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Abstract

We analyze the fluctuation in inflation and nominal exchange rate under optimal
monetary policy with local currency pricing, by developing a two-country model
belonging to DSGE with local currency pricing and comparing fluctuations under local
currency pricing with fluctuations under producer currency pricing. Although preceding
DSGE literatures assuming producer currency pricing show that stabilizing domestic
inflation is optimal from the view point of minimizing welfare costs, we show that
completely stabilizing consumer price index inflation is optimal from that view point. In
addition, we show that completely stabilizing consumer price index inflation is
equivalent with completely stabilizing nominal exchange rate.
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1. Introduction

While new open economy macroeconomics (NOEM) try to analyze optimal exchange
rate regime, dynamic stochastic general equilibrium (DSGE) literatures discuss optimal
monetary policy. Roughly speaking, NOEM has the policy implication that flexible
exchange rate regime is optimal from the view point of maximizing social welfare which
is equivalent to minimizing welfare costs, if firms set their prices following producer
currency pricing (PCP) while fixed exchange rate regime is optimal if firms set their
prices following local currency pricing (LCP). Some DSGE literatures assuming an open
economy have policy implication that stabilizing producer price index (PPI) inflation
which is equivalent to domestic or GDP inflation is optimal from that view point. Some
DSGE literatures assuming an open economy assuming PCP and those do not have
attention to price setting behavior except for few papers. NOEM and DSGE literatures
have not still reconciled in policy implications in an open economy and there is enough
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room to discuss optimal monetary policy under the LCP.

To analyze the sort of inflation rate which should be stabilized under the LCP and
reconcile policy implications derived by NOEM and DSGE literatures, we develop a
two-country economy model under the LCP belonging to DSGE and study the fluctuation
not only in inflation but also in nominal exchange rate. Although some DSGE literatures
assuming an open economy under the PCP show that stabilizing PPI inflation is optimal
from the view point of minimizing welfare costs, we show that completely stabilizing
consumer price index (CPI) inflation is optimal from that view point. In addition, we
show that completely stabilizing CPI inflation is equivalent with completely stabilizing
nominal exchange rate under the LCP.

Now, we review some preceding papers to show the importance of our aim to study
the sort of inflation rate which should be stabilized under the LCP and reconcile policy
implications derived by NOEM and DSGE literatures in this paper. By developing not
only PCP but also LCP model following NOEM, Devereux and Engel (2003) discuss the
optimal exchange rate regime from the view point of welfare maximization and show
that fixed exchange rate regime is desirable under the LCP although floating exchange
rate regime is desirable under the PCP. Their finding is not trivial but important because
conventional papers show that optimal monetary policy in an open economy requires
exchange rate flexibility. However, because of inwardness of NOEM, they cannot show
effects on price stability with fixed exchange rate regime under the LCP. Hence they do
not provide what kind of inflation rate should be stabilized following Woodford’s (2001)
motivation.

Gali and Monacelli (2005) show that optimal monetary policy in a small open
economy is consistent with domestic price inflation targeting. Although they do not
mention explicitly, they assume the PCP. In addition, they compare three policy regimes,
PPI inflation based and CPI inflation based Taylor rules and fixed exchange rate regime
and show that PPI inflation based Taylor rule brings the closest macroeconomic
volatility from macroeconomic volatility brought about by optimal monetary policy
among those three regimes.! Their policy implication is also important because their
policy implication implies that outcome of optimal monetary policy is not fundamentally
different from the one of the closed economy. While they do not highlight the firms’
price setting behavior, Gali and Monacelli (2005) imply that PPI inflation targeting is
optimal under the PCP. In addition, they comply Woodford’s (2001) motivation.

