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1 Introduction

A currency union that had previously been pure academic speculation became
a reality when the European Monetary Union (EMU) was established. Needless
to say, the creation of the EMU has led to new challenges for policy makers. The
present paper provides a tractable framework suitable for the analysis of fiscal
and monetary policy in a currency union and studies its implications for the
optimal design of such policies, not only from the viewpoint of the union-wide
economy but also from the viewpoint of the individual countries that comprise
a currency union.

Discussions of optimal monetary policy in a currency union become brisk in
such a situation. Assuming that all goods are tradable, Benigno[4] derived an
interest policy implication that optimal monetary policy, a synonym for inflation
targeting in a simple situation, can maximize social welfare in a currency union
that consists of two countries, assuming that in addition to perfect risk sharing
at both domestic and international levels, the economies in the two countries are
identical on the demand side. Thus, the solitary central bank in a currency union
can achieve welfare maximization. On the other side, Gali and Monacelli[7] insist
on a monetary and fiscal policy mix using a currency union model that consists
of not two countries but infinite infinitesimal countries. Under this framework,
the solitary central bank can maximize welfare at a union-wide level whereas
it needs some support brought about by fiscal authority to maximize welfare.
There is great difference in the policy implications between the two superb
studies.

We should pay attention to the presuppositions of these policy implications.
While canonical studies consider the existence of nontradable goods, these stud-
ies do not consider the existence of nontradable goods.! While the definition
of nontradable goods is not simple, as was mentioned by McKinnon[9], non-
tradables in general correspond to services toward goods in an actual economy.
Following the definition that regards goods produced in the manufacturing in-
dustry, agriculture, forestry, fishery and mining as tradables and regards goods
produced in other industries as nontradables, as used by Canzoneri, Cumby and
Diba[5], nontradables in terms of current and purchaser’s price accounted for
50.3% of the sum of nontradables and tradables in major Euro area countries
such as Belgium, Germany, France, Greece, Italy, the Netherlands, Portugal
and Spain in 1999. It is obvious that the share of nontradables should not be
ignored in analyzing monetary policy.

In consideration of the existence of nontradable goods, the present paper
constructs a form of DSGE model that describes a currency union that consists
of two countries with nontradable goods to analyze an optimal monetary policy,
and an optimal monetary and fiscal policy mix. The model developed in this
paper has two distinctive features to analyze an optimal policy design based on
the existence of nontradable goods in the currency union, the Euro area. First,
because of the existence of nontradables, we focus on the Balassa—Samuelson
theorem, which explains a nominal exchange rate deviating from purchasing
power parity. Needless to say, nontradable goods have a disregarded effect on

1Neither papers on monetary policy in a currency union nor papers on monetary policy
in an open economy, such as Benigno[4], Benigno and Benigno[3], Gali and Monacelli[8] and
Okano[13], consider the existence of nontradable goods, although these papers derive some
important implications.



an open economy. Analyzing not monetary policy but exchange rate volatility,
Stockman and Tesar[16], Benigno and Thoenissen[2] and Selaive and Tuesta[?]
focus on nontradable goods in the consumption-real exchange rate anomaly.
These papers on the Balassa—Samuelson theorem point out the relationship
between the anomaly and the theorem. Whereas a nominal exchange rate does
not appear in our model because the model is a closed system, the Balassa—
Samuelson theorem explains a disparity in the Consumer Price Indices (CPIs)
between two countries composing a currency union. We show the difficulties of
conducting a monetary policy and the necessity of a monetary and fiscal policy
mix in a currency union with nontradables. Second, we allow implementation of
fiscal policy by a centralized government. We investigate the appropriateness of
a centralized government, which is advocated by Mundel[11] and McKinnon[9]
in welfare maximization. This is one of the important agenda items in recent
DSGE literature in the currency area.

This paper refers to some secondary issues, too. While we point out an
inconsistency between Benigno[4] and Gali and Monacelli[7] on policy implica-
tions above, we resolve these disparities between two studies. As the Maastricht
Treaty is strictly applied in the Euro area, this paper refers to the suitabil-
ity of the treaty in a currency union with nontradables with a view to welfare
maximization.

The paper is organized as follows. Section 2 constructs the model. Section 3
defines and analyzes monetary policy qualitatively without a fiscal policy regime
and a mixed optimal monetary and fiscal policy regime. Section 4 is a numerical
analysis including a welfare analysis. Section 5 concludes this paper.

2 The Model

We construct a closed-system currency union model belonging to the class
of DSGE models with nominal rigidities and imperfect competition and re-
fer to Obstfeld and Rogoff[12], Gali and Monacelli[8]. Following Stockman and
Tesar[16], we allow imperfect substitution between tradables and nontradables,
while Obstfeld and Rogoff[12] implicitly assume that these goods are a perfect
substitution. The union-wide economy consists of two equally sized countries,
countries H and F. Country H produces an array of differentiated tradable
goods indexed by the interval [0,1], while country F' produces an array of dif-
ferentiated goods indexed by [1,2]. In addition, each country produces an array
of differentiated nontradables indexed by [0, 1].

2.1 Households

Preference of the representative household in country H is given by:
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where E; denotes the expectation conditional on the information set at period
t, 6 € (0,1) denotes the subjective discount factor, C; denotes consumption in



country H, N; denotes hours of work in country H, D; denotes a union-wide

consumption preference shifter, Z; denotes a union-wide disutility of work shifter

and ¢ denotes the inverse of a labor supply elasticity. We note that quantities

and prices peculiar to country F' are denoted by asterisks while quantities and

prices without asterisks are those in country H or common to both countries.
More precisely, private consumption is a composite index defined by:
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where Cp; = QCI% .C é , denotes the consumption index for tradables in country
H, C;t =Crq denotes the consumption index for tradables in country F', Cn ;
and C} ; denote Dixit—Stiglitz-type indices of consumption across the nontrad-
able goods produced in countries H and F, respectively, Cr+ and CF denote
Dixit-Stiglitz-type indices of consumption across the tradable goods produced
in countries H and F', respectively, v denotes the share of tradables in the
consumer price index (CPI), # > 1 denotes the elasticity of substitution across
goods produced within a country and n > 0 denotes the elasticity of substitution
between tradable and nontradable goods.

Total consumption expenditures by households in country H are given by
Py +Cuyt + PpiCry + Pn:Cny = PCy, while their counterparts in country F'
are given by Pr:Cr ¢+ P Cr .+ Pj\‘qu‘V,t = P;CY, with Py and Pr; being
Dixit—Stiglitz-type indices of price of tradable goods produced in countries H
and F', respectively, and Py and Py , being Dixit—Stiglitz-type indices of price
of nontradable goods produced in countries H and F. A sequence of budget
constraints on the form is given by:
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where Q¢ .11 denotes the stochastic discount factor, B; denotes the nominal
payoff of the portfolio, W; denotes the nominal wage and S; denotes the lump-
sum transfers.?

The optimal allocation of any given expenditure within each category of
goods implies the demand functions as follows:
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2Individuals in country F face a parallel constraint.

Py




denote the CPIs in countries H and F, respectively. We also note that the
producer price index (PPI) is defined by:
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with Pp; being the PPI in country H.

The representative household maximizes Eq.(1) subject to Eq.(??). Opti-
mality conditions are given by:
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where R; = 1 + r; satisfying R; = Q¢,t+1 denotes the gross nominal return
on a riskless one-period discount bond paying off on one unit of the common
currency (for short, the gross nominal interest rate), and r; denotes the net nom-
inal interest rate. Eq.(7) is an intertemporal optimality condition, namely the
Euler equation, while Eq.(8) is an intratemporal optimality condition.®> Com-
bining and iterating both of Eq.(7), we have an optimal risk-sharing condition
as follows:
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with Q; = %{ denoting the CPI differential between the two countries and
denoting a constant depending on initial value. Following Chari, Kehoe and
McGrattan[6], we assume that ¢ = 1.2

2.2 Firms

Each firm is classified into one of two groups: tradables producers and non-
tradables producers. Each producer can use a linear technology to produce a
differentiated good as follows:

YH,t (h) = Nt (’l) 3 YNﬂg (Z) = Nt (l)
Yeu(f) = N7 (@) 5 Yy, () = Ny (4) (10)

where Yg 4 (h) denotes the output of tradable goods ¢ produced in country H,
Y.+ denotes the output of nontradables i produced in country H.?

Each firm of a single differentiated good prices its goods in response to
the elasticity of substitution across goods produced within the SOE given the
CPI. This is because each firm plays an active part in the monopolistically
competitive market. We assume that Calvo—Yun-style price-setting behavior

3Optimality conditions analogous to Eqs.(7) and (8) must hold in country F.

4When C_1 = C*y=P_1=P* =1, wehave ¥ = 1.

5The nature of the production technology implies that nominal unit cost is equal to nominal
marginal cost.



applies, and therefore that each firm resets its price with a probability of 1 — «
in each period, independently of the time elapsed since the last adjustment.

When setting a new price in period t, firms seek to maximize the expected
discounted value of profits. The FONCs are as follows:

B, li (a(s)k At+kéH,t+k (PH,t - ¢ (1 - 7') PP,t+kMCH,t+k> = 0,
k=0
lz 045 At+kCN t+k (PN t—C (1 - 7') PP,t+kMCN,t+k> =0
0 J
Et i (aé)k AI-Q-]{;CN’F,t-&-k (F)F,t - C(l — T) P;,t+kMCF,t+k> =0
k=0
B, i (aé)k A:+ké]*\l,t+k (P]tf,t —¢(1— T) Plg,tJrkMC]*v,tJrk) =0 (11)
k=0

where A; and A} denote the marginal utility of nominal income in countries H
and F, respectively, MCr; = ProAm MCny: = Yy yort MCpy = Pr Ar

and MC%, = # denote the marginal costs associated with tradables
’ P,t*"N,t

produced in country H, nontradables produced in country H, tradables pro-
duced in country F' and nontradables produced in country F', respectively,
CH tks CN thks CFtJrk and CN Stk denote the total demands when the prices
are changed of tradables produced in country H, nontradables produced in
country H, tradables produced in country F', and nontradables produced in
country F', respectively, Ap:, Anyt, Ar: and A}, denote stochastic produc-
tivity shifters associated with tradables produced in country H, nontradables
produced in country H, tradables produced in country F and nontradables pro-
duced in country F, respectively, Py ;, Py, PFt and P;} ; denote the adjusted
prices of tradables produced i 1n country H and nontradables produced in coun-
try H, respectively, and { = 9 7 is a constant markup. We take it as given that
the law of one price (LOOP) always holds.
We also note that using Eq.(8), marginal cost can be rewritten as follows.
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2.3 Centralized Government

As mentioned above, we verify alternative policy regimes, i.e., an optimal mon-
etary policy without a fiscal policy regime and an optimal monetary and fiscal
policy mix regime. In the former case, in this union, no government absolutely
defrays its fiscal deficit in the first place. This reflects an actual phenomenon
that an excess of government expenditure beyond 3% of GDP is not allowed
under the Maastricht Treaty, and this phenomenon is indicated by G; = G} =0
for all ¢t in our model, where G; and G} denote government expenditures on



goods produced in countries H and F, respectively.® In the latter case, a cen-
tralized rather than decentralized government conducts fiscal policy as a policy
authority as well as the central bank. We refer to this centralized government
as merely “government” and only distinguish the two as the need arises.

