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Abstract

By constructing a dynamic stochastic general equilibrium model, which assumes a currency
union consisting of two countries with nontradables, we study the importance of fiscal policy
cooperation. As shown in previous studies, we find that the role of fiscal policy is important
in maximizing social welfare. However, we have a contrary result for fiscal policy cooperation.
While the previous studies highlight that fiscal policy cooperation has a nontrivial effect in
maximizing social welfare, we show that fiscal policy cooperation has no benefits regardless
of the share of nontradables. Self-oriented fiscal policy can replicate social welfare under the

cooperative setting.
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1 Introduction

Although widely discussed in the literature on money and finance and international macroeconomics,
currency unions still raise new issues in these fields. The establishment of the European Monetary Union
(EMU), which is the largest and most important, provides researchers with important research agendas.

For member countries of a currency union, who can no longer conduct their own monetary policy, the
role each country’s fiscal policy plays as a stabilization or social welfare-maximizing tool is an important
issue and has been discussed in detail by many authors. Assuming a lump-sum tax, Benigno (2004)
analyzes optimal monetary policy in a two-country model with perfect risk sharing. He implies that a
central bank within a currency union can achieve welfare maximization not only union-wide but also in
each country without support from a fiscal authority. After introducing some frictions, this implication
changes. Assuming a currency union consisting of an infinite number of countries, Gali and Monacelli
(2008) insist on a monetary and fiscal policy mix to maximize social welfare. Under this framework, the
central bank can maximize union-wide welfare, whereas it needs strong support from the fiscal authorities
to maximize welfare in each country. Introducing rule-of-thumb consumers, who are constrained to
spending out of their current disposal income, Colciago et al. (2008) find that fiscal policy plays a role
not only as a surrogate for the loss of nominal exchange rate flexibility, but also as a stabilization tool for
rule-of-thumb consumers’ consumption. Ferrero (2009) analyzes optimal monetary and fiscal policy in a
two-country currency union with a distorted steady state, and finds that optimal fiscal policy is essential
in a currency union to maximize social welfare. While these papers only assume tradables, Duarte and
Wolman (2008) introduce nontradables in their currency union model and show that inflation differentials
can be stabilized by adjusting taxation, although they did not consider optimization problems for policy
authorities. To summarize the policy implications of these previous studies, fiscal policy is important for
stabilizing an economy or enhancing social welfare in a currency union under assumptions that take into
account the real economy.

After accepting the importance of fiscal policy in a currency union, we now focus on how to conduct
fiscal policy. In particular, discussion on fiscal policy cooperation is not trivial because the EMU consists
of many countries. At present, only Beetsma and Jensen (2005, henceforth BJ) have clear policy impli-

cations on this topic; fiscal policy cooperation is essential and important for enhancing social welfare via

1 According to Rose (2008), the EMU is the largest and most important currency union.



avoiding Nash equilibria brought about by noncooperative fiscal authorities.?

It cannot be said that the importance of fiscal policy cooperation is an established policy implication
with no opportunity for further discussion because only BJ show the importance of fiscal policy coopera-
tion. However, the Maastricht Treaty and the Stability and Growth Pact provide the legal foundations for
organizing fiscal cooperation in the EMU.? According to BJ, there is pressure for more fiscal cooperation
in Europe. In addition, the fiscal crisis in Greece in March 2010 urges the member countries of the EMU
implementing cooperative financial assistance, and provides policy authorities with motivation to discuss
the necessity of fiscal policy cooperation. There is room for fuller discussion of fiscal policy cooperation
in a currency union because so far only BJ have analyzed it clearly, and such a discussion is an urgent
task for researchers because of the current situation in Europe.

How important is fiscal policy cooperation in a currency union? To answer this question, we construct
a dynamic stochastic general equilibrium (DSGE) model with a currency union consisting of two countries
with nontradables. Introducing nontradables is not trivial because BJ assume only tradables. Using this
model, we analyze two policy regimes: (i) optimal monetary policy alone, where the central bank conducts
monetary policy to enhance social welfare; and (ii) the optimal monetary and fiscal policy mix, where
not only the central bank but also local governments in two countries seek to enhance social welfare,
under both cooperative fiscal authorities and self-oriented fiscal authorities. In addition, we solve an
optimization problem based on a well-microfounded loss function and conduct welfare analysis, which
Duarte and Wolman (2008) who develop a currency union model with nontradables to analyze fiscal
policy, leave for future research.