Somehow, some DSGE literatures do not focus on the firms’ price setting behavior and
those assume the PCP. There are few DSGE literatures focus on the firms’ price setting
behavior. Based on Gali and Monacelli (2005)’s model, Monacelli (2005) introduces
exporters whose price setting behavior can be regarded as the LCP and analyze
monetary policy in a low-pass through environment. He can show that outcome of
monetary policy is quite different not only from canonical papers but also Gali and
Monacelli (2005) who implies that stabilization in the PPI inflation achieves stabilization
in output gap simultaneously. Because of low of one price (LOOP) gap, the analysis of
monetary policy of an open economy is fundamentally different from the one of a closed

1 Correctly, Gali and Monacelli[5] dub not PPI inflation based Taylor rule but domestic inflation based Taylor rule.
However, the definition of their domestic inflation is consistent with our definition of the PPI inflation.



economy. While he focuses on important point, he cannot comply Woodford’s (2001)
motivation. He does not reply what kind of inflation rate should be stabilized under such
a low-pass through environment stemming from LCP and cannot reconcile policy
implications derived by NOEM and DSGE literatures while he shows importance of
commitment on the monetary policy. Another few DSGE author is Okano (2007) who
shows that CPI inflation targeting stabilizes output to changes in demand shock by
utilizing a two-country economy model under the LCP. Although his paper is insightful,
he failures to show clear policy implication on CPI inflation targeting to changes in
productivity shock and he does not derive microfounded loss function which stems from
second-order Taylor expanded utility function alike with Monacelli (2005). Hence, it
cannot be said that Okano complies Woodford's (2001) motivation. In addition, he
cannot derive clear policy implication on fluctuations in the nominal exchange rate
under the CPI inflation targeting under the LCP and cannot reconcile with Devereux and
Engel (2003)’s policy implication. It is quite obvious that analyzing optimal monetary
policy following DSGE under the LCP to comply Woodford’s (2001) motivation and
reconcile Devereux and Engel (2003)’s policy implication.

As mentioned above, our aims in this paper are finding the sort of inflation rate which
should be stabilized under the LCP and reconciling policy implications derived by NOEM
with DSGE literatures. To achieve our aims, we develop both the LCP and the PCP model
which assume a two-country. We derive well microfounded loss function under both the
LCP and the PCP, stemming from second-order Taylor expanded utility function
following Woodford (2003) and Gali (2008). We assume that central banks in two
countries solve optimization problem under both the LCP and the PCP and impulse
response functions (IRFs) are calculated. We calculate IRFs under the special case in
which the relative risk aversion and the elasticity of substitution between goods
produced in both two countries are unity and under the general case in which the
relative risk aversion and the elasticity of substitution between goods produced in both
two countries are 3 and 4.5, respectively.Z Note that those elasticity settings in the
special case is consistent with Gali and Monacelli’'s (2005) setting and those elasticity
settings in the general case is consistent with Benigno and Benigno’s (2006). To
compare with the result on Gali and Monacelli (2005) and to discuss optimal monetary
policy on general parameterization, we analyze both two cases. Because we are
interested in macroeconomic volatility which affects on the welfare costs based on
second-order approximated utility function and are interested in nominal exchange rate
volatility under the PCP and the LCP, we calculate macroeconomic volatility including
the nominal exchange rate varying the relative risk aversion and the elasticity of
substitution between goods produced in both two countries. Finally, we calculate
welfare costs varying the relative risk aversion and the elasticity of substitution between
goods produced in both two countries.

Now, we mention our results as follows. First of all, we show that optimal monetary
policy under the LCP brings no fluctuations not in the PPI inflation rate but in the CPI
inflation rate. Roughly speaking, optimal monetary policy under the LCP is the CPI

2 The relative risk aversion and the elasticity of substitution between goods produced in both two countries are often
dubbed the intertemporal elasticity of substitution and the intratemporal elasticity of substitution, respectively.