The government expenditure index is given by the Dixit—Stiglitz type. For
simplicity, we assume that government purchases are fully allocated to a domes-
tically produced good. For any given level of public consumption, the govern-
ment allocates expenditures across goods in order to minimize total cost. Thus,
a set of government demand schedules is analogous to and associated with pri-
vate consumption. Because our attention is focused on the determination of its
aggregate level and its effects, we assume that government spending is entirely
financed by means of lump sum taxes.

2.4 Market Clearing

The market in country H for tradables clears when domestic demand equals
domestic supply as follows.

Yii (i) = Cri(h)+Cry(h) + G (i)
Ve (i) = Cre(f)+Cr, (F) +Gi(9) (13)

where Yy, (¢) and Yg 4 (¢) denote the outputs of tradables produced by generic
firms in countries H and F', respectively.
As for nontradables, equilibrium requires that:

YN,t (l) = CN,t (’L) + Gt (l)
Yy () = Cn, () +Gi(2) (14)

where Yy ¢ (4) and Yy, denote the outputs by generic firms for domestic demand
in countries H and F', respectively.

Let Yy and Yr: denote Dixit-Stiglitz-type indices of the aggregate out-
put of tradables produced in countries H and F', respectively. Combining this
definition and Egs.(4), (9) and (62), Eq.(13) can be rewritten as:

1/ Pgs\ " Pr\ 7" Pr,\ 7"
Yo = =(22t) o |2t ’ G
Ht 5 <PT,t> t ( P, + Py Q| +Gt
1(Pr\ " Pr,\7" Pr,\7"
Y, = - == C — 2 G; 15
Fit 2 (PT,t> t ( Pt + Pt* Qt + t ( )

where we use the fact that C} = %, which is derived from Eq.(9).
Eq.(15) implies that:
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where T, = }};Z  denotes the terms of trade (TOT). Thus, the differential of

output of tradables between country H and country F' is equal to the TOT.

. P dG}
6To be exact, this phenomenon is indicated by dTGt =<+

where Y denotes a steady-state value of output.

= 0 in our log-linearized model,



Let Yy, = and Yy, denote Dixit—Stiglitz-type indices of the aggregate out-
put of tradables produced in countries H and F, respectively. Combining this
definition and Egs.(4), (9) and (62), Eq.(14) can be rewritten as follows.
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Eq.(16) implies that:
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where N; = %’i denotes a nontradables price differential between countries H
and F (NPD). ‘Analogous to the differential of output of tradables, the differ-
ential of output of nontradables between the two countries is equal to the price
differential of nontradables between them.

We define the aggregate domestic indices as:

PR =3 1 =1} n-1
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vy = {wYF,t F-h (v } (17)

analogous to that introduced for consumption index Eq.(2). Combining Eqs.(17)
and (60), we have aggregate production functions as follows:

Y, =N, ; Y =N} (18)

1
where I' = {'y% +(1- 'y)ﬂ """ can be interpreted as a productivity amplifier
associated with nontradables. When all goods are tradable, i.e. v =1, Eq.(18)
reduces to Y; = IV; and Y;* = NJ, which are familiar expressions.

2.5 Current Account

Following Gali and Monacelli[8], the current accounts in the two countries de-
flated by the PPI are defined as follows:

P,
CA, = Y,— —20C, -G,
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where C'A; and C'A} denote the current accounts in countries H and F', respec-
tively.

3 Log-linearization of the Model

This section describes the stochastic equilibrium that arises from perturbations
around the deterministic equilibrium.” Lowercase letters denote percentage de-

7See Appendix B for details about the nonstochastic steady state.



viations of steady-state values for respective uppercase letters when there is no
note to the contrary, i.e., v; = %, where V; denotes the voluntary variable and
V denotes the steady-state value of V;. Lowercase letters accompanied with R
as superscript mean logarithmic differential between the two countries for re-
spective uppercase letters, i.e., vt = v; — v}. Lastly, Small letters accompanied

with A mean changes in the large-letter variable, i.e., Av; = vy — v4_1.

3.1 Aggregate Demand and Output
Log-linearizing Eqs.(7) and (9), we obtain the following:

¢t = Eicip1 — P+ Eemipr +dg
= q (20)

where ¢, and c; denote percentage deviations of consumption from its steady-
state value in countries H and F', respectively, 7; = In R; denotes the logarithmic
union-wide gross nominal interest rate, m; denotes the CPI inflation rate in coun-
try H, 0; denotes the logarithmic CPI differential between the two countries,
and d; denotes a logarithmic consumption preference shifter. Notice that the
second equality in Eq.(20) implies that the logarithmic consumption differential
between the two countries depends on the logarithmic CPI differential.
Log-linearizing and manipulating Eqs.(5) and (6), we obtain:
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with 77, = %m% + %ﬂgt, where 77, denotes the TPI inflation rate, mg; and
mr+ denotes the inflation rate of tradables produced in countries H and F,
respectively, my+ and 7y , denote the inflation rates of nontradables produced
in countries H and F, respectively, and 7p; and 7, denote the PPI inflation
rates in countries H and F, respectively.

Log-linearizing Eq.(17), we have:

ye = vyme+ (L= yny
yi = yre+ (=7 ung, (23)
where yr ¢, Yre, Yne and yy , denote percentage deviations from the steady-

state values of Yg 1, Yy, YN, and Yy ;. Log-linearizing Egs.(15) and (16) and
plugging these equalities into Eq.(23), we have:

Y Y .
= —t =n
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with ¢ = (1 — )y (n — 1), where t; denotes logarithmic TOT, n; denotes log-
arithmic NPD, and §; = % and gf = dyif denote percentage deviations of
government spending from steady-state output levels in countries H and F,

respectively,
Eq.(24) implies that:

Yt =t + (1 — ) wn, + g (25)



with y? being the output differential between the two countries, g/ being the
government expenditure differential between them and w =1+ (n —1)~v. Be-
cause of existing nontradables, the output differential between the two countries
depends not only on the TOT but also on the NPD. When v = 1, implying that
there are no nontradables, this equality is reduced to yf* = t; + g, which is
familiar from many NOEM studies. This equality shows that an increase of do-
mestic nontradables price diminishes domestic output when we ignore the effect
of n.
Using the definition of the TOT and Egs.(21) and (22), we have:

1 1—7
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with 7r11§7t being the PPI inflation differential between the two countries. When
v =1, Eq.(29) is reduced to At; = —7r11§7t, which implies that the TOT depreci-
ation has an exact relationship with the PPI inflation differential.

Plugging Eqgs.(29) and (24) into Eq.(20), we have aggregate demand curves
so-called new Keynesian IS curve (NKIS) as follows:

Yo = Ewyipr — e +Eimpiyr — %AEtntJrl — AEgi+1 + dy

v = Ewip— P+ Emp g+ %AEtntJrl — AEgi 4 + de
(27)

with An;, Ag, and Ag; denoting percentage change of n;, g, and §;, respec-
tively.® When all goods are tradable, i.e. v = 1, Eq.(27) is reduced to:

ye = Ewrr1 — 7 +Empirt — AEiGii1 + dy
yr = Ety:-i-l — ’ft + Etﬂ}k)7t+1 - AEtg;-&-l + dt'

These equalities show no expected percentage change of the NPD in the NKISs
and are familiar expressions when all goods are tradable.

Now, we refer to government expenditure constraints according to the Maas-
tricht treaty. At least, our currency union has the government expenditure
constraint as follows:

a’ =0 (28)

for all t with g}¥ = % gt + % g7 denoting union-wide public expenditure. Eq.(28)
implies that there are no union-wide government surpluses or deficits. In fact,
the Maastricht treaty does not allow fiscal deficits beyond 3% of GDP in each
country. This phenomenon allows us to say that the government expenditure
constraint is not only Eq.(28) but the following equality:

g =0 (29)

which implies that the government expenditure differential is zero. Thus, when
both Egs.(28) and (29) are imposed, government expenditure is zero in each
country. In a later section, we analyze monetary and fiscal policy under alter-
native government expenditure constraints.

8Eq.(29) can be rewritten as m¢ — %Att = mp or T + %Att = Tr};t, which implies that
there is no difference between CPI and PPI when there are no tradables, i.e. v =0.



3.2 Aggregate Supply and Inflation

Log-linearizing Eq.(11) and rearranging, we can describe the dynamics of infla-
tion in terms of marginal cost as follows:

Tt = OB+ AL —)pNe — A1 =) pEe + Amem

TNt = OETN 11 — AYPNe + AYPH: + Amen e

Trt = OBpii1 + A (1 =) pNy — A1 =) pre + Amepy

N = OEN 1 — MDPN T AMPE: + Amcy (30)

with A = M, where mcp ¢, men,t, mep,; and mcj‘w denote percent-
age deviations of real marginal costs from their steady-state values associated
with tradables produced in country H, nontradables produced in country H,
tradables produced in country F' and nontradables produced in country F' re-
spectively.

