and Gertler (2002), Benigno
and Benigno (2003), and Corsetti and Pesenti (2005), under the assumption of the log utility
together with the Cobb-Douglas aggregator in equation (1), the optimal allocations under
cooperative monetary policy coincides with those under noncooperative monetary policy
when there is no international loan contracts. Furthermore, the inward-looking monetary
policy that responds only to the domestic variable becomes optimal and there is no gain by
targeting the exchange rate. The reason behind this optimality of independent and inward-
looking monetary policy is as follows. There exists no direct effects of foreign activities
on the domestic marginal cost since the terms of trade and risk sharing effects cancel.
Mathematically, under the log utility function with v = 1, the terms of trade disappear in
equations (37) and (38). As a result, each central bank has no incentive to manipulate the
exchange rate, namely the terms of trade, so that it can shifts the burden of production
to the foreign country. Hence, by having such parametric assumption as above, we can
investigate whether the newly introduced international financial market imperfections has
some new implications, which has not been studied, on the monetary policy cooperation

and the exchange rate targeting.

14 Uc

_ Vil
v UccC

v

and n =
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3.2 Noncooperative Allocation

We derive a second-order approximation to the welfare function for each country following
Woodford (2003). To eliminate the linear term in the quadratic approximation in the
noncooperative allocation stemming from the difference between consumption and output
in open economies, we follow Clarida, Gali, and Gertler (2002), where output and the
policy interest rate in the foreign country is assumed to given for the home central bank
and fiscal authority sets the optimal subsidy in the noncooperative manner.'> Furthermore,
as is standard in the New Keynesian models for the cost push shock, we assume that the
shocks to the loan interest rates do not alter the output in the flexible price equilibrium.
The details of the derivation is shown in the Appendix.

The consumer welfare in the home country is given by

< "y () Ll () ]
EoS 4 |log(Cy) — [ Y —qp— [ X gp).
o2 e | /

1+n I+n
Then, we have a second-order approximated loss function for the home country as follows:

~ ~ ~ 2 ~ ~ 2
Lo~ My Vo +Am (Bea— Ruer) + X (Rige — Biasy) (45)

+AmH (elﬁH,t - GQEE,t - §7>2 :

_otl y o [v(+Rss)]? ¢
where \y,, = 5=, Ay = n[ 1+7R‘;§ } ane DL

- (1+Rss)]? 3 _ 1
Aip = (1 =n) [vlﬂRiz } T (1-9)(1-98) and A = n (1= 1) gy

There are several intriguing points to be noted. First, the central bank has to stabilize

the financial market as captured by the last three terms in equation (45). The central bank
dislikes the dispersions in loan rates from both the home and the foreign banks, as the
second and the third terms of loan rate fluctuations and the last term of the credit spread
illustrate. Second, the existence of the policy interest rate in the last term implies that the

central bank has an incentive to stabilize the nominal exchange rate. This is because if the

15This problem does not occur under the strict parametric assumption as employed in Obstfeld and
Rogoff (2002) and Corsetti and Pesenti (2005) where analytical solution of optimal monetary policy is
available. Anther method to eliminate the linear term in the quadratic approximation is found in Benigno
and Benigno (2003). We will show that under some special conditions, since the financial stability becomes
independent optimal monetary policy, we can derive the optimal noncooperative monetary policy following

Benigno and Benigno (2003).
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firms are not free from the exchange rate risk, the central bank has an additional incentive
to stabilize nominal exchange rate to reduce it to lower the marginal cost. Third, the
heterogeneity in the financial market makes the monetary policy complicated. The central
bank faces a trade-off in the international financial market with different speeds of loan rate
adjustments. For example, when there is no asymmetry in loan rates which domestic firms
face with respect to structural parameters and size of shocks, namely A\ = X’{, Ao = X;,
A3 = X;, n = 0.5, and u; = u;, and domestic firms are free from the exchange rate risks,
namely £ = 0, the credit spread term is disappeared and the loss function in equation (45)
is reduced to

~ o . 2
Ly~ )\YHYEI,t + A (Rt - Rt—l) )

where ﬁt = ]?iH,t = ﬁ?—[t and A = Ay = A\}j. Forth, the central bank in the home country
needs to monitor the lending behavior of private banks in the foreign country. As the
second term in equation (45) shows, as the speed of the adjustment in loan rates of the
foreign private banks changes, the optimal path of the policy interest rates set by the central
bank in the home country should also be altered. When there is not the international loan
contracts, i.e., n = 1, the central bank does not take account of the loan rates set by the
foreign private banks.