inflation targeting. This result is quite different from the result on Gali and Monacelli
(2005). Our result is confirmed by IRFs, volatility on the CPI inflation and loss function
stemming from second-order approximated utility function. Interestingly, the quadratic
terms of CPI inflation rate appear our loss function and replace the quadratic terms of
PPI inflation under the LCP, although the quadratic terms of PPI inflation appear in our
loss function under the PCP alike with Gali and Monacelli (2005) and Benigno and
Benigno (2006). Next, we can reconcile with Devereux and Engel (2003) because there
are no fluctuations on nominal exchange rate under the LCP. Roughly speaking, optimal
monetary policy under the LCP is consistent with fixed exchange rate regime and that is
shown by Devereux and Engel (2003). In addition, this result is not depending on the
relative risk aversion and the elasticity of substitution between goods produced in both
two countries. That there are no fluctuation on nominal exchange rate is consistent
regardless of those preferences. Because Devereux and Engel (2003) analyzes under
some restriction which consistent with unitary elasticity of substitution between goods
produced in both two countries in our model, we can support their results and can
generalize their policy implication. Summarizing our result, optimal monetary policy
under the LCP is not only consistent with CPI inflation targeting but also consistent with
fixed exchange rate. Details on our results are discussed on the rest of this paper.

The rest of this paper is organized as follows. Section 2 derives two models, the LCP
and the PCP model. Section 3 analyzes optimal monetary policy by deriving welfare
costs, FONCs for central bank with commitment and calibration. Section 4 analyzes
effect on macroeconomic volatility and welfare costs of varying relative risk aversion
and the elasticity of substitution between goods produced in two countries. Section 5
concludes this paper. An appendix shows analysis on international monetary policy
cooperation between two countries, which is omitted in the text because we highlight
fluctuations in inflation and nominal exchange rate.

2. The Model

We construct a two-country model belonging to the class of DSGE models with
nominal rigidities and imperfect competition, basically following Gali and Monacelli
(2005) and Monacelli (2005). We alter Gali and Monacelli (2005)’s small open economy
model to two-country economy model following Obstfeld and Rogoff (2000) although
we assume all goods are tradables. The union-wide economy consists of two countries,
countries H and F. Country H produces an array of differentiated goods indexed by
the interval h € [0,1], while country F produces an array of differentiated goods
indexed by f € [1,2]. In addition, we derive two models, one of them is assumed the LCP
and another one is assumed the PCP.

N AN .
Note that we take a definition v, = In (Vt) if there are no provisions where V;

denotes an arbitrary variable and V denotes steady state value of V.

2.1. LCP Model



Under the LCP, LOOP is not necessarily applied because firms can choose prices to sell
goods in countries H and F separately. Thus, P,(h) = E;P{(h) and P.(f) = E:P;(f)
hence Py, = &.Pj, and Pr, = E,Pr, do not necessarily hold where P.(h) and P.(f)

denote the price of a generic good produced in country H in terms of country H'’s
1 1

currency, Py, = [fol Pt(h)l_gdh]a and Pp; = [flz Pt(f)l‘gdh]; denote indices of

the price of generic goods produced in countries H and F, respectively, & denotes
nominal exchange rate.? Note that quantities and prices particular to country F are
denoted by asterisks while quantities and prices without asterisks are those in country
H.

2.1.1. Households

The preferences of the representative household in country H are given by:

U1E Ey XtZo ftUt; (1)
where U; = — fad —ENEW denotes the period utility, E; denotes the
expectation, conditional on the information set at period t, g € (0,1) denotes the
subjective discount factor, C; denotes consumption, N; = fol N.(h)dh denotes hours

of work, o denotes the relative risk aversion and ¢ denotes the inverse of the labor
supply elasticity. The preferences of the representative household in country F is
defined analogously.
More precisely, private consumption is a composite index defined by:
n

=R
€= l(z)" Cap + () Cel | ()
0 0

1 6-1  To-1 2 -1 Jo-1 .
where Cy = [fo Ci:(h)® dh] and Cp, = [f1 C.(f) e df denote  Dixit-

Stiglitz-type indices of consumption across the home goods and foreign goods,
respectively, and n > 0 denotes the elasticity of substitution between tradables and
nontradables. Note that C; is defined analogously to Eq.(2).