Plugging Eq.(30) into Eq.(22), we have PPI-based inflation dynamics equa-
tions in two countries as follows:

TPt = 5Et7TP,t+1 + /\mct
Tpy = OEp,yq + Amct (31)
where:
me; = ymepg + (1 —y)meny
me; = ymep + (1 —7v)mcy, (32)

where mc; denotes logarithmic domestic marginal cost in country H.
Combining the second and fourth equalities of Eq.(30), the nontradables
inflation differential is given by:

ﬂﬁ,t = 6Eﬂrﬁ,,t+1 + Ayng — Myt + )\mcﬁ’t (33)

where Wﬁ7t = 7Nt — Ty, denotes a nontradables price inflation differential and
mc,’\%,ﬂ5 = mcn,+ — mcyy , denotes a logarithmic marginal cost differential associ-
ated with nontradables. Eq.(33), which is a sort of NKPC that at first glance
evolves into this version of a Balassa—Samuelson theorem equality and can be
named the New Keynesian Balassa—Samuelson theorem equation (NKBS). Our
model is a closed system while a two-country economy is assumed; however, alike
the Balassa—Samuelson theorem, Eq.(33) explains the CPI disparity between the
two countries although the Balassa—Samuelson theorem address the problem of
why the nominal exchange rate deviates from purchasing power parity in the
canonical international money and finance literature. Details on Eq.(33) are
mentioned in a later section.
Log-linearizing Eq.(18), we have:

Ye=ng 5 Yy = (34)

with n; and n} being percentage deviations of hours of work from their steady-
state values in countries H and F', respectively, and z; being the union-wide
logarithmic labor effort disutility shifter, in which we use the fact that % =1

10



to simplify without loss of generality, with % being steady-state hours of labor
to produce.
Combining log-linearized Eq.(8), Eqs.(24) and (34), we have:

meg: = (1+¢@)ye — %nt — gt —ag + 2 —dy
_ Yoo
men: = (1+¢@)ye — Ent — gt —an; + 2z —dy
mepy = (1+@)yf + %nt =0 —apy+ 2z —dy
* * ¢ ~ sk *
meyy = (L+¢)y + oMt —9r —any + 2y — dy (35)

where ap ¢, ant, art, and aly, denote logarithmic productivity shifters associ-
ated with tradables produced in country H, nontradables produced in country
H, tradables produced in country F' and nontradables produced in country F,
respectively. Eq.(35) implies that marginal cost depends not only on domestic
output but also on the NPD.

Using Eq.(32), Eq.(35) can be rewritten as follows.

P )
I+@)ye— <N — G —vame — (L —7)ans + 2 — dy

mce
2

Yoo .
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me; = (1+9)y; + 5

(36)
Eq.(36) implies that domestic marginal cost depends on the DPN. Needless to
say, when v = 1, the first equality of Eq.(36) reduces to:
me; = (L4+@)ye— G —ams + 2 —dy
me; = (L+@)y, —9f —aps+ 2 —ds
because of ¥» = 0 when v = 1. These equalities are familiar expressions in DSGE
applied to NOEM literature.

Combining the second and last equalities in Eq.(35), the logarithmic marginal
cost differential associated with nontradables is given by:

men, = (L+ @) yff —yny — §F — any + aly,. (37)

3.3 Dynamics of Relative Price and Current Account
Log-linearizing Eq.(5) and rearranging yields:

g:=(1—7)n; (38)

with n; = InN; being logarithmic NPD. It is clear by paying attention to
Eqgs.(20) and (38) that the logarithmic consumption differential depends not
only on logarithmic CPI differential but also on logarithmic NPD. When v =1,
Eq.(38) is altered as g; = 0 implying that the CPI between the two countries
has an identity. In ordinary international finance literature, this means that
purchasing power parity holds.

11



Combining Egs.(20), (21) and (38), and rearranging, we have:
1
AEN; 41 = mAEtCﬁH

where Acft = c¢f — ¢ | denotes percentage changes in the consumption dif-
ferential. This equality implies that expected changes in the NPD are exactly
related to expected changes in logarithmic consumption differential between the
two countries. Combining this equality and Eq.(23), we obtain:

1 1 1 .
AEtnt+1 = _Et7r§7t+1 + _AEtytPil - _AEtgtIil (39)
(A (4 (A
where AyR = ylt — yR | and AgF = gFf — §f* | denote percentage changes in

logarithmic output differential and the ratio of government expenditure ratio to
steady-state output.

Using the definition of the NPD and the inflation rate of nontradables, ex-
pected changes in the NPD can be written as:

AEtnt+1 = —EtWJI\%LtJrl (40)

with ﬂ]@’t = Ty — TN, being the nontradables inflation differential between the
two countries.

There is some relationship between the NPD and current account. Log-
linearizing Eq.(19), we have:

~ .Y
car = Yp—C— Gt — §tt
A Xk £ 3 ~ ’Y
ca; = y;—c—g; + Ett

which implies that ¢a; = —¢éa; because of the union-wide market clearing con-

dition and Eq.(28). Using Eq.(24), these equalities can be reduced to:

éat - ﬂr'llg. (41)
2
Eq.(41) implies that a relative increase of nontradables price in country F' brings
about a current account surplus in country H and vice versa. When the non-
tradables price increases relative to tradables, demand for tradables increases
while that for nontradables decreases. Hence, when the nontradables price in
country F' increases relative to that in country H, demand for tradable goods
in country F, including tradables produced in country H, increases, and the
current account in country H goes into the black. When v = 1, implying that
all goods are tradable, Eq.(41) is reduced to é¢a; = 0 implying balanced trade.
In this model, the degree of relative risk aversion and the elasticity of substitu-
tion between tradables produced in countries H and F' are implicitly assumed
to be unity. These assumptions are adopted in Gali and Monacelli[8]: assuming
that all goods are tradable they showed that balanced trade is achieved under
such parameter constraints. Thus, our argument is consistent with Gali and
Monacelli[8].
There is another case that ¢a; = 0 holds: when n = 1 implying the elastic-
ity of substitution between tradables and nontradables is unity, namely, both
tradables and nontradables are a perfect substitution.
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3.4 Marginal Cost and Output gap

In this section, we show that the linearized equilibrium dynamics have a repre-
sentation in terms of an output gap. That representation has provided a basis
for the analysis and evaluation of alternative policy regimes in much of the
DSGE and NOEM literature. Following Gali and Monacelli[8], we define the
relationship between output, its natural level and its gap as follows:

Yy = Gty
yi = Uit

where 3; denotes logarithmic output gap at its natural level, and 7; denotes
logarithmic natural level output. Under flexible price, §; = g; = 0 must hold.

When fiscal authorities design their policies to dissolve distortion generated
by monopolistically competitive markets, real marginal costs under flexible price
equilibrium are unity, and their logarithm is given by:

mecy = me; = 0.

Also, under flexible price equilibrium, all relative prices are unity. Thus,
logarithmic NPD under flexible price equilibrium is given by:

ntZO.

Combining these facts, Eq.(36) implies that:

Pt = Pult+QraHs + ANt — Pzt + Puds
g: = (ngr + prap: + (Pua*N,t — Puzt + Pudy (42)
with ¢, = ﬁ, o, = i;—; and ¢, = ﬁ. Eq.(42) implies that the natural

level of output consists of productivity, consumption disparity and government
spending.

Using Eq.(42), the log-linear approximated model can be rewritten in terms
of output gap. Eq.(27) can be rewritten as:

Y¢ = Eilip1 —Ft + Eempiyr — %AEtnt-&-l — 0o AE G111 — pram: — puan
+ Yoz + @ dy
9 = Etﬂ;—l — 7+ Etﬂ;t—&-l + %AEth—l - @WAEt!AJ:H — Yrapt — ‘Pva7v,t
+ vwze + (Pgodt
(43)
with ¢, = I_J%'
NKPCs in terms of output gap are given by:
- A
Tpy = OBEmpit1 + Ao — %nt
* * ~ % )\
Thy, = OEuh 1 + Al + %nt (44)
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with A, = (1+ ¢) A. These expressions become familiar when v = 1. In this
case, Eq.(44) can be rewritten as:

wpe = OEmpit1 + Aple
Tpy = OEpiq + A¥f

which are derived by Gali and Monacelli[7], who insist that inflation—output
trade-offs can be dissolved simultaneously in a small open economy under se-
vere deep parameter restrictions by inflation targeting. Indeed, when inflation
targeting such as 7py = mp, =0 for all ¢ is introduced in our currency union
with special restrictions i.e. ¥ =1 and g; = g; = 0, these equalities imply that
¥: = gy = 0 for all ¢ implying that output gap is dissolved.

Similar to NKPCs, we derive NKISs in terms of output gap. Because Eq.(39)
can be rewritten as:

1 1 - [%2) ~ ©r Pr
AEth_l = —Etﬂ'R —|— —AEtyR — —‘pAEth — —CLHﬂg —|— —aF7t
w Pt+1 w t+1 w t+1 w w
<PV Sal/ *
— —an;t+ —apn;- (45)
" n Nt
NKISs are altered as:
O = Bl — 27 + Eempyr + Eymp g + AE G + 7
U = Eiy =20+ Empyg + Eempirr + AEGi1 + 7 (46)

by plugging Eq.(45) into Eq.(43) with 7, = —prag1—@rapt—Puan— puay +
2,2 + 2p,d; denoting a version of real natural interest rate. Eq.(46) implies
that under optimal risk sharing, Eq.(9) or the second equality of (20), NKISs in
two countries are homogeneous because the first and second equalities of Eq.(46)
are identical.

3.5 Canonical Balassa—Samuelson Theorem and NKBS

As mentioned in the former subsection, we now turn to the relationship between
the canonical Balassa—Samuelson theorem and the NKBS. Using Eq.(42), NKBS
Eq.(33) can be rewritten as:

Ty = OER iy + AOUT + A + 0o AGf + e dVams — oMYar: — Podans

+ poray, (47)

with ¢, = %‘%. Now we refer to Eq.(47) as NKBS. Using Eq.(38), Eq.(47) can
be rewritten as follows.

1—~ 1—-7v)¢ - .
q: = by ”JI\%H_%Etﬂﬁ,wl_(1_7)90?415_(1_7)@;79?