The answer to our question is that there are no gains from fiscal policy cooperation. Interestingly,
our policy implication is not dependent on the share of nontradables. Whether there are nontradables
or not, self-oriented fiscal policy can replicate the allocation brought about by a cooperative setting.
This implication is contrary to BJ. In addition, it is contrary to Liu and Pappa (2008), who show the
importance of policy cooperation in a two-country model with nontradables under a flexible exchange
rate. Our policy implication is novel compared with previous studies. In addition, our policy implication

does not necessarily depend on parameter values, which removes fiscal authorities’ incentive to change

2Duarte and Wolman (2008), analyzing fiscal policy in a currency union with nontradables, left an analysis of fiscal
policy cooperation as a future research agenda.

3BJ do not mention the plausibility of the Stability and Growth Pact itself. Canzoneri, Cumby and Diba (2001) discuss
fiscal discipline and exchange rate systems and conclude that to maintain a common currency union, the discipline of a
Ricardian regime is essential. They also point out that the fiscal constraint written into the Stability and Growth Pact is
sufficient for a Ricardian regime, although they do not mention fiscal policy cooperation.



the terms of trade (TOT), but may depend on the choice of stabilization tool for fiscal authorities. In a
later section in this paper, we discuss why our policy implications do not depend on parameter values,
and compare the results of our paper with those derived by previous papers.

Before we analyze fiscal policy cooperation, we show that as the share of nontradables increases, the
role of optimal fiscal policy in enhancing social welfare becomes more important. Nontradables lead to
consumption disparity between two countries, which stems from the consumer price index (CPI) disparity
between the two countries. That nontradables causes the CPI disparity is consistent with Lipinska (2008),
who analyzes optimal monetary policy in countries wanting to join the EMU, and shows that nontradables’
productivity shocks lead to a stronger real exchange rate depreciation. This is the reason why fiscal policy
is important provided it is used to stabilize each economy by mitigating the CPI disparity.

The paper is organized as follows. Section 2 constructs the model. Section 3 presents a log-linearized
version of the model. Section 4 analyzes a role of optimal fiscal policy under a cooperative setting.
Section 5 considers the self-oriented policy settings needed to secure the allocation brought about by a

cooperative solution. Section 6 concludes the 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, following Obstfeld and Rogoff (2000) and Gali and Monacelli (2005).*
The union-wide economy consists of two equally sized 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].

2.1 Households

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

[e.e]
UEEQZ(StUt, (1)
t=0
where U; = InC, — —— N} denotes the period utility in country H; E; denotes the expectation,

1+ 't

conditional on the information set at period ¢; § € (0,1) denotes the subjective discount factor; C;

denotes consumption in country H; Ny = Np: + Ny+ denotes hours of work in country H; Ny and

4 Appendices clarifying not only the derivation of the model but also details on other technical aspects are provided at
the authors’ website, the URL: http://www.cku.ac.jp/okano/papers_e.html..



Ny + denote hours of work to produce tradables produced in country H and nontradables produced in
country H, respectively; and ¢ denotes the inverse of the labor supply elasticity. The preferences of the
representative household in country F' is defined analogously. Quantities and prices particular to country
F' are denoted by asterisks while quantities and prices without asterisks are those in country H.