Total consumption expenditures by households in country H are given by
Py Cy¢ + Pr¢Cr+ = P.C:. A sequence of budget constraints in country H is given by:

Be + WNy = Ty = PiCy + E¢(Qpe41Be+1), (3)
where Q.;;,; denotes the stochastic discount factor, B, denotes the nominal payoff of
the bond portfolio purchased by households, W; denotes the nominal wage, and T;
denotes lump-sum taxes. The budget constraint in country F is given analogously.

Furthermore:
1

1.1-n , 1 1-n\1-7
o= (5P 3R, (4)
denotes the consumption price index (CPI). P{ is defined analogously to this equality.
By log-linearizing this equality yields p; = %pH‘t + pr ¢, which implies as follows:

3 By citing Betts and Devereux[2], Mark[6] clearly explain the LCP.



1 1
e = ;ﬂH,t + ET[F,t; (5)

where m, = p; — p;—; denotes CPI inflation with my . =py: —pPyr-1 and mr; = ppr —
Prt-1-
The optimal allocation of any given expenditure within each category of goods implies

the demand functions, as follows:
—&

P(h)) ¢ Pi(f)
Ct(h) = <;Ht> CH,t ’ Ct(f) = <;Tft> CF,t

. P . PR\ e
cm=(52) s i =(22) . (©)
Ht Ft
The optimal allocation of expenditures between domestic and foreign goods is given

by:

1 /Pyt -1 1 (Pr¢ -1
Cue=3("2) "CosCre=2(2) C
H,t 2 Py t »“Fit 2\ P, tr

* NN 7N
1 PHt * * 1 PFt *
Che=3(2) ¢ Che=5(%) 7
H,t 2 Pg t F,t 2 Pt* t ( )

The representative household maximizes Eq.(1) subject to Eq.(3). The optimality
conditions are given by:

CexaPe \ _
RBE:(Z5) = 1 (8)
which is a conventional Euler equation and
W,
cony =% (9

which is a standard intratemporal optimality condition where R; = 1 + r; satisfying
R;' = E;Q¢;4+1 denotes the gross nominal return on a riskless one-period discount bond
paying off one unit of the common currency (in short, the gross nominal interest rate),
and 7, denotes the net nominal interest rate. Eq.(8) is an intertemporal optimality
condition, namely the Euler equation, and Eq.(9) is an intratemporal optimality
condition. Optimality conditions in country F are given analogously.

Log-linearizing Eq.(8), we obtain:

1 . 1
¢t = E¢Criq — g + ;Et”tﬂ (10)

A R
with # = In (?t)

There is relationship on the gross nominal interest rate between countries H and F
which is uncovered interest rate parity (UIP) as follows:

e (€
R, = RiE, (%)
with R{ = 1 + r/. Log-linearizing the UIP, we have the familiar expression as follows:

E;(Aepyq) =Ty — 77,

. €
with Av, = v, —v,_; and e, =1In (gt)

Combining Eq.(8) and the UIP and iterating with an initial condition, we have the
following optimal risk-sharing condition:
€7 =9(C)°0,
with 9, = % denoting the real exchange rate and ¥ denoting a constant depending

on the initial value. Log-linearizing this equality, we have:

-10 -



* 1
Ct == Ct +;qt' (11)

2.1.2. Market Clearing

The market for tradables and for nontradables in country H clears when domestic
demand equals domestic supply, as follows:
Y(h) = Cc(h) + G2 (h), (12)
where Y;(h) denotes the output of good h, which is market clearing condition. Market
clearing condition in country F is analogously. Plugging Eq.(7) into Eq.(12) yields:
- - . —& % \—
Y:(h) = %(M) (ﬂ) 7 C, + l(Pf_(h)) (ﬂ) ! C;. (13)