)

— (=7 pprvam: + (L =) ppvar: + (1 —7) poans — (1 —7) poay 4
(48)

When the currency union has no nontradables, i.e., as v = 1, Eq.(48) implies
that the CPI disparity is dissolved between the two countries, namely, q; = 0
holds. A problem with the CPI disparity is resolved since each country has the
same CPI. This implies that purchasing power parity holds under an ordinary
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open economy model. Even the fact that q; = 0 holds when v = 1 can be
depicted; however, a character of Eq.(48) as canonical Balassa—Samuelson the-
orem in international money and finance literature is obscure. This stems from
the fact that Eq.(48) is a dynamic equation, as in the New Keynesian literature,
that has rightfully assumed nominal rigidities. To easily understand this char-
acter, we inspect Eq.(48) in a flexible price equilibrium. Under a flexible price
equilibrium, Eq.(48) can be rewritten as:

G = —(1=7)eudi — (1 =) epvam:+ (1 —7)@pvar: + (1 —7) pran,
— (1 =7) poan,

because o = 0 and §; = y; = 0 holds. By neglecting the first and last terms
in the RHS in this equality, the CPI disparity, which can be called the “real
exchange rate” when a nominal exchange rate exists, is determined by produc-
tivity shifters in a currency union. In this equality, increasing productivity of
tradables produced in country H causes a decrease in the CPI disparity q;. As
the canonical Balassa—Samuelson theorem explains, a rise in productivity of the
tradables sector in the home country causes a decreasing real exchange rate
through an increase in nontradables prices in the home country, which stems
from an increase in wages not only in the tradables but also in the nontradables
sector because of perfect labor mobility between each sector.® This equality, the
flexible price version of NKBS, can explain a decrease in the CPI differential
stemming from an increase in productivity of tradables produced in country H.
Thus, Eq.(48) and similar equalities can be called an NKBS. Existing nontrad-
ables that cause disparities in the CPI and consumption is the principal friction
taking rank with nominal rigidities in our currency union model.

4 Monetary and Fiscal Policy

In the present section, we analyze the macroeconomic implications of an alterna-
tive policy regime for the currency union: an optimal monetary policy without
fiscal policy regime and an optimal monetary and fiscal policy mix regime. Un-
der an optimal monetary policy without fiscal policy regime, because Egs.(28)
and (29) are imposed as government expenditure, government expenditure in
each country is given by:

=09, =0 (49)

which implies that government expenditure in each country is zero. This reflects
the actual Maastricht treaty.

Under an optimal monetary and fiscal policy mix regime, only Eq.(28) is
available as a government expenditure constraint. Government expenditure
constraint under this regime can be written as:

9t =—9; (50)

which represents an imaginary Maastricht treaty which is relaxed. Under this
regime, government expenditure is allowed while each government keeps zero
union-wide government expenditure.

9Labor mobility is not allowed between countries H and F while perfect labor mobility
between sectors tradables and nontradables in each country.
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4.1 Optimal Monetary Policy without Fiscal Policy

Under an optimal monetary policy without fiscal policy regime, only the central
bank takes part as the authority because of Eq.(49). The central bank seeks to
minimize the social loss function subject to our structural model.'® The period
loss function is derived by second-order Taylor approximated Eq.(1), which is
given by:

4

1 0 . 0, . \2 o .
0 = =1 S0 { Sebat ()32 + 5 (55" + (14 9 G+ v+ o (J€]°) (1)
t=0

with UV = U; + U} being union-wide utility, t.i.p. denoting the terms inde-
pendent policy, and o <H§H3) denoting terms that are higher than third order.
Hence, the period loss function is given by:

1(6 . 0, ., \2 -
L= {3t QR+ 3 ) a0 G 6
where L; denotes the period loss function.!! Using the FONC of the Lagrangian,
which consists of Eq.(52) and our structural model, we obtain the optimal mon-
etary policy rule as follows:

R 9 b .
Pe=gT+5mpe+ 57p; (53)

or:
o 1_ w
Tt = 57’15 + ¢7Tt

with ¢ = 6 being the Taylor principle.!? Gali and Monacelli[8] analyzed the
subject using a policy rule similar to Eq.(53), whereas they did not derive an
interest rate policy rule from the optimization problem.'® As mentioned above
(Gali and Monacelli[7] and Gali and Monacelli[8]), this policy rule implies a
union-wide inflation targeting policy.

We can investigate the features of optimal monetary policy without fiscal
policy by observing a structural model. Paying attention to real natural interest
7, which is common to the two countries, it is clear that all shifters affect the
output gap in the same direction. Plugging Eq.(53) into Eq.(46), NKISs are
altered as:

Y = By —ompr — d)ﬂ-;,t +Empiyl + Etﬂ'}ka,tﬂ + AEtﬂ:ﬂ
U = B —ompe — ompy + Eimp i + Eimpign + AEgin

implying that optimal monetary policy insulates output gap from any shifters
without preference differential shifter df* on the demand side because when the
central bank’s interest rate rule is Eq.(53), the central bank seeks to make the
nominal interest rate identical with the real natural rate.

100ur structural model consists of Eqs.(40), (44), (47), and (46).

11See Appendix E for details on deriving Eq.(52).

12Derivation of Eq.(53) is shown in Appendix E.

13To contrast Gali and Monacelli[8] in our study, we venture to assume that the authority
conducts its policy discretionarily.
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Next, we inspect the supply side. Combining the first and second equalities
in Eq.(44), we have:

7TXV = 5Et7r‘£’/t+1 + )\g,gj,}/v.

This equality implies that the union-wide output gap is always zero when the
central bank conducts monetary policy, following the optimal policy rule such
as Eq.(53) because the central bank seeks to stabilize perfectly the union-wide
inflation rate. For instance, we suppose that 7w}V = 0 for all ¢ is realized under the
optimal policy rule. Paying attention to this equality, this means that ¢}V = 0
for all . The same finding is reported by Gali and Monacelli[8] and Benignol[4].
The fact that inflation—output trade-offs can be resolved simultaneously holds
not only at the union-wide level but also at the country level when there are no
nontradables. Under Eq.(53), the PPI inflation rate is also stabilized similarly
to the union-wide inflation rate. This implies that the economy does not have
the disparity of the PPI inflation rate, i.e., 7 = 0 for all . Subtracting the
first equality from the second equality in Eq.(44), we have:

R _ R R
Tpy = 0Eemp 1 + Aoy

where we assume that there are no nontradables, i.e., v = 1. When ﬂﬁt =0
for all ¢, that §F = 0 for all ¢ is guessed by this equality. Not only 7} = 0
but also 7rtR = 0 for all ¢ implies that mp; = 7T};7t = 0 for all t. Hence, under
optimal monetary policy, the PPI inflation rates in countries H and F' are fully
stabilized, while the output gaps in countries H and F' are fully stabilized, i.e.,
§: = 7 = 0. The same is stated by Benigno[4].14

However, when nontradables exist in the economy, the state of affairs brought
about by optimal monetary policy is altered. While union-wide NKPC is not
affected by the share of tradables, NKPC in terms of the PPI inflation rate differ-
ential between the two countries is affected by the share of tradables. Without
a restriction v = 1 implying that there are no nontradable goods, NKPC in
terms of PPI inflation rate differential is given by:

mhy = OBl 1 + MG — AN,

In this case, although optimal monetary policy is adopted, trade-offs between
inflation rate and output gap in countries H and F arise.!® When does the
NPD fluctuate? Rearranging Eq.(47), we obtain:

1 0 - .
ng, = ijl\zm - XEtWJI\%/,Hl - ‘Pth - ‘ngﬁ — PeVaH
+ PeVaFE + PolNt — Lol g (54)

implying that when any shifters without union-wide preference result, the NPD
changes. This change affects NKPCs unless v = 1, which coincides with 1 = 0.
Thus, inflation—output trade-offs cannot be dissolved unless v = 1 under optimal
monetary policy. This can be explained by fluctuation of the CPI disparity.
Using Eq.(38), NKPCs are given by:

ﬂ—g,t = 5Et7T11§,t+1 + /\wgtR = (n—1) ;.

l4Benigno[4] gives an account of this under the assumption that the degrees of price sticki-
ness are equivalent in the two countries.
154 = 0 holds only if y = 1.
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Unless v = 1, g; = 0 does not hold because of NKBS Eq.(48). When union-wide
economy produces an ounce of nontradables, changes in productivity result in a
CPI disparity between two countries. The CPI disparity expands the disparity
of the output gap between the two countries. Although union-wide inflation,
output gap and the PPI inflation in each country are stabilized by the optimal
monetary policy, the output gap in each country cannot be stabilized by the
policy when there are nontradables.

Gali and Monacelli[7] reach a similar conclusion to ours with regard to op-
timal monetary policy in the currency union that consists of innumerable small
open economies. In such a currency union, optimal monetary policy can stabilize
union-wide inflation and output gap whereas the PPI inflation and output gap
are not stabilized because the small open economy has peculiar CPI different
from the union-wide CPI. This difference stems from the fact that the scale of
the small open economy is infinitesimal. Our model, however, does not assume
small open economies but two countries’ economies and allows nontradables.
Existing nontradables necessarily result in a disparity of CPIs between the two
countries. On that point, we can double-check an implication derived by Gali
and Monacelli[7] using a two-country economic model with nontradables.

We refer to another case in which changes in NPD do not affect NKPCs,
namely, optimal monetary policy can dissolve inflation—output trade-offs. When
n = 1 implying perfect substitution between tradables and nontradables, 1) = 0
holds. In this case, changes in any shifters without union-wide preference shifters
do not affect NKPCs through NKBS although nontradables exist. Thus, it can
be said that elasticity of substitution between tradable and nontradables 7 is
related to the Balassa—Samuelson theorem in the same way as ~.

4.2 Optimal Monetary and Fiscal Policy Mix

Under a currency union with nontradables, mere monetary policy cannot stabi-
lize both the PPI inflation and the output gap at the individual country level.
Now, we abandon Eq.(29) as a constraint but allow country-level government
expenditure under Eq.(28). In this optimal monetary and fiscal policy mix
regime, not only the central bank but also the central government seeks to min-
imize Eq.(52) subject to the structural model. The optimal fiscal policy rule
derived by the FONCs of Lagrangian is given by:

. _ 1 A+0
gﬁ = 95 + 9J7T11§,t + awﬁl,t - mnt (55)
1+ey _ 14y

with 0, = (1 + ¢) 0 where §;* = —vyag:+yapt+ Hang a}*\,,t addresses
real natural public expenditure disparity or real natural transf%rs of income. In
contradistinction to the optimal monetary policy rule, Eq.(53), Eq.(55) consists
of relative variables between the two countries. Plugging Eq.(55) into Eq.(47)
yields:

A _p

ng = Etﬂll\%f,wl + T?jt +

Apl
5 e

By contradistinction between this equality and Eq.(54), it is clarified that no

productivity shifter can affect the NPD as long as the central government con-
ducts optimal fiscal policy. Moreover, optimal monetary policy insulates any
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productivity and preference shifter from the NKIS, and the optimal monetary
and fiscal policy mix insulates the PPI inflation rate and output gap not only
union-wide but also at individual country level from any exogenous productivity
and preference shifter regardless of the share of nontradables.