The optimal monetary policy in this situation aims at minimizing the home loss function
subject to the equations (27), (42), and (43) as in the closed economy model. We will come
back to this point in the following section.

Through a similar procedure, we can derive a second-order approximated loss function

for the foreign country as follows:

~ —~ —~ 2 —~ —~ 2
Li ~ M Yi,+Ap (RF,t - RF,t—l) + A (R},t - R},f,_l) (46)

~ ~ ~\ 2
+Xip (07 Rey — O3Rp, + 7))

_ontl g = ¢ [104Rss)]? 0"
where )\YF = nT’ )\F =N [ 1+7R§§ i| 1_5775 I=6)(1-¢"0)°

* * ’Y(1+RSS) 2 5*
AR = (1—n%) [ 1+vRss } 1f775 (1-¢")(1-4"8)’ and

App = n*(1 — n*)ﬁ The optimal monetary policy in the foreign country minimizes

this foreign loss function subject to the equations (31), (41), and (44).
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3.3 Cooperative Allocation

Similarly, we can derive the world loss function which the central banks in policy coop-
eration aim to minimize.'S In the case under noncooperative monetary policy, we follow
Clarida, Gali, and Gertler (2002) and compute the optimal subsidy under cooperative fiscal

policy. The derived loss function is give by

LYV = L+ L; =M\, Y, + M\ YA, (47)
—~ ~ 2 —~ —~ 2 —~ ~ o~ 2
+Ag (RH,t — RH¢71> + )\E (RF{,t — R?{,t—l) + AHH [@1RH¢ — GQRZM —¢ (Z — Z*>]

~ —~ 2 ~ ~ 2 ~ —~ o~ 2
+Ar (Rre = Rrgo1) + Xp (Bie = Riuer) + Xer |O1Rpy - O5Rp, + ¢ (1-7)]

Note that nothing is given in this loss function under the cooperative monetary policy.
Similarly to the case with noncooperative monetary policy, the central banks in cooperation
aim at minimizing the world loss function subject to the equations (27), (42), (43), (31),
(41), and (44).

3.4 Welfare Weight

Here, we show how the weights, namely Ay and Agpy as the ratio over Ay, , in the social
loss function given by equation (47) change as the parameters for financial openness n and
loan rate stickiness ¢ are altered. We aim at understanding whether the financial market
integration under a heterogenous degree of financial market imperfections alters the nature
of optimal monetary policies. We use the parameters in Table 3, most of which are from
Woodford (2003).

Figure 2 shows the case with changing n. Here a larger n means lower financial openness.
Under symmetric assumptions except for the altered parameters between the two countries,
Ay, does not move with changes in n and ¢. Ag, which measures the importance of the
welfare loss stemming from the loan rate stickiness of the domestic (foreign) banks’ loan to
domestic firms, naturally increases (decreases) as the financial dependency on the domestic
(foreign) banks becomes larger (smaller). Although the loss from the relative marginal cost

dispersion measured by Ay g is very small under the assumption of ¢ = ¢ = ¢* = a* = 0.5,

YFor details, see Appendix.
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Table 3: Parameter Values

Parameters Values Explanation

I} 0.99 Subjective discount factor

v 1 Dependence on external finance

€ 7.66 Elasticity of substitution among differentiated labor

n 1 Elasticity of the desired real wage to the quantity of labor demanded
0 0 Elasticity of marginal cost with respect to y regarding production

1 1 Elasticity of the output to additional labor input

v 1 Intertemporal elasticity of substitution

o 7.66 Elasticity of substitution among differentiated goods

b, 0", b, ¢ 0.5 Calvo parameters for loan interest rates

n,n* 0.5 Preference for DFS labor

the response for the changes in n is non-monotonic. The term <@1]§H7t — @gﬁj‘q’t)? is the
loan rate difference between borrowings from domestic and foreign banks. In extreme cases
where n = 1 or 0, there is no such dispersion. With n being between 0 and 1, the relative
marginal cost dispersion stemming from borrowing exists, and it becomes largest when
n = 0.5. This distortion becomes relatively important when there exists less stickiness in
the loan contracts as Figure 3 below shows.