Pht P¢ 2 P;I,t P
£

e-1 ST
Let Y; = [ fol Yt(h)Tdh] ' represent index for aggregate output in country H.
Under the LCP, we obtain:

1Py " 1Py !
Yo == (_H't) Ce + ‘( Hit) Ct,
2\ p, 2\ p;

-7 IS A -
—2(0) e e () () 0
by combining Eqs.(13), Dixit-Stiglitz aggregators for output and prices, where we take
Eq.(11) in the second lines in Eq.(14).
We define the terms of trade (TOT) as follows:
S, = PFt (15)

T &Py
where §; is foreign TOT. The numerator is export price of goods produced in country
F in terms of country H’s currency and the denominator is export price of goods
produced in country F in terms of country H’s currency. Log-linearizing Eq.(15), we
have:

(14)

L
~

St = Prt — € — Phyt- (16)
Plugging Eq.(21) into log-linearized Eq.(14), we have:
1 1
Ve = Ct +gst +§(77 _;)Qt'
which is log-linearized market clearing in country H under the LCP. Although there is
a difference between this equality and Eq.(42) because logarithmic real exchange rate
q: appears in this equality. However, this equality boils down to Eq.(42) because the
PPP is applied which implies that gq; = 0 although we assume the LCP. We discuss
about the PPP under the LCP in section 2.3.
Combining Eq.(42) and its counterpart in country F, we have:
1 .
St = ;(Yt - ¥ —qs
which clarifies relationship between the TOT and relative output under the LCP. As

mentioned, g, = 0 is applied although we assume the LCP. Hence, this equality boils
down to Eq.(41).

2.1.3. Firms

_11 -



Each producer uses a linear technology to produce a differentiated good as follows:
Y (h) = ANy (h), (17)
where A; denotes stochastic productivity in country H. Firms in country F have a
technology analogously to firms in country H.
Using Dixit-Stiglitz aggregators, Eq.(17) can be rewritten as:

N, = 22 (18)
At
with D, = fol @dh. Because d, is o(ll € II?), a first order approximation of this
t
equality is given by:

Ye = ar +ng, (19)

which is consistent with Gali and Monacelli’s (2005) log-linearized production function.

Similar to many DSGE literatures including Gali and Monacelli (2005), we assume that
firms set prices in Calvo-Yun-style price-setting behavior. Hence, a measure 1 — 6
firms sets new prices each period, with an individual firm’s probability of re-optimizing
in any given period being independent of the time elapsed since it last set its prices. Each
producer produces a single differentiated good and prices its good to reflect the
elasticity of substitution across goods produced given the CPI. This is because each firm
plays an active part in the monopolistically competitive market. In addition, we assume
that firms have the ability to engage in price discrimination by setting a domestic price
in terms of domestic currency for domestic sales that differs from the price that it sets
for exports. This is the LCP behavior. Under the Calvo-Yun-style price-setting behavior
and the LCP behavior in a monopolistically competitive market, the maximization
problems which producers in country H face are as follows:

Pue \ Bie \ 7% ..
max Zk 00 Et{QttH{ [PHt( H't) CHt+k+ £t+kPHt<PHt> CH,t+k

PPy PH t+k Ht+k
P o P .
—MClir (|5 Che+k + Chesic )| (20)
B H,it+k Ht+k
where Py. and Pf*,‘t are the prices chosen by firms when they obtain the chance to
change prices associated with goods produced and sold in country H and goods
produced in country H while sold in country F, respectively, MC{* = P, ;MC; denotes
(A-w
tPpt
index (PPI) in country H, which are defined as follows:
p _ PHCH+EPH Cht
Pt = Ch,t+Cj,
H,t
which can be rewritten as Pp; = Py, when the LOOP is applied. The PPI in country F

real marginal costs in country H, with M(C, = and Pp, denotes producer price

)