5 Numerical Analysis

In this subsection, we illustrate the equilibrium behavior of the currency union
under the alternative policy regime described above. We resort to a series of
dynamic simulations and adopt the following benchmark parameterization. We
assume an inverse of labor supply elasticity ¢, the elasticity of substitution
across goods 6, price stickiness consistent with an inverse of an average period
of one year between price adjustments «, the share of nontradables in the CPI
v, the elasticity of substitution between tradables and nontradables 7, and the
subjective discount factor § set equal to 3, 7.88, 0.66, 0.5, 0.44 and 0.99, respec-
tively as if the timing of the model were quarterly. Except for v and 7, these
parameterizations are frequently used in DSGE literature including Benignol[4],
Gali and Monacelli[7] and [8] and Rotemberg and Woodford[14]. As mentioned
in the introduction, nontradables account for 50.3% of the major Euro area,
thus we set v = 0.5. Following Stockman and Tesar[16], we set n = 0.44.16 We
notice that setting o = 0.66 and § = 0.99 implies that the slope of the NKPC
A is identical to 0.1786, 8 = 7.88 implies that the Taylor Principle ¢ is identical
with 7.88 while constant markup ( is identical to approximately 1.1453, and
4 = 0.99 implies that a riskless annual return is equal to about 4.04%. We also
assume that the productivity and preference shifters are described according to
the following AR (1) processes:

S = pISi—1+ &

where s; = [ amg: ANt OF¢ a}‘v’t di 2 ]/ denotes that the vector consists
of the productivity and the preference shifters, & denotes that the vector consists
of i.i.d. shocks, I denotes the identity matrix, and p denotes the coefficient
associated with AR (1) processes. We set p equal to 0.7.

5.1 Special Cases

Prior to analyzing benchmark parameterization, we consider two special cases
in which all goods are tradable and the Balassa—Samuelson effect vanishes under
optimal monetary policy without fiscal policy. We substitute v = 1 in the former
case and n = 1 in the latter case for benchmark parameterization. Figure 1
shows impulse responses to shocks on any shifters under optimal monetary policy
without fiscal policy in the case that all goods are tradable. As mentioned above,
optimal monetary policy depicted by Eq.(53) realizes not only 7}V = 0 but also
7r11§7t = 0 because NKISs in the two countries are identical, and the structural
parameter 1 associated with the NPD in NKPCs in the two countries remains at
zero, thus inflation—output trade-offs are fully dissolved. This can be confirmed
by inspecting the top four panels in Figure 1. As shown in the optimal monetary

16Setting n = 0.44 is widely used including Benigno and Thoenissen[2] and Selaive and
Tuesta[15], who analyze a consumption-real exchange rate anomaly.
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policy rule Eq.(53), nominal interest rates insulate the union-wide economy from
any shocks by equalizing with the natural real interest rate. The fifth panel in
Figure 1 shows this. The sixth panel in Figure 1 shows that the CPIs in the two
countries are identical because nontradables do not exist. This implies that not
only the current accounts but also the consumptions in the two countries are
identical. Assuming that all goods are tradable in a currency union, Benigno
and Benigno[4] show that union-wide inflation targeting consistent with 7}V = 0
in our context or optimal monetary policy can fully resolve inflation—output
trade-offs. It can be said that our result reconfirms the result of Benigno and
Benignol[4].17

The result in the latter case, in which the Balassa—Samuelson effect van-
ishes under optimal monetary policy without fiscal policy, resembles that of the
former case. Figure 2 displays the impulse responses to shocks under optimal
monetary policy without fiscal policy in the case that the Balassa—Samuelson
effect vanishes. Because of n = 1 implying ¢ = 0, the NKISs in this case are
identical with the former case while half of the goods are nontradable in the
union in this case. As shown in the sixth panel in Figure 2, inefficient supply
shocks cause a CPI disparity between the two countries because the CPIs in
the two countries are not identical. The Balassa—Samuelson effect is at the van-
ishing point, however, current accounts are balanced. Thus, optimal monetary
policy resolves the inflation—output trade-offs. The top four panels in Figure 2
show this result. In these special cases, where NKPCs are identical to those un-
der a closed economy, optimal monetary policy or simple inflation targeting can
resolve the inflation—output trade-offs.!® Fiscal policy takes no part in resolving
inflation—output trade-offs.

5.2 Optimal Monetary Policy without Fiscal Policy

In accordance with the above finding, we inspect the benchmark parameteriza-
tion case under optimal monetary policy without fiscal policy. Figure 3 displays
the impulse responses to shocks under optimal monetary policy without fiscal
policy. Neither v = 1 nor n = 1 hold in the benchmark case, and inflation—
output trade-offs cannot be resolved by optimal monetary policy without fiscal
policy. This can be confirmed by inspecting the top two panels in Figure 3.
When inefficiency shocks change the productivity shifter, the output gap re-
sults in a CPI disparity between the two countries, which is shown as the sixth
panel in Figure 3. For instance, we consider the occurrence of changes in the
productivity shifter of tradables produced in country H. The nominal interest
rate is lowered to maintain zero PPI inflation when this change occurs. When
1) = 0, this implies that v = n = 1 does not hold, thus reducing the insulation
of the output gap from this shock. In the benchmark case, however, ¥ does
not equal zero, hence the NKPCs are affected by changes in the NPD, namely
the CPI differential. As shown in the sixth panel in Figure 3, changes in the
productivity shifter of tradables produced in country H cause changes in the
CPI differential through NKBS. As mentioned in the former section, increasing
productivity of tradables produced in country H decreases the CPI differential

17See top panel in Table 1 for details on macroeconomic volatility under optimal monetary
policy without fiscal policy in this case.

18See the last panel in Table 1 for details on macroeconomic volatility under optimal mon-
etary policy without fiscal policy in this case.
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through the Balassa—Samuelson theorem. An increase in wages in the tradables
sector stems from increases in productivity of tradables, produced in country
H cause an increase in the price of nontradables produced in country H. This
is the cause of an increase in the CPI in country H. As shown in Eq.(41), a
decrease in the CPI differential stemming from an increase in the price of non-
tradables produced in country H causes a current account deficit in country
H, because of a rising demand for tradables including country F' goods. Thus,
An output gap in country H decreases while in country eventually F' decreases.
While monetary policy is optimal and can stabilize PPI inflation in both coun-
tries, NKBS affects NKPCs in the benchmark case implying that half of goods
are nontradable. Thus, optimal monetary policy without fiscal policy is not
adequate to resolve the inflation—output trade-offs when nontradables exist in
the currency union.

Table 2 depicts macroeconomic volatility under optimal monetary policy
without fiscal policy. Whereas the PPI inflation rate is fully stabilized to any
changes in productivity shifters, output gaps in neither country are stabilized.
It can be noted in Table 2 that any changes in productivity shifters cause output
gap fluctuation through changes in the CPI differential and current account.

5.3 Optimal Monetary and Fiscal Policy Mix

Unlike the special cases, the output gaps in both countries are stabilized with re-
gard to any changes in productivity shifters under the optimal monetary policy
without fiscal policy. As mentioned in the former section, an optimal mone-
tary and fiscal policy mix regime can stabilize both the PPI inflation rate and
the output gap. Figure 4 shows impulse responses to shocks under an optimal
monetary and fiscal policy mix with benchmark parameterization. That output
gap and PPI inflation are stabilized simultaneously when productivity shifter
changes can be confirmed by the first to the fourth panels in Figure 3. Needless
to say, an increase in the productivity shifter associated with tradables produced
in country H pressures the output gap in country H to decrease through NKBS.
This is because the increase in price associated with nontradables produced in
country H stemming from increase in productivity associated with tradable
goods produced in country H shifts demands for goods from nontradables pro-
duced in country H to tradables including goods produced in country F'. Under
an optimal monetary and fiscal policy mix regime, however, decrease in the
NPD caused by an increase in prices associated with nontradables produced in
country H is prevented by a decrease in government expenditure in country
H, namely, fiscal surplus in country H. Decrease in government expenditure
in country H controls increases in the PPI in country H including nontradable
prices. Thus, the CPI differential is unchanged while an increase in pressure
associated with nontradable prices in country H results. Finally, the output
gap in country H is unchanged because the current account is fully stabilized.
In country F', adverse changes occur in response to a shock to the productivity
shifter associated with tradables produced in country H. This is shown in the
last panel in Figure 4. An increase in a productivity shifter associated with
tradables produced in country H decreases prices associated with nontradables
produced in country F' relative to those in country H. This relative decrease
in nontradables price in country F', namely, a decrease in the NPD, places an
increased pressure on the output gap in country F'. Under this regime, however,
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government expenditure in country F' gets larger, which in turn increases the
PPI including the nontradable goods price in country F'

As shown in Table 2, an optimal monetary policy regime can fully stabilize
not only the PPI inflation but also the output gap whereas optimal mone-
tary policy without a fiscal policy regime stabilizes only the PPI inflation rate.
Benigno[4] asserts that the optimal monetary policy, nemely, simple union-wide
inflation targeting can stabilize both the inflation rate and the output gap si-
multaneously. When a currency union consists of homogeneous economies, a
solitary instrument, namely the interest rate of the consolidated currency, can
resolve inflation—output trade-offs. When a currency union consists of hetero-
geneous economies, however, the interest rate cannot correct a disparity across
economies, although it can stabilize the union-wide economy. Similarly to our
paper, Gali and Monacelli[7] insist on the importance of fiscal policy in cur-
rency union. Gali and Monacelli[7] do not assume the existence of nontradables
but rather a currency union that consists of infinitesimal countries. Because a
currency union that consists of infinitesimal countries is much the same as our
settings for heterogeneity, the issue associated with an optimal monetary and
fiscal policy mix should concern policy administration.