More precisely, private consumption is a composite index defined by:

Cr= ’)’WCTZ: + (L= CNZ: ) (2)
where C1; = 2037t01§7t denotes the consumption index for tradables; Cp ¢+, Cr: and Cyr+ denote Dixit—
Stiglitz-type indices of consumption across the tradables produced in country H and produced in country
F, and nontradables produced in country H, respectively; v € [0, 1] denotes the share of tradables in the
CPI; and n > 0 denotes the elasticity of substitution between tradables and nontradables. Note that C}
is defined analogously to Eq.(2) whereas Cj.+» denoting the nontradables produced in country F replaces
Cn 4.8

Total consumption expenditures by households in country H are given by Py :Cr: + Pr:Crt +
Ppn 1Cpn ¢ = P,Cy, with Py and Pr; being Dixit—Stiglitz-type indices of the price of tradables produced
in countries H and F', respectively, and Py being Dixit-Stiglitz-type indices of the price of nontradables

produced in country H. A sequence of budget constraints in country H is given by:
D +WiNy + Sy > PC; + EiQy,141 D7 1, (3)

where Q;+11 denotes the stochastic discount factor, D} denotes the nominal payoft of the bond portfolio
purchased by households, W; denotes the nominal wage, and S; denotes profits (net taxation) from

ownership of the firms. The budget constraint in country F' is defined analogously. Furthermore:

1
Po= 7P+ (=B (4)

L1
denotes the CPIL, Pr, = Pj Pj, denotes the price index of tradables. P; is defined analogously to
Eq.(4), whereas Py +, denoting the price of nontradables in country F', replaces Py ;. We assume that
the law of one price always holds, thus Py = Pj;, and Pp: = Py, implying that the prices of tradables

are equal in both countries. However, Py, and Py, are not necessarily equal in both countries because

5Following Stockman and Tesar (1995), we assume that 7 is not necessarily unity, whereas Obstfeld and Rogoff (2000)
cr,cy)
T.t Nt

implicitly assume that 7 is unity. Obstfeld and Rogoff (2000) assume C; = T

This implies 7 = 1 in our paper.



these represent the prices of different goods. These facts imply that purchasing power parity (PPP) does
not necessarily hold. When all goods are tradable, Eq.(4) implies P, = P;*; namely, PPP always holds.
The optimal allocation of any given expenditure within each category of goods implies the demand

functions, as follows:

2 P

1Py 1
Cygi=~—= : Cri; Cpy= =
Ht =3 (PTt> 745 Crg )

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

by:

c\P 1 4%
0By [ 42" | = = ; C\Nf = =1, 6
t (Ct_lpt-‘,-l Rt tivVe Pt ( )

where R; = 1 + r; satisfying R, 1= E:Q¢ ++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 r; denotes the net nominal interest rate. The first equality in Eq.(6) is an intertemporal optimality
condition, namely the Euler equation, and the second equality in Eq.(6) is an intratemporal optimality
condition. Optimality conditions in country F' are given analogously.

Combining and iterating the first equality in Eq.(6) with an initial condition, we have the following

optimal risk-sharing condition:
Ct - ﬁC:Qh (7)

with Q; = %: denoting the CPI differential between the two countries and ¥ denoting a constant de-
pending on the initial value. When C_; = C*; = P_; = P*; = 1, we have ¢ = 1.5 In addition, we
have C; = C} which implies that the marginal utility of consumption is equal between the two countries;
namely, consumption is equal between the two countries because of the logarithmic utility function when
PPP is applied. Our paper allows the existence of nontradables and if there are nontradables, C; = Cf
no longer applies because Q; # 1. In that case, there is consumption disparity between the two countries
and the single central bank can no longer stabilize both countries simultaneously. Hence the necessity of
using fiscal policy to stabilize the economy of each country if there are nontradables. This is an intuitive
explanation as to why fiscal policy is important in a currency union with nontradables.

Eq.(7) is useful for understanding intuitively why Gali and Monacelli (2008) insist on the importance

of fiscal policy although they only assume tradables in a currency union that consists of an infinite

6See Chari, Kehoe and McGrattan (2002) for details.

Pei\ ! P 7 NP
( F’t> Cri, 3 CT,tZ’Y( ;t> Ci; Cnpe=(1-7) (ﬁ) Ci. (5)



number of infinitesimally small countries. Because the home country is infinitesimally small, the share
of the home country price index in the union-wide price index is negligible. The marginal utility of
consumption between the home country and the union as a whole is not equal and there is opportunity

to conduct fiscal policy independently in each country.”
2.2 Firms

Each producer uses a linear technology to produce a differentiated good as follows:
YH,t (h) = AH,tNH,t (h) y s YN,t (h) = A/\/’,tNN,t (h) ) (8)

where Yz (h) and Y (h) denote the output of tradables h produced in country H, and output of
nontradables h produced in country H, respectively, and Ap, and Axr; denote stochastic productivity
shifters associated with tradables produced in country H and nontradables produced in country H,
respectively. Each producer in country F' uses a technology similar to that in country H.