is defined analogously. By log-linearizing this equality, we have pp, = %pH,t +
% (et + p,";,t), which implies as follows:
1 1 .
T[P,t = ET[H't + E (Aet + T[H,t)' (21)
where 7p, denotes the PPI inflation in country H and mp, =y, is applied when
the LOOP is applied.
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Note that the maximization problems which producers in country F face are
analogously to Eq.(20). Because of nominal rigidities, Eq.(20) looks complicated. When
there are no nominal rigidities, namely 6 — 0, Eq.(20) problems boil down to:

max Py cCht + EcPfr o Chit — MCP(Coe + Ciie),

PH,tPp ¢
which implies that each firm sets its price in terms of local currency in which each firm’s
good is sold and pay costs to produce in terms of producer currency.
Under the LCP, we have multiple FONCs because firms can choose Py, and P},

separately. The FONCs for Eq.(20) are as follows:
o5} D P ¢
Eq [Zk:o 0% Qe eaic(Pre — CMCEy ) ( o ) CH,t+k] =0,

Bhe \“F .,
Eq [Zk 0 9tht+k(PH tCtik — (MCt+k)( - ) CH,t+k] =0,
which can be log-linearized as follows:
Pue = (1= B0) Y=o (BOYE.(mcly ),
Pre = (1= B0) Y=o (BOYFEc(mcthn — €csre) (22)

with { =— denotmg a constant markup where we use the fact that Q¢ =

0'
Lk (th”‘) o . Eq.(21) implies that firms set the price as a markup over a weighted
t t+ k

average of expected future marginal costs. Especially, the first equality in Eq.(22)
definitely corresponds to one derived by Gali and Monacelli (2005). The second equality
in Eq.(22) is not a familiar expression although it implies that firms set the price as a
markup over a weighted average of expected future nominal marginal costs. The second
equality in Eq.(22) is the log-linearized FONC for firms which produce goods in country
H and sell them in country F. Those firms set the price in terms of country F’s
currency as a markup over a weighted average of expected future nominal marginal
costs in terms of country F’s currency. We learn further the character of Eq.(22) after
discuss some identities including the relative prices which is peculiar to LCP behavior.

Under the LCP, the LOOP is not necessarily applied because of Eqgs.(20) and (22),
which imply that firms set their price of goods in terms of local currency, namely the LCP.
Because of that setting, there is the LOOP gap, which measures the degree of the
pass-through. Now, we discuss the LOOP gap and the real exchange rate in our mode.
Following Monacelli (2005), we define the LOOP gap as follows:

Wyt —% y TRE = =
Pt Ppyt
where Wy, and W, denote the LOOP gap for goods produced in countries H and F,

respectively. When the LOOP is applied, we have Wy, = Wr, = 1.

Combining Eq.(7), the optimal risk-sharing condition and the definition of the TOT
yields:

11 (EtP 5
Wy = l'pF,g‘St ( . Ft) (oM n’
which implies that the LOOP gap is a function of the TOT, the real exchange rate and the

. . . _1 (EtPr
relative price of goods consumed domestically. Because S;?! (%) =¥y, Wr,, that

H,t
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equality can be rewritten as follows:
Q=1
which implies that the PPP is applied although the LOOP is not applied.# Log-linearized
version of this equality is given by:
qc = 0. (23)
In addition, plugging Eq.(23) into Eq.(11), we have c¢; = ¢/, which implies that the
marginal utility of consumption between both countries are equal. In fact, households in
both countries consume same goods although there is price discrimination. As
mentioned, the LOOP is not necessarily applied although Eq.(23) implies that the PPP is
definitely applied. This sounds inconsistent at glance. However, although a price of one
goods violate the LOOP, the PPP is applied when another goods violate the LOOP
inversely. In fact, plugging Eq.(23) into that equality, we have Wy, =¥;} and
log-linearized version of this as follows:
Yue = —Vre
which implies that gains from price discrimination corresponds to loses from price
discrimination.
Log-linearized marlet clearing conditions in countries H and F clarifies the
relationship among nominal exchange rate, the price level and the TOT. Plugging
log-linearized definition of the CPI into log-linearized marlet clearing conditions yields:

er =Pt — Pt
= Ppt — Ppt T St
* 1 *
=Ppt —DPpt T+ ;(Yt - ¥¢) (24)

where we use Eq.(21) to derive the second line and Eq.(41) to derive the third line.
Eq.(24) implies that output differential between both countries affects nominal
exchange rate.