Figure 3 illustrates the case when the loan stickiness in domestic banks’ lending is
increased. Naturally, Ag becomes larger as the loan rate stickiness of the domestic banks is
increased, because this makes the relative loan rate dispersion among domestic firms larger.
An important implication of this exercise is that asymmetry in the loan rate stickiness
between domestic and foreign banks alters the weights in the social loss functions and may

have significant implications for the optimal conduct of monetary policy cooperation.
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Figure 2: Loss Weights with Different n.
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Figure 3: Loss Weights with Different ¢.
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4 Financial Stability as Optimal Monetary Policy

We investigate the properties of the optimal monetary policy under internationally inte-
grated financial markets. As equations (45), (46) and (47) show, the financial stability
means to minimize the dispersions among different loan rates. By minimizing the disper-
sions in loan rates, the central bank tries to reduce the markup fluctuations so that the
disutility from labor of consumers is also lowered. Thus, as a general principle, in the

absence of the distortions other than the staggered loan contracts, we have

Proposition 1 Irrespective of the existence of the cooperation, central banks aim at achiev-

ing the financial stability.

Yet, whether the financial stability is always the sole target by the central bank de-
pends on the assumption about model structures, namely parameters and shocks. Another
interesting question is whether we can obtain the standard results in NOEM literatures
as the optimality of the inward-looking and independent monetary policy with the flexible
exchange rate.

Before showing other propositions, for convenience, we rewrite the optimality conditions
in Table 2 by lag (L) and forward (F) operators and substituting them into loss functions.

Then, equations (45) and (46) collapse to

2
u+)4@u1—MF—MLxﬂu+m)

)
Li = Ay +(1+n)7"02(1—MF =L)X [(1— £) s + Eiy + Ut} (48)
+(1—n) <zt —A;f)
)

(11 % (7t ) (1-D% [0 -7+ &+

+A + A1
T TN F — ML " 1—X\F — XL
N _ —~ ~ 2
\ o A3 (it-i-ut) @/\3 [(1—5)2'15-1'52':‘1‘@} o
A Elheyv ey il e oo o G B 08
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where ¢ is considered to be given, and

N 2
G+WY{®H1—HF—AﬁQ%(ﬁ+uﬂ
L = dweq +(+n7'05(1-NF-XL) % [¢5 + (1-€)F + 5] (49)
-(1-n")¢" Gs-%f)
% [ 2 —x o e . 2
\ O—JJ%<G+UQ - (1—Dkgku+{1—f)ﬁ+uﬂ
+ * * + <k —*
FIT1ToNF-NL F 1 NF—nL
o8 [ N 2
N O ] G I R e ] e (i-7)
T T V'F — \*T ~* == + 1—1 ,
Sl RSP ISP 1—NF — L

where 4; is considered to be given. Furthermore, naturally,
LY =L+ L},

where no endogenous variables are considered to be given. By this transformation, we
can analyze the nature of optimal monetary policy in internationally integrated financial

market more intuitively.

Proposition 2 FEven under the internationally integrated financial markets, where banks
lends both domestic and foreign countries, there is no gain from cooperation among central

banks if the exchange rate risks are completely covered by banks, i.e., £ = £* = 0.