Each firm produces a single differentiated good and prices its good to reflect the elasticity of sub-
stitution across goods produced 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 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 ¢, firms seek to maximize the expected discounted value of profits.

The first-order necessary conditions (FONCs) are as follows:

o0

E; Z (@0)* (P Crok) " Yeroan (pH,t - CMC?I,H-IC) = 0
k=0

E; (@0)" (PerCrrn) " Yv,es (PN,t - CMCJT\LT,t-Q—k) = 0, 9)
k=0

where MCp, = (1—71'+4H,t and MCY,, = (I_XVW denote the nominal marginal costs associated with

tradables produced in country H and nontradables produced in country H, respectively; ?H,t and Y/N,t

"The reason why fiscal policy is important in a currency union is consistent with this paper and Gali and Monacelli
(2008); however, the stabilization tools and settings in these two papers are clearly different. We assume that the fiscal
authorities adjust the quantity of government bonds, while Gali and Monacelli (2008) assume that the fiscal authorities
adjust government expenditure. In their setting, fiscal authorities’ funds are lump-sum taxes, while in our setting, fiscal
authorities’ funds are obtained by issuance of government bonds. Such new bond issues change the distribution of private
savings and that may change output and inflation. In Gali and Monacelli’s (2008) lump-sum taxes setting, how the
government secures funds for spending is not clear because such a setting does not show an explicit government budget
constraint. In contrast, we show clearly how to manage government debt to maximize social welfare by introducing explicitly
a government budget constraint.



denote the total demands following changes in the prices of tradables produced in country H and non-
tradables produced in country H, respectively; pH,t and prt denote the adjusted prices of tradables
produced in country H and nontradables produced in country H, respectively; and { = e;fl is a con-

stant markup, € > 1 denotes the elasticity of substitution across goods produced within a country and 7

denotes the tax rate.® Note that (P,H_kCH_k)*l is the marginal utility of nominal income.
2.3 Local Government

Whereas monetary frictions are omitted and the limitations of a “cashless economy” are considered
following Woodford (2003) throughout this paper, monetary policy has important implications for fiscal
decisions, as the level of the interest rate determines the debt burden and the inflation rate affects the real
value of debt. Fiscal policy consists of choosing one-period nominal risk-free debt to finance an exogenous

process of public spending.® The flow government budget constraint in country H is given by:
Bi' = Ry 1Bi" — [Ppym (Y +Yni) = Par (Gue + Gaa)l, (10)

where By = P;B; denotes the nominal risk-free rate on bonds issued by the local government in

country H; B; denotes the real risk-free rate on bonds issued by the local government in country H;

P _ P Y i+Pn YNt
Pt =

SRS denotes the weighted average price of goods produced in country H, namely,

P, tGH,t+Pn,tGN ¢
GH,t+GN ¢

the producer price index (PPI) in country H; and Pg,; = denotes the average price
of goods purchased by the government in country H. The local government in country F' has a budget
constraint similar to that shown in Eq.(10). For simplicity, we assume that government purchases are
fully allocated to a domestically produced good and that the total amount of these is exogenous. For
any given level of public consumption, the government allocates expenditures across goods in order to
minimize total cost. This equation becomes the New Keynesian IS (NKIS) curve after being combined

with Eq.(6) and log-linearized with the appropriate transversality condition.!?

8Ferrero (2009) regards it as a value-added tax rate.

9We assume the tax rate is common in each country and constant over time for simplicity, whereas Ferrero (2009),
Schmitt-Grohe and Uribe (2004) and Canzoneri, Cumby and Diba (2001) assume it can vary in each country and over time.
In contrast, Gali and Monacelli (2008) assume a constant (negative) tax rate similar to our paper. A constant tax rate over
time reflects actual regimes, not only in the Euro area, but also in other countries, because adjustments of the tax rate are
infrequent.