In turn, we discuss the character of Eq.(22), log-linearized FONCs for firms under the

LCP. By taking the definition of the LOOP gap, Eq.(22) can be rewritten as follows:

- o 1-86 woo
PHt = PHt-1 T Ykeo (ﬁe)kEt(”H,Hk) + %Zk:o (ﬁe)kEt(lpH,Hk)

+(1 = BO) Y=o (BOYE (mcpyp),

Bie = Pheor + Zico (BOEe(my i) — 2= B0 (BO)Ec (¥, crk)

+(1— BO) £ (BOIFE(mcrs), (25)

where my, = pyr — Pue—1 and w5, = Py — Pie—1 denotes inflation of goods both

produced and sold in country H and inflation of goods produced in country H and
sold in country F, respectively. As mentioned, firms set the price as a mark up over a
weighted average of future marginal cost. In our LCP setting, those firms’ sales are not
measured by the PPI, because it is the weighted average of both price of goods selling in
country H and in country F. However, real marginal cost is measured by the PPI, as
shown in the definition of nominal marginal cost. That is, those firms obtain sales
measured by Py, and pay total costs measured by the Pp, and that gap is calculated

4 This equality implies that the marginal utility of consumption in country H is definitely same as it in country F.
Hence, the UIP can be derived by simply combining 8 and its counterpart in country F without assuming, although
we describe that we assume the UIP in section 2.1.1.
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by ppt — Dy = %sz,t, which implies that that gap corresponds to the LOOP gap in

country H. Although the firms selling goods in country H have no currency disparity in
sales and payment, the LCP behavior generate the LOOP gap. Thus, a weighted average
of expected future LOOP gap in country H appears in the first equality in Eq.(25).

The price setting behavior of the firms selling goods in country F generates the LOOP
gap, alike with another firms which sell goods in country H. Those firms, namely
exporters, obtain the sales of goods exported in terms of country F’s currency and pay
the total cost in terms of country H'’s currency. Their sales are measured by country H’s
currency. Hence, their sales in terms of country F’ currency is multiplied by nominal
exchange rate. They pay total costs which is measured by the PPI, alike with the firms

selling goods in country H.The gap is calculated by pp, — (p,*,,t + et) = —%sz,t. Thus, a

weighted average of expected future LOOP gap in country H appears in the second
equality in Eq.(25) although the sign is contrary to the first equality. Similar mechanism
works in firms in country F not only for selling goods domestically but also for
exporters. Although our LCP setting is different from Monacelli (2005), who assumes a
small open economy and importers, our LCP setting clearly generates the LOOP gap and
this setting affects the forms of New Keynesian Philips Curve (NKPC) and social welfare
stemming from a second-order approximated utility function.

2.1.4. Marginal Cost and Natural Rate of Output

Plugging Eq.(9) into the definition of the marginal cost, we obtain as follows:

— (1 _ cfny Ppt -1
Me, = (1-D4e ( o ) (26)
which is log-linearized as follows:
mcy = ocy + png + %st — ay, (27)

which is consistent with Gali and Monacelli’s (2005) log-linearized marginal cost.
Under the flexible price equilibrium, MC, = % implying that the real marginal cost is

constant and corresponds to inverse of a constant markup is applied. Using this fact and
combining Eqs.(14), (18) and Eq.(26), we have natural rate of output under the LCP in

country H as follows:
1

5 _1)Ppe ¢t 14 (Pue) 17 P\ (Pie\ _ig v _ﬁ
o= () 1 (G () o] e
with Y, denotes natural rate of output in country H, which implies that natural rate of
output is a function not only of productivity but also of relative prices because of an
open economy setting.