When ¢ = & = 0, the international banks take all risks stemming from exchange
rate fluctuations. As a result, equation (48) does not contain the foreign policy interest
rate and wvice versa. Then, each central bank does not have any incentive to manipulate
nominal exchange rates so that firms in her country does not suffer from exchange rate
risks. Therefore, in this situation, as long as we assume the log utility, the linear production
function and the Cobb-Douglas aggregator as in Obstfeld and Rogoff (2002), and Corsetti
and Pesenti (2005), the existence of financial market imperfections does not alter the
optimality of independent monetary policy. It is worth mentioning the reason why the
domestic central bank does not need any assistance from the foreign central bank, even
though some portion of lending are from the foreign banks whose cost is the policy rate

in the foreign country. This is because of the UIP condition. For the foreign international
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bank lends to the home firms, the cost including the all risks in exchange rate fluctuations
becomes the domestic policy interest rate, as equations (42) and (43) illustrate. Even
under complicated financing as we can see as of now, as long as the exchange rate risks
are completely covered by the lending banks and the UIP conditions hold, the domestic
central bank can completely control the loan rates from the foreign international banks.

Thus, we can also have

Proposition 3 Optimal monetary policy is inward-looking, if the exchange rate risks are
completely covered by banks, i.e., £ = & = 0. Each central bank aims at stabilizing loan

rates applied to firms in her country by manipulating the policy interest rate.

Consequently, as long as £ = £* = 0, we can derive the standard theoretical prescriptions
on optimal monetary policy in open economies as independent policy with flexible exchange
rates.

Anther intriguing point is whether the complete stabilization of loan interest rates is
possible. In other words, can monetary policy achieve zero social loss? Equations (48) and

(49) clarify this point. By setting the policy interest rates as
it = —up = —Ty,

and

ko * _ ——k
U = TU = Uy,

the social losses in both countries become zero. Expected changes in exchange rate moves
in accordance with above two monetary policy following the UIP condition in equation
(13). This, however, does not cause any welfare deterioration since any movements in
nominal exchange rates do not have any impact on the marginal costs in both countries.

Then, we can have

Proposition 4 When the exchange rate risks are completely covered by banks, i.e., & =
€ = 0, and the economic structures (parameters) are the same between two countries,
complete stabilization becomes possible regardless of noncooperative or cooperative if firms

in one country face the same size of loan rate shocks, namely us=u; or uy =u;.
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In this case, since attaining the complete financial stability is optimal and possible, we
can also derive the optimal noncooperative policy following Benigno and Benigno (2003).

When 0 < &, £* < 1, the international banks and the firms share the risks from the
exchange rate fluctuations. Interestingly, although the setting of this paper is the same as
the previous studies for the optimality of independent and inward-looking monetary policy,
there exist gains from cooperation. As shown in equations (48) and (49), both contains
the uncontrollable policy interest rate set by the central bank in the opposite country.
Since the monetary cooperation can internalize all the policy interest rates, it can attain
higher social welfare in both countries than two independent monetary policy. Thus, the
below is very much a new feature in the literatures on the optimal monetary policy in open

economies.

Proposition 5 When the risks from the exchange rate fluctuations are shared between the

international banks and the firms, i.e., 0 < &, £ < 1, there exist gains from cooperation.

When 0 < &, £* < 1, firms suffer from the future exchange rate fluctuations and there-
fore the marginal cost becomes higher than when they are free from any exchange rate
risks. In order to lower the marginal cost to increase the social welfare, the central bank
without cooperation faces the trade-off between stabilizing the financial market imperfec-
tions and nominal exchange rates. This mechanism is similar to the case for the fixed
exchange rate under the local currency pricing as analyzed in Devereux and Engel (2003)
and Corsetti and Pesenti (2005). Under the local currency pricing, since exporting firms
face the exchange rate risks, they set higher markups than under the producer currency
pricing. Although firms end up with higher markups due to the exchange rate fluctuations,
the exchange rate risk affects the marginal cost through the demand channel in our paper

instead of the supply channel under the local currency pricing. As a result, we also have

Proposition 6 When the risks from the exchange rate fluctuations are shared between the
international banks and the firms, i.e., 0 < &, & <1, there exist gains from joint nominal

exchange rate management.
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5 Discussion

Many studies and data show that firms and governments borrow money in foreign currency,
i.e., foreign currency denominated debt. For instance, Claessens, Klingebiel, and Schmukler
(2003) show that some parts of government debt are issued by foreign currency. They report
that this tendency is stronger in emerging countries, like Argentina, Mexico, and Brazil,
than in developed countries, like United State, Japan, and Italy. Jeanne (2002) reports that
the firms borrow large part of debt in foreign currency in emerging countries. The ratio of
foreign currency borrowing to total debt is around 60% in Argentina, 40% in Mexico, and
20% in Brazil. Rosenberg and Tirpak (2008) show that the new member states of the euro
largely rely on the foreign currency borrowing. Surprisingly, the ratio of foreign currency
debt to GDP is 70% in Latvia and Estonia and 30% even in Hungary and Bulgaria, for
example.