10The transversality condition is given by klgr;o E; [th% (BZ + BZ")} = 0 and kgngo E: [ycftUC ©) RB] — 0 with

B = B* > 0, which are consistent with Ferrero (2009) where variables without a time subscript denote steady-state values.



2.4 Market Clearing

The market for tradables and for nontradables in country H clears when domestic demand equals domestic

supply, as follows:
Yui(h)=Cui(h) +Chy(h) + Gue (h) 5 Yai(h) = Cni(h) + Gur (B), (11)

where CF; (h) denotes country F’s demand for generic tradables produced in country H.

Finally, we define countrywide output and government expenditure as follows:

P, P
Lt Y+ N Yyve 3 Gi=—==Gg:+
Pp, Pp,

P
Y, = Nt

Gn it (12)

)t

where Y; and G, denote output and government expenditure in country H, respectively.
3 Log-linearized Model

This section describes the stochastic equilibrium that arises from perturbations around the deterministic
equilibrium. Lowercase letters denote percentage deviations of steady-state values for the respective
uppercase letters when there is no note to the contrary (i.e., v; = %, where V; denotes an arbitrary
variable and V' denotes the steady-state value of V;). Lowercase letters accompanied by R as a superscript
indicate the logarithmic difference between the two countries for the respective uppercase letters (i.e.,
vl = v, — v}), while lowercase letters accompanied by W as a superscript indicate the logarithmic

weighted sum of the two countries for the respective uppercase letters (i.e., v}V = % (v + vf)).

Combining Eqs.(4), (5) and (10)—(12) and the log-linear approximation, we have NKISs as follows:

_ Bw . - R Bw . Bw ,.w  Bw
g = mEtyK(J — Pw it + ﬁWEtﬂ'Kfq + 5 Tt Bwby” + Tb TT"XV»
i 1_\B _
o C R B g - C sl (09
R _ R R 3
Uy = —PBroby 4+ Pr(1—7)vng — Br (1 —)ni_1 + Brbi_y — Byamy,
+ Bryaps — B(L—7)an + B (1 =) ak, +sroagi (14)

where §; = y; — 4 denotes the logarithmic output gap measured from its natural level in country H
and 7; denotes the logarithmic natural output level in country H, which becomes 3; = 0 under the
_ dR:

long run equilibrium; 7; = %3+ denotes the deviation of the nominal interest rate from its steady-state

value; 7; denotes the CPI inflation rate in country H; n; denotes the logarithmic nontradables price

disparity between countries H and F' (NPD) with N; = PN t Bw = ﬁ, Br = = U‘;’féi ‘(716)6)03



v=1-(1-0)w @w=1+(n—1)7, vy = lLelrc)ti-os] = d=oe)o=(=0on] 3 =1 _ Bwer

op+(l—og)Tt VR = (1—0g)dT—(1-8)opB"’ l1—og’
— 2 — (1-0c 1+ — 1 — 1 — B e
ﬂN:1_ﬁ1‘f—£g[)ﬂ:(67))\()7gW:VW+(1ﬁXVa’ZS/\_Xand§R:VR_X7UB:Vando-G:?

being the steady-state ratio of government bonds to output and the steady-state ratio of government
expenditure to output, respectively; and pg < 1, p7 < 1 and pnr < 1 being the coefficient associated
with exogenous processes on government expenditure, on the productivity shifter of tradables and on
the productivity of nontradables, respectively.'''?> When all goods are tradables, v = 1 is applied and
Eq.(14) equals: §f = —BrobE + BrbE | — yam: +var: + srocgl, in which not only the productivity of
nontradables axs; and a}‘\[,t, but also the NPD n; disappears. The appearance of the NPD in the equality
implies that nontradables magnifies the output gap disparity between the two countries although risk
sharing is perfect internationally. This is the reason why a higher share of nontradables increases the
importance of the role of fiscal policy in maximizing social welfare. In addition, we can understand why
Ferrero (2009) highlights the importance of optimal fiscal policy in a currency union, although he does not
assume nontradables. When the steady-state value of the quantity of government bonds and expenditure
are zero, og = og = 0, which implies an efficient steady state and this is assumed by Benigno (2004). In
this case, Eq.(14) becomes: §f* = —yay,+7a F,t, which implies that only productivity affects the output
gap disparity.'®> Following Ferrero (2009), we assume a distorted steady state where o5 = o0g = 0 is not
applied. In this case, relative government expenditure affects the output gap disparity and the role of
fiscal policy is larger than the case of o = og = 0, although there are no nontradables.