5.4 Sensitivity Analysis: The Role of Share of Nontrad-
able Goods

In this section, we investigate to what extent the welfare-based ranking of the
regimes discussed above may be sensitive to the calibration of a central param-
eter characterizing the currency union: the share of nontradables 1 — . Prior
to this sensitivity analysis, we define the expected welfare loss criterion. Taking
unconditional expectations on Eq.(51) and letting § — 1, the expected welfare
loss function is given by:

V= i {%var (mpt) + (14 @) var () + évar (7r}37t) + (14 ¢) var (gjz‘)} . (56)
Eq.(63) shows that welfare losses can be evaluated by the variance of PPI infla-
tion and output gap. Accordingly, we show the relationship between macroeco-
nomic volatilities and share of nontradables for a start.

Figure 5 displays the effect on volatilities of varying share of nontradables
under alternative policy regimes. Although PPI inflation in both countries is
zero, which is applied in any share of nontradables, the volatility of output gap
depends on the share of nontradables. The top and second panels in Figure
5 show that the volatility of output gap is zero if v = 0 and v = 1 under
optimal monetary policy without fiscal policy whereas the output gap is zero
which is applied in any share of nontradables under an optimal monetary and
fiscal policy mix.

Figure 6 displays the effect on welfare of varying share of nontradables.
Reflecting the relationship between volatilities and share of nontradables on
output gap, welfare loss results under optimal monetary policy without a fiscal
policy regime while welfare loss does not result under an optimal monetary and
fiscal policy mix regime. Not only from the viewpoint of dissolving inflation—
output trade-offs but also eliminating a well-defined welfare loss, it can be said
that an optimal monetary and fiscal policy mix is an important policy issue in
an actual currency union, namely, the Euro area.
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6 Conclusion

We investigate an optimal monetary and fiscal policy mix, which has been for-
gotten for a long time. Some implications can be derived from our paper, the
greatest contribution of this paper being that it indicates the importance of a
monetary and fiscal policy mix in a currency union with nontradables. Also,
perfect risk sharing in assets markets makes union-wide economy homogeneous,
the existence of nontradable goods makes optimal monetary policy insufficient
to eliminate welfare loss. Not only monetary policy but also fiscal policy plays
a part in achieving zero welfare loss in a currency union with nontradables. In
connection with the necessity of policy mix, our paper agrees with the proposal
made by Gali and Monacelli[7]. From another viewpoint, this paper can justify
approximately a canonical argument associated with policy mix in a currency
union.

While we agree with the canonical argument, the necessity of centralized
fiscal policy remains to be further examined. The welfare loss function derived
by us is not country specific but union wide. When fiscal policy is conducted
to maximize welfare not in a union-wide economy but in each country and it
complements a completely monetary policy, a policy implication that there is no
need to centralize fiscal policy to maximize welfare is derived. Further discussion
is desirable.
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Appendix A Details on Derivation of the Model
A.1  Households

Preference of the representative household in country H is given by Eq.(1)
where E; denotes the expectation conditional on the information set at period ¢,
d € (0,1) denotes the subjective discount factor, C; and C} denote consumptions
in countries H and F, respectively, N; = fol N; (i) di and Nj = fol N} (i) di
denote hours of work in countries H and F, respectively, N; (i) and N () denote
hours of work spent by generic household i in countries H and F, respectively,
D; denotes union-wide consumption preference shifter, Z; denotes union-wide
disutility of work shifter, and ¢ denotes the inverse of labor supply elasticity. We
note that quantities and prices peculiar to country F' are denoted by asterisks,
while quantities and prices without asterisks are those in country H or common
to both countries.

More precisely, private consumption is a composite index defined by Eq.(2)

10 1
where Cr ¢ = 2C fl’tC f“,t denotes the consumption index for tradables in coun-
try H, C7;, = Cr,; denotes the consumption index for tradables in coun-

) 0
try F, Cyt = {fol Cny(i)® dz} ’ , Chyi = {ff Cri (@) dz}e Ch: =

1 Lo-r & 2 A=, %
[fo Cr. (i) dz} and Cp,; = [fl Cr. (i) dz} denote the consump-
tion indices for nontradables produced in country H, nontradables produced in
country F', tradables produced in country H and tradables produced in country
F, respectively, and Cn (i), Cy ; (i) and Cr4 (i) denote generic nontradable
good 7 produced in H, generic nontradable good ¢ produced in F', and generic
tradable good 14, respectively, v denotes the share of tradables in the consumer
price index (CPI), # > 1 denotes the elasticity of substitution across goods pro-
duced within a country, and n > 0 denotes the elasticity of substitution between
tradables and nontradable goods.

A sequence of budget constraints of the form is given by:

1 2
B+ WiN, +5, > / Py (i) Ors (i) di + / Pr (i) Cry (i) di
0 1
1
+ / Py (1) Cnyt (i) di + E¢Qy 411 By,
0
1 2
B, + Wi N} +8; > / Piy (3) C, () di + / Pry (i) C, (i) di
0 1

1
+ / Py (1) Oy 4 (1) di + EQy 141 B (57)
0

where Py (i) denotes the price of generic tradable good ¢ produced in country
H, Pp. (i) denotes the price of generic tradable good ¢ produced in country
F, Py (i) denotes the price of generic nontradable good ¢, Q41 denotes the
stochastic discount factor, B; denotes the nominal payoff of the portfolio, W;
denotes the nominal wage, and S; denotes the lump-sum transfers.'?

The optimal allocation of any given expenditure within each category of

191ndividuals in country F face a parallel constraint.
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goods yields the demand functions as follows:

Cra () = (25 ) Vw5 Cnep - (el ))_0 Cry

P4 Pr, '
. Pry(h)\ ™’ .. . Pri(H)\ ' .
Cry (h) = < 71;;” )> Che 5 Cry (f) = <TtTt) Cry
(P )\ C (P
Cny (1) = W Cnt 5 Oy (i) = P,* Cyi
; Nt

with h € [0,1] and f € [1,2] where Pr;(h) and Pr,(f) denote the prices
of typical tradable goods produced in country H and country F', respectively,
Pn ¢ (h) denotes the price of a typical nontradable good produced in coun-

=
try H, Pg: = [fol Pr (i)l_g di} "™ denotes the goods price index of trad-

2
ables produced in country H, Pr; = Uf Pr, (i)1_9 dz} "7 denotes the price

of tradables produced in country F, Py ; = { fol Py (h)l_e di} "7 denotes the
price index of nontradables produced in country H, with parallel demands in
country F. These equalities imply that fol Py (i) Cry (i)di = Py Chy and

f12 PF,t (Z) CT,t (Z) di = PF,tCF,t and fol PNJ, (’L) CN,t (’L) di = PN,tCN,t~
The optimal allocation of expenditures across each typical good is given by:

1 (Pus\ " 1 (Pri\ "
Cri=—- d C Cri==| == C
Hi =5 (PT,t> Tt Fit =5 (PT,t Tt
1 PHt>‘1 1(Ppt)‘1
C* _ - s C* : C* _ - s *
Ht 2 (PT’t Tt Fit 2 PT,t T,t
Pr\ " Pri\ "
Cri= | —= C, Cr, = . C;
Tt < P, > t Tt Pr t
Py\ 7" . ([ Pny -
CN,t - < Pt ) Ct ) CN,t - Pt* Ct (58)
where:
11
Pr, = Pj,Pg,
_1
Po= [P+ = Py
1
. - « \1-n] T
P = |:7P71“,tn + (1 - ’V) (PN,t) 77] ! (59)

denotes the TPI and the CPI in countries H and F', respectively. We also note
that the PPI is defined as Eq.(6).

Total consumption expenditures by households in country H are given by
Pu+Cuyt + PriCri + PntCnt = P:Cy while their counterparts in country F'
are given by PpCrt+ PuiCht + Py Oy, = P Cf. Combining these results,
Eq.(57) can be rewritten as Eq.(3).

The representative household maximizes Eq.(1) subject to Eq.(3). Optimal-
ity conditions are given as Eqs.(7) and (8). Combining and iterating both parts
of Eq.(7), we have optimal risk sharing condition Eq.(9).
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A.2 Firms

Each firm is classified as belonging to one of two groups: tradables producers
and nontradables producers. Production functions are given by Eq.(10).

Following Calvo—Yun-style price-setting behavior, we assume that each firm
resets its price with a probability of 1 — « in each period, independently of the
time elapsed since the last adjustment. The pricing rule implies:

Py = {a (Pui-1)' "+ (1-a) (ﬁH7t)1_9}ﬁ
Py: = {a (Pye-1)" '+ (1—a) (PN’t)le}l—lg
Prpy = {a(Pm_l)l—e L (1-a) (PF,t)l_e}ﬁ

Pro = {aPie) 00 (13;;,t)”}ﬁ (60)

where PH ¢, Py + PF . and PH . denote the adjusted prices of tradables produced
in country H and nontradables produced in country H, respectively.

When setting a new price in period ¢, producers seek to maximize the ex-
pected discounted value of profits as follows:

o0

I}IjlaXEt Z (045)k At+kéH,t+k (PH,t - PP,t+k (1 - 7') MCH,t+k):| ,
Ht o k=0 )
(o] A _ 5 N
r}ralax E; Z (065) At+kCN,t+k (PN,t - PP,t+k (1 - T) MCN,t+k>} ,
Mt k=0 )
0 r ~ ~
ma By Y (a0)" [AfCrren (Prs = Pk (1= 7) MCroas )|
7t k=0 )

max E; Z 045 [ t+IcCJ<f,t+k (P;\(r,t - P}’;,t+k (1 - T) MCXI,H-IC)}
N t

where Ay = (P,Cy)"" and A} = (P;C;)”" denote the marginal utilities of
nominal income in countries H and F), respectively, MCpx + = denotes

PA

the marginal cost associated with tradables produced in country H, M Cnt =

Pp‘ﬁ denotes the marginal cost associated with nontradables produced in

country H, MCp; = P*WA denotes the marginal cost associated with trad-

ables produced in country F, MCY , = # denotes the marginal cost asso-
-6

ﬁH
— CH,t+k

ciated with nontradables produced in country F', C Hith = | oo

denotes the total demand of tradables produced in country H when the price
Py
PN t+k

- -0
are changed, Cny ¢4 = ( ) Cn t+1 denotes the total demand of nontrad-

N - —0
ables produced in country H when the prices are changed, Cr 1y = ( P};Ft i - ) CFri+k

denotes the total demand of tradables produced in country F when the prices
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_ —0

are changed, CN'J*Vt ik = (P*—’ CN.t+r denotes the total demand of non-

tradables produced in country F' when the prices are changed, and Ag:, An s,
AF, and A}, denote stochastic productivity shifters associated with tradables
produced in country H, nontradables produced in country H, tradable goods
produced in country F' and nontradables produced in country F', respectively.
We also note that using Eq.(8), marginal cost can be rewritten as follows.