Along with our conclusion, these empirical facts imply that the cooperative monetary
policy can improve the world welfare to the financial market disturbances. This is not
surprising implication since each central bank can not escape from the monetary policy of
other countries when the exchange rate risks are shared by countries and the productive

activities depend on the monetary policy of foreign countries.

6 Conclusion

In this paper we have built up the NOEM model with the international financial frictions
and have analyzed the optimal monetary policy. We show that the central banks should
stabilize the international financial disturbances under the financially open economy. There
the heterogeneity in the international financial markets makes the monetary policy very
complicated. For the equivalence between cooperative and noncooperative allocations, the
international exchange risk sharing is an additional key condition. Only when one country
takes all risks on the exchange rate, two allocations are coincidence.

Our future research agenda is first to incorporate sticky prices as in Clarida, Gali, and
Gertler (2002) and Benigno and Benigno (2003) so that we can quantitatively investigate

a policy trade-off between the goods and financial markets. In particular, we would like
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to obtain robust policy prescriptions, as in the form of the Ramsey optimal policy, in an

economy under global banking in a more realistic situation.
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Appendix

A Derivation of the Loss Function

In this section, we derive a second-order approximation to the welfare function following

Woodford (2003).
A.1 Noncooperative case
The consumer welfare in the home country is given by
Bo> " {veo- [viman- [ R0 i} (50)
t=0 n

The first term of equation (50) can be approximated up to the second order as

U (Cy) =CU, {@t + %(1 - vl)af] + t.i.p. + Order (|| £ ||?), (51)
where Order(” 19 ||3) expresses higher-order terms than the second-order approximation.

The second and third terms of equation (50) are also approximated as

i/onv LMk = TV [Et +o B+ g (n + i) varyly (h)] (52)

+t.i.p. + Order (” £ HS) ’

and

1

1—n

1 _ _ _ = 1 ~2 1 1 ~ —
+t.i.p. + Order (|| £ ||*) . (53)
Here, we use the labor aggregator as in equation (15) in the second-order approximation
such as

PO le—1
L = Exly (h)+§E

varpl; (h) + Order (|| € ||%).
This combined with equations (52) and (53) yields

1
n

/ V [l (h)] dh + / V[l (h)] dh o
0

= =2 n,-7)
_oy| DrLeen0-nie(L-L)
+2 (n+ L) varply () + 152 (n+
+t.i.p. + Order (H § ||3) ’
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where we use the approximation for equation (20). From equation (32), the condition that

the demand of labor is equal to the supply of labor is given by

1 1
T o T _ —1
L= /0 Lo (f)df = /0 5 e () df,

whose second-order approximation becomes

= 1o 1 1\ 1 /4 2 3
B ) 5 (103 5 (e e)” 0t (le®)

By substituting this, we can now transform equation (54) into

n 1
/ V [l (b)) dh + / V[, (B)] dh (55)

0 n

Yie+3 (1 +6+ g) Y2,
= CU, +2u(n+L)varpInly () + 1520 (n+ 1) varg Inl, ()
—~ —~ o~ 2
1 (1= n) gty [@1RH,t —OuRy, ¢ (z - z)}

+t.i.p. + Order (|| £ |I?),

where we use the following:

~

Et — Zt = {@1&[{’15 — Gzﬁj(q’t — 5 (/Z\—/Z*>] —n (Et — Zt) s
which are derived using equations (9), (10) (16), (17), (18), (19), (21), and (22). Further-
more, following Clarida, Gali, and Gertler (2002), we replace %EVZ by %6UG thanks to the

social planner’s optimization problem.!”