Before log-linearizing this equality, we define the output gap in country H x; as the
deviation of percentage deviation of output in country H y, from its natural level V.
This relationship can be written as:

Xe = Ve — Ve (28)
which is definitely consistent with Gali and Monacelli (2005)’s definition. The output gap
in country F is defined analogously to Eq.(28)
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Now, we log-linearize that equality. Log-linearized natural rate of output under the
LCP is given by:
W1Wy (on—-Dw,

Jo = 222 q, - D0 gy, (29)
with w; =n(o +2¢) + 1, w, =2n(1 + ¢) and w; = w? — (on — 1)%. While Gali and
Monacelli (2005) regard foreign output is exogenous because of their small open
economy setting, foreign output, namely output in country F is endogenous in our
two-country setting. Thus, productivity in country F replaces foreign output in Eq.(29).
We turn to discuss Eq.(27), percentage deviation of marginal cost from its steady state
value. Plugging Eqs.(42), (41), (19) and (28) into Eq.(27) yields:

_ W on—-1
mee =5 X + o Xt (30)
which implies that real marginal cost in country H consists of output gap in both two

countries.

2.1.5. The Demand and Supply Sides

Plugging Eqgs.(21), (23), (42) and (41) into Eq.(10) yields New Keynesian IS Curve
(NKIS) as follows:

27
x¢ = E¢(xpqq) — Tt + Et(”P t+1) +72F t(Ax{yq) + Tt' (31)
where 1, = —aa(l_p)i)lﬂat — O, (1 p)(anwl)(lﬂp)% a; denotes the natural rate of
3 3
—1)2
interest in country H with o, =on+1, wy = w; — ((ma V" and ws = % — 1. The

NKIS in country F, which is analogous to Eq.(31), can be derived by using Eqgs.(41) and
(23) and counterparts of Egs.(10), (42) and(21).

Eq.(31) looks like ordinary NKIS in the DSGE literature at glance. Because of the LCP,
Eq.(31) has some distinguished feature. Plugging Eq.(21) into Eq.(31), NKIS under LCP
can be rewritten as follows:

xe = E¢(xe11) — z_nft +— Et(T[H,t+1) + UlaEt(n;:I,t+1) + JlaEt(Aet+1)
+ 25 1E ¢ (Ax t+1) +
= E (xt+1) Tt - U_ At* +— Et(”H t+1) +— Et(”H t+1)
+ 7= E (A » +207, (32)

where we take log -linearized UIP to derive second line. As shown in the first line,
changes in expected nominal exchange rate affects the NKIS. Second line shows that not
only domestic nominal interest rate, but also foreign nominal interest rate appears the
NKIS.
Plugging log-linearized Calvo’s pricing rule and Eq.(30) to Eq.(25), we have equalities
which determines the dynamics of inflation as follows:

A Aw Alon-1)
Tyt = ﬁEt(ﬂH,t+1) + EIPH ¢+ _1 X + 27 Xt
% % A /10) Alon-1)
Ty = BEt(T[H,t+1) — §¢H ¢+ _1 Xt + 27 X¢) (33)
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with A =
and the second equality is inflation dynamics for goods exported. Because Eq.(33)
derived from Eq.(25), the FONCs for firms in country H, the third and the fourth terms
in the RHS, which stem from real marginal cost in country H, are consistent between
both equalities. The signs of the second terms in the RHS are inverse between both
equalities. The reason is that the losses from price discrimination are compensated by
the gains from price discrimination, and vice versa. Counter part of Eq.(33) are derived
from counter part of Eq.(25).

Plugging Eq.(33) into Eq.(21), we have New Keynesian Philips Curve (NKPC) in