O.N¢Z, P,
MC =
e Dy, PpiAp,
C:N7Z, P;
MC = ¢
Nt D, PpiAn:
ey, - CNZ B

D, PpArp.

C* (N*)LP Zt Px
MCy, = 1 ‘ 61
N,t Dt PP7tA}kV,t ( )

The FONC of these optimization problems are given by Eq.(11).

A.3 Centralized Government

Government expenditure index is given by:

1 0-1 7T 1 0-1 7
G = (/ e} (i)sz’> L = (/ a () di)
0 0

where G; and G} denote government expenditures on goods produced in coun-
tries H and F, respectively, G; (i) denotes the quantity of good i produced
in country H purchased by the government, and Gj (i) denotes the quantity
of good i produced in country F purchased by the government. For simplic-
ity, we assume that government purchases are fully allocated to a domestically
produced good. For any given level of public consumption, the government allo-
cates expenditures across goods in order to minimize total cost. This yields the
following set of government demand schedules, analogous to those associated
with private consumption.

o - (52)" ()

—6 * i —
G = (F) - (P—%(t)) Gi (62

A.4  Market Clearing

The market in country H for tradables clears when domestic demand is given
by Eq.(13). As for nontradables, equilibrium requires Eq.(14).
+ Gt}

Using Egs.(4), (9) and (62), Eq.(13) can be rewritten as:
. Pre(W\° [1 (P Pr\"" ([ Prs\ " A1
Y, - ’ - (A Lt :
i (0 ( Pry o\pr,) “\B) T ) @
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Pri\ 7" Pr.\" "
<Tt> +<P—:> N

0
ﬁ})qq¢(i)2?&cﬁ>9’l and

o (PraONT 1 (P
Yre (i) = < Prs > {5 <m> Cy

where we use the fact that Cf = % Let Yg; = (

0

6—1 o—1
Yp: = (ff Y. ()7 di) " denote the aggregate outputs of tradables pro-
duced in countries H and F', respectively. Using this definition, the above

equalities can be rewritten as Eq.(15).
Using Egs.(4), (9) and (62), Eq.(14) can be rewritten as follows.

, Pni (W [ /Py, \ 7"
o = (50) () Tl
e o (PuaWNT (PR N\T"CDy
YN,t (2) - ( PN,t Pt* QtDt + Gt

2]
6—1

0
6—-1 6—1 -1
Let Yy = (fol Y (i) 7 di) and Yy, = <f01 Y (i) 7 di) " denote the
aggregate outputs of tradables produced in countries H and F', respectively.
Using this definition, the above equalities can be rewritten as Eq.(16).
We define aggregate domestic indices as Eq.(17). Combining Eq.(17) and
the fact that:

1 1 1 1
N, = / Vi (i) di = / Y (i) di ; N7 — / Vieydi = / Y3, (i) di,
0 0 0 0

which is derived from Eq.(60), we have aggregate production functions as Eq.(18).

Appendix B Nonstochastic Steady State

We focus on equilibria where the state variables follow paths that are close to a
deterministic stationary equilibrium, in which the PPI inflation rate is zero. In
this steady state, the gross nominal interest rate is equal to the inverse of the
subjective discount factor as follows:

R=¢6"

with R being the gross nominal interest rate in the steady state.
Because the LOOP always holds,

Pr =Py = Pr
must hold.
When o — 0, Eq.(11) implies:
1
MCy=——.
(1-7)¢

Thus, MCy = MCy = MCp = MC}; must hold. Also,

MCy =CN¥.
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Thus,
CN¥ =C* (N*)*.
Eq.(9) implies that:
c=cC.
Thus,
N = N*.
Egs.(15) and (63) imply that:
C=Yy=Ypr=Yy=Y.

Appendix C Equilibrium Determinacy in the Cur-
rency Union

To be added.

Appendix D Derivation of the NKPC

The first equality of Eq.(11) can be rewritten as:
— 0
k [g—(0-1)y,—(n—1 o - -
B Z (@d) [XHEt-&-Ic)XT,(ZZ‘rk = (1—-7) XH(,;t-i-kXH,lt-&-chTzﬂ—kXPvt-ﬁ-kMCHi-HC} =0
k=0

Pp vk
Piyvy ”

— Pr+x
XT,t-i—k = P,

t+k

Py X — Puo,tvi
Py t+1’ Ht+k = Pr i+’

Log-linearizing this equality, we have:

with XH,t—i—k = and XP,t+k =

oo

ko

E, l E (@6)” (Xt + XH tk + XT 4k — XPottk — mCH,t-i—k)] =0
k=0

with XHJJ,.]C = IHXH7t+k, XH,t-‘,—k =In XH,t-‘,—k) XT,t+k =In XT,t+k and XP,t—‘,—k =
In XP,t-‘,—k'

Using the fact that Xg4r = Xzt — Z];:l TH,+s, this can be rewritten as
follows.

E,

o k

k ~
Z (ad) (XH,t — Zﬂ'H,t-s-s + Xy t+k + X0tk — XPtkt — mCH,t+k>] =0
k=0

s=1

Furthermore, using the fact that 33" (@) S5 Tarips = 125 Sopey (a0)* Tar e,y
this can be rewritten as follows.

1 1 - k - k . k
11— a(SXH’t — 1= a(SEt Z (045) TH,t+k + Et Z (04(5) XH,t+k + Et Z (045) XT,t+k

k=1 k=0 k=0

o] [eS)
—Et Z (aé)k XP-Hc,t — Et Z (aé)k MCH t+k = 0
k=0 k=0
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Rearranging this, we have:

o0

oo oo

~ k

XH,t = (045) TH, t+k — 1 — a5 Z XH,t+k: — 1 — a5 Z XT,t+k
k=1 = k=0

(1—-ad) Z Xp+k’t + (1 — o) Z (oa?)]c MCH t+k
k=0 k=0

= Ck57THt+1 (1 a(S)XHt—(1—a(S)XTt—I—(l—a(S)Xpt—i—(l—a(S)mCHt+a(5th+1

Log-linearizing Eq.(7), we have:

(0%

Xp e = TH,t-

11—«
Using this fact, we have:
THt = OTH+1 — AXH,;t — A7t + AXpt + Amepy,
= Oompggt1+ (1 =)Ao — (1 —7) Apme + Amep .
Taking conditional expectation at ¢, the second equality in this equation is

clearly the same as the first equality in Eq.(30) in the text. Other NKPCs are
derived similarly.

Appendix E Welfare Criterion

Following Gali and Monacelli[8] and Woodford[17], we show derivation of the
welfare criterion in the text based on the second-order approximated utility
function Eq.(1) in the present appendix.

The second-order Taylor expansion of U (Cy) = InC; and U (Cf) = InC} is
as follows:

U©) = ettip+o(lel?)
U(C) = ¢ +tip+o(le)’). (63)

The second-order Taylor expansion of V (N;) = l—sl- Nt and V (N}) =

T (N7)'*¢ is as follows:

V(N =V (N) + Vi (N) (N, = N) + 5V (V) (N = N)* 0 ([ e [?) - (64)

with N; being hours of labor and N being the steady-state value of N;. Ex-
panding N; with a second-order Taylor expansion, we have:

1
N, :N+Nnt+§an+o(H a ) (65)

with n; = In N;.
Plugging Eq.(2) into Eq.(1), we obtain:

1
V(Ny) = NH‘P{nt—i— —12—<,0 2}—|—t1p —|—0(Ha|\)
* _ 1+ * 1+<)0 *\2 . 3
V(N/) = N n 5 (n}) +t.1.p.+0(|\a||) (66)
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where we use the fact that (N + Nn, + 1Nn2)® = 2N2n, + 2N?n2 + t.i.p. +
o(la|?) and Viy (N) N = N'*e.
Combining Eqs.(24), (25) and (34), we have:

1 1, 1—n

Ct = §’nt =+ §’nt + B) nt
. 11, 1-
Cy = §’nt + §’nt — T,ynt. (67)

Notice that we use the fact that g/' = 0 implying that union-wide government
expenditure is always zero. When all goods are tradable, i.e. v = 1, this equality
reduces to ¢; = %yt + %y;f . Taking this equality as an exponential equation, we
obtain:

1
2

1 1o
Cy = Ny (Nt*)z N2 (68)

Optimal allocation must maximize U (C;) — V (N¢)subject to Eq.(64) and

technological constraint Y; = N;. An optimality condition is given by:

OU(C) =V (N)) 1y o
o = SN - NF =0,

This equality implies that:

1
Nte = 5 (69)

Combining Eqs.(63), (66), (67) and (69), we obtain:

1- I+ep. .
UC)=V(N) = —2n——L0+tip+o(l¢)
* * 1_7 1+()0 ~ % .
UCH=V(N) = === —2 @)+ tip+o (J))

where 7n; denotes logarithmic hours of labor gap from its natural level. Summing
the above equalities, we can eliminate linear terms as follows:

w= 222 [+ @] +rip+o (el (70)

with W=U (Cy) + U (Cf) — (V (Ny) + V (N])).
Notice that:

1 1 . . 1 . .

N Yo, (i) di Y. (¢) di

N, = Nt(l)dZZYH,thY#ZYN,tfoyit()
0 H.,t Nt

1 N g

Jo Yeu (i) di Jo Y&, (4) di

N = /N* di =Yg =Ynyi—F———
t Ft— ~- YFt N,t Y];k/',t

t }/t* °
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Furthermore:

folY;fi)di_/Ol <%p>—9 ; folYg;*(i)di_/Ol <P§D§i))_0'

Using these facts, we have:
-0
1 . —6 1 * .
L Ppy (i . L Pp, (1) .
Ry = G + ln/ ( P )) +tip. ; =9 + / P’i + t.i.p.
0 Ppy 0 PP,t

Lemma 1 derived by Gali and Monacelli[8] is given by:

w (P’l;,—P“y ORI (S

Lemma 2 derived by Woodford[17] is given by:

o0
25 var; (ppyt ( Z 7rPt
t=0

Combining Lemma 1, Lemma 2, Eqs.(70) and (71), we have:

>/I'—‘

2

Zat{ T+ U@+ () + @ 0) G + e+ o (J6IF).