Then we can combine equation (51) and equation (55) as

I1—vHC?+ G

_ V=3 (1404 2) V3, + (04 1) aVy
—gmvary Inly (h) — 177"7)lvarﬁln l; (E)

| () gt [01Re — 028, € (1-7)] |

+t.i.p. + Order (|| € [I?),

where 1, = p(n+¢7!). To transform varply(h) and V&I‘EE(E) further, we use the optimal

conditions of labor supply and demand functions given by equations (9), (10), (24) and

"The social planner optimizes the following problem:

— —1
maxcny(C’) —V(L)st. C= " (Yp)% , where YF is exogeneously given.
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(25). Approximation of these equations leads to

vary Inly (h) = Evary, In [1 4 r¢ (h)] + Order (|| € [|?)

and

vary, Inly (h) = Z*varzIn [1 +r(h)] + Order (|| £ |I?),
where = = @2(1;26)2 and E* = (©*%)? ﬁ Then, equation (56) is further transformed
into

—%(1 — Uﬁl)af — 6,5
1 +Ye+ 3 (1+60+ 1) Y2
v, = -5CU. 1 2A< ﬁ) 2 (57)
—+n (1 — n) m |:@1RH7t — @2R*H,t - § (Z - Z*>:|
| +nn,vary, In[1+ 7 (h)] + (1 — n)nyivarg In [1+ 7 (R)] |

+.ip. + Order (] € [*),

€
1+ne”

where 7, = En; = u0 and 0¥ = 2%, = 1 (O9)? Here, we also assume that

2_ e

11+ne
the central bank aims at stabilizing the deviations from the nonstochastic efficient steady
state. The remaining important part is to transform varyIn [l + 7, (h)] in equation (57).

Following Woodford (2003), we define Ry, and Af as
EH,t =EpIn[l+r (h)],
and
AR =var, In[1+ 7 (R)].
Then, we can derive

— — 2
AR = AR 4 lg_ﬁé (Ruy — Rue—1)"- (58)

Furthermore, the following is also derived from the log-linear approximation:
Ry =In(1+ Rp) + Order(|| € |?), (59)

where we make use of the definition of the aggregate loan rates:

Y qu(h)
0 Qt

14 Ry = [1 4 r¢(R)] dh.
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Then, from equations (58) and (59) we obtain

~ . 2
Aﬁ = ¢Aﬁ_1 + 1i5¢ (RHﬂg — RH,t—l) , (60)
where
~ 1+ R
Ry =In 2
1+ Ry

The forward iteration of equation (60) leads to

t
A=l 30 (1 20) (Rue = Raea)
s=0

Then, we have

o0 R_ ¢ o . N 2 )
;a%t iy (1_¢ﬁ);5t (Rua— Ruer) +tip+Order(| € ). (61)

Then, we have

N ~ . 2 ~ ~ 2
AYy YPQI,t + AH <RH,t - RH,t71> + Au (R}k'{,t - R?J,t—l)
~ N N2
+A\gH (@1RH,t — 2Ry, — &') )

where we assume parameters in Table 3 and the given foreign output and policy rate. We

Ug=—-A +t.i.p.4+Order (]| € ||?),

have similar procudures to derive the loss function of the foreign country under noncoop-

erative allocation.

A.2 Cooperative case

In this case, the following conditions are newly necessary.

(1) the output in abroad is not given for two countries,

(2) following Clarida, Gali, and Gertler (2002), we replace %ZVZ by CU, thanks to the
8

social planner’s optimization problem.!

Then, the world loss function L}V = L; + L} is given by

L}f/V = Li+ L: = AYH?EI,t + AYF}/}F%t
~ ~ 2 ~ —~ 2 —~ ~ o~ 2
i (RHJ - RH,t_1> Y (R;Lt - R;Lt,1> - [@1RH¢ — Ry, — € (z - z)]

~ ~ 2 —~ —~ 2 —~ —~ o~ 2
FAF (Rp,t - Rp,t_l) N <R}7t - R},t_l) + Nop [@’;Rm — O3 Ry, + € (2 . z)} .

8 The social planner optimizes the following problem:

Sl A P
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