Appendix F Optimal Monetary Policy Rule

The central bank seeks to minimize Eq.(63) subject to Egs.(46) and (54). The

Lagrangian is given by:

[ L+ paye (Gt — Geg1 + 270 — Tpagr — Tp i1 — Agr) T
Fpoe (T — Gipg + 27 — Tpiy1 — TPE+1 — Afii1)

\ +p3 (Ne1 — Ny — TN 441

L= E() Z 62 +H4,t (ﬂ-P,t — 677P,t+1 — )\Wgt + %nt)

* * ~ A
st (T(Pt 0Tp i1 — AUt — %nt)
tHe,t (7TN t 67TN t+1 T AT — PAYF + )\nt)

FONCs associated with this Lagrangian with respect to ¢, mp,, Tp s Uts Ut
n; and ﬂ'ﬁ,’t are given by:

pistp2e = 0

0
XWP,t +par = 0
XW;’,t +pse = 0
(T4 ) Gt + p1,e + 2 — Aplta + A6t 0
(L4 @) Tf + pae+ p2e — Appse + @Auee = 0
pet = 0

A A

—u3,¢ + %/M,t - %MS,)S + A = 0.
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Rearranging FONCs, we obtain:

g = —Ompy
o= o, (72)
Combining both first and second equalities in Eq.(72) yields:
g’ = —ox}". (73)
Following Monacelli[10], let NKPCs be as follows:

_ A
Tpr = OEmpit1 + Aot — Tnt + &t
* ¢A *
ﬂ—P,t = (SEt’]TP t+1 + )\<pyt 2 nt + Et (74)

where ¢; and e} denote supply shocks that prevent the central bank from si-
multaneously stabilizing inflation and the output gap in countries’ equalities H
and F, respectively.2?

Plugging Eq.(72) into Eq.(74), we have:

™ = —E7 - w)\ ng + L 3

L T W e R F S W) D L S WD W

I " YA 1 .

Pt 14,0 Bimp i T 202" 1+>\¢6t
Iterating forward, we have:

1 s\ YA > s\

TPt = 1+>\¢9j=0(1+>\9,0> ST T+ A0)2 g<1+>\ 0) it
i R I ) > s Y
Th 1+/\¢9j0(1+>\¢9> S T T 20)2 Z<1+>\ 9) g

where we use the fact that ; - )\ 7 < 1. Taking conditional expectations at ¢,
this can be altered as:

T T 1+A02]=0 1+)\9 s
* 1 *

\
QMS

TPt T T 1+)\ 0)2 - <1+)\ 9> Mty (75)

Combining Eqs.(73) and (75), we have:

1 0
W _ W =W _ w
T Taet T+ A0
which implies:
E,mY, = E Y, = 0. (76)

20While ; does not appear explicitly in our model, this is introduced to derive an optimal
policy rule. See Monacelli[10] for details.
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Combining the first and second equalities in Eq.(46), we obtain:
3 = Eefiy | — 27 + Bem)y + 7. (77)
Plugging Eqgs.(73) and (76) into Eq.(77) yields:

. 1_ 0 N
Ty = 57“,5 + §7Tp7t + §7TP¢.

This equality is Eq.(53) in the text.

Appendix G Optimal Fiscal Policy Rule

The central bank seeks to minimize Eq.(63) subject to Eqgs.(46) and (54). The
Lagrangian is given by:

[ L+ pae (e — Geg1 + 27 — Tpygr — Tpi41 — AGi) T
thze (35 = Tipa + 20 — Thy g — TPas1 — Afjeta)
o 3¢ (nt+1 =Ny — WJI\%f,tJrl)
L =Eg tz_; 52 hat (ﬂ'Rt — 0P 41 — Aplt + %nt>
+us,¢ (W}k:ﬂ: - 5”73,t+1 = Aol — %nt>
| thee (T — 07N o1 + PG — @ATF + ANy + 9 Agr) |

FONC:s associated with this Lagrangian with respect to mp¢, Tp 4, Yt, Ui, N,

R R : )
Ty, and g;* are given by:

0
NP +psr = 0
Xﬂ;’t +upse = 0
(L + @) Gt + pre + pae — Appas + Mgy = 0
(L4 @) Uf + pae + p2e — Appse + @Aee = 0
ety = 0
A A
—p3,¢ + %IJA,:‘, - %MS,t +Aer = 0
et = 0.
Rearranging FONCs, we obtain:
Orps + Jr = Onp, + Uy -
This implies that:
ij = _eﬂﬁr (78)

Combining Eq.(74), we have:
Wg,t = 5Et7T11D%,t+1 + )‘gogf —PAn; + 55
with eff = &; — e}. Using Eq.(78), Eq.(79) can be rewritten as:
8
ﬂ-g,t = mEtﬂ-Ig’t_‘—l — 'L[J)\nt —+ €tR. (79)
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Tterating Eq.(79) forward yields:

1 A 5 Y
T = el — v < ) Nigy- (80)
=0

1+ 2,0

Putting Eq.(80) forward one period and taking conditional expectation at
period t, we have:

175 - s Y
Et’“‘ﬁ,t-ﬁ-l = _1 4 )\@9 = 1 + )\(pe nt+1+j' (81)

Plugging Eqgs.(80) and (81) into Eq.(79) yields:

1
n, = wgf (82)
This implies:
Etﬂ-]}\%ﬂt-{-l = —Etnt+1 + N
1

Plugging Egs.(82) and (83) into Eq.(47), we obtain:

R _ 1 A+d
at=gf+ eaﬁg,t + a”ﬁr,t - mnt-

This is Eq.(55) in the text.
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Table 1: Macroeconomic Volatility under Optimal Monetary Policy without
Fiscal Policy: Special Case

vy=1,n=0.44
Variable Shocks
af.t anN,t aF an . d;/v
Ut 0.0000 0.0000 0.0000 0.0000 0.0000
Ui 0.0000 0.0000 0.0000 0.0000 0.0000
TPt 0.0000 0.0000 0.0000 0.0000 0.0000
Th 0.0000 0.0000 0.0000 0.0000 0.0000
7 0.0393 0.0000 0.0393 0.0000 0.2359
n; 0.8966 1.1955 0.8966 1.1955 0.0000
¢ 0.0000 0.0000 0.0000 0.0000 0.0000
cay 0.0000 0.0000 0.0000 0.0000 0.0000
Gt 0.0000 0.0000 0.0000 0.0000 0.0000
fin 0.0000 0.0000 0.0000 0.0000 0.0000
Yt 0.0786 0.0000 0.0000 0.0000 0.0786
yi 0.0000 0.0000 0.0786 0.0000 0.0786

vy=05n=1
Variable Shocks
am, an,: apy an. dy
Ut 0.0000 0.0000 0.0000 0.0000 0.0000

Ui 0.0000 0.0000 0.0000 0.0000 0.0000
TPt 0.0000 0.0000 0.0000 0.0000 0.0000
Ty 0.0000 0.0000 0.0000 0.0000 0.0000

Tt 0.0197 0.0197 0.0197 0.0197 0.2359

n; 0.4483 0.7472 0.4483 0.7472 0.0000

0: 0.2242 0.3736 0.2242 0.3736  0.0000
Cay 0.0000 0.0000 0.0000 0.0000 0.0000

Gt 0.0786 0.1311 0.0786 0.1311 0.0000
97 0.0000 0.0000 0.0000 0.0000 0.0000
Yt 0.0393 0.0393 0.0000 0.0000 0.0786

y; 0.0000 0.0000 0.0393 0.0393 0.0786
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Table 2: Macroeconomic Volatility under Alternative Regimes: Benchmark

Variable Regime Shocks
aft ant aF.t an. d;/v
Tt MP 0.0131 0.0218 0.0131 0.0218 0.0000
Mix 0.0000 0.0000 0.0000 0.0000 0.0000
o MP 0.0131 0.0218 0.0131 0.0218 0.0000
Mix 0.0000 0.0000 0.0000 0.0000 0.0000
TPy MP 0.0000 0.0000 0.0000 0.0000 0.0000
Mix 0.0000 0.0000 0.0000 0.0000 0.0000
Thy MP 0.0000 0.0000 0.0000 0.0000 0.0000
Mix 0.0000 0.0000 0.0000 0.0000 0.0000
Tt MP 0.0197 0.0197 0.0197 0.0197 0.2359
Mix 0.0197 0.0197 0.0197 0.0197 0.2359
n; MP 0.7460 1.2434 0.7460 1.2434 0.0000
Mix 0.0000 0.0000 0.0000 0.0000 0.0000
(o] MP 0.3730 0.6217 0.3730 0.6217 0.0000
Mix 0.0000 0.0000 0.0000 0.0000 0.0000
cay MP 0.0522 0.0870 0.0522 0.0870 0.0000
Mix 0.0000 0.0000 0.0000 0.0000 0.0000
gt MP 0.0000 0.0000 0.0000 0.0000 0.0000
Mix 0.0786 0.1311 0.0786 0.1311 0.0000
a7 MP 0.0000 0.0000 0.0000 0.0000 0.0000
Mix 0.0786 0.1311 0.0786 0.1311 0.0000
Yt MP 0.0524 0.0176 0.0524 0.0176 0.0786
Mix 0.0197 0.0721 0.0197 0.0328 0.0786
y; MP 0.0131 0.0218 0.0131 0.0218 0.0786

Mix 0.0197 0.0328 0.0197 0.0721 0.0786
MP: Monetary Policy without Fiscal Policy
Mix: Optimal Monetary and Fiscal Policy Mix
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Figure 1: Impulse Responses to Shocks under Optimal Monetary Policy without
Fiscal Policy: Special Case (y =1, n = 0.44)
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Figure 2: Impulse Responses to Shocks under Optimal Monetary Policy without
Fiscal Policy: Special Case (v = 0.5, 7= 1)
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Figure 3: Impulse Responses to Shocks under Optimal Monetary Policy without
Fiscal Policy: Benchmark
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Figure 4: Impulse Responses to Shocks under Optimal Monetary and Fiscal
Policy Mix: Benchmark
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Figure 5: Effect on Volatility of Varying Share of Nontradable Goods

—— Monetary Policy without Fizcal Policy
---- Monetary and Fizcal Policy Mix
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Figure 6: Effect on Welfare of Varying Share of Nontradable Goods
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