Combining Eqs.(5)—(9), (11) and (12) and taking a log-linear approximation, the NKPCs in terms of

the output gap are given by:

KA VK
Yt B)

wpt = 0Eymp 1 + N, (15)

1—o0¢
where mp; denotes the PPI inflation rate in country H with x = (1_0‘)(&;@, A=1+(1-o0¢)p and
Y = (1—7)y(n—1) along with its counterpart in country F. When v = 1, Eq.(15) is written as
mpt = 0B mp i1+ %gt, which corresponds with that derived by Gali and Monacelli (2005), who insist
that inflation—output tradeoffs can be dissolved simultaneously in a small open economy under strong

parameter restrictions by inflation targeting. Indeed, when inflation targeting, such as 7p; = 7p, = 0

for all ¢, is introduced in our currency union with special restrictions, i.e., y =1 and o = og = 0, these

11We assume that the government expenditure and productivity shifters follow AR(1) processes (see Subsection 4.2.)

12In our model, the tradables and nontradables sectors are combined by log-linearlized Eq.(12) y¢ = vyt + (1 — ) yar,e-
Because of the log-linearlized definition of PPI, relative prices disappear in log-linearlized Eq.(12).

131n addition, y{z = 0, which implies that there is no output disparity in that case.



equalities imply that §; = g = 0 for all ¢ and that the output gap is eliminated.
Combining Egs.(5)—(9), (11) and (12) and taking a log-linear approximation, we have the New Key-

nesian real exchange rate determiner (NKRD), which is our version of the real exchange rate determiner,

as follows:
TNy = OEh 1+ roil +rng — koY (1= B) apy + oy (1= B) ape — s [1+ ¢ (1—7) (1= B)] ans,
2 * ROG 90 R
T+o(1—7) (1= - (1 - —) , 16
+r[1+e1—7) (1-08)]ay, T —ou T ) 9 (16)
where 7%, = — (ny — n;_1) denotes relative nontradables inflation. Eq.(16) equals q; = 0 which implies

that the CPI disparity disappears between the two countries when the currency union has no nontradables;
i.e., as v = 1.14 In that case, the problem with the CPI disparity is resolved, because each country has the
same CPL. This implies that PPP holds. Furthermore, because log-linearized Eq.(7) is given by q; = c£,
¢k = 0, which means there is no consumption disparity between both countries when q; = 0.

Benigno (2004) and Gali and Monacelli (2008) assume that all goods are tradable and that the law
of one price holds. However, PPP does not necessarily hold in Gali and Monacelli (2008). They assume
a currency union that consists of an infinite number of countries, whereas Benigno (2004) assumes a
currency union consisting of two countries. The settings in Gali and Monacelli (2005) make a distinction
in the CPI between that of an infinitesimally small country’s economy and that of the union-wide economy
because the CPI in the former country does not affect the union-wide CPI. This stems from the small
open economy assumption. Thus, q; = 0 is not applied in Gali and Monacelli (2008), although all goods
are tradable. In a later section, we suggest that optimal fiscal policy is very important for stabilizing both
inflation and the output gap simultaneously because of the influence of the nontradables. The assumption
of a small open economy does not permit us to apply q; = 0. Thus, the policy implications of Gali and
Monacelli (2008) and this paper are very similar, whereas the policy implications of Gali and Monacelli
(2008) and Benigno (2004) are contrary.

Eq.(16) depicts the real exchange rate anomaly, which is reported by Benigno and Thoenissen (2005)
and Canzoneri, Cumby and Diba (1999), who find that the actual direction of changes in the real exchange
rate cannot be explained by the Balassa—Samuelson theorem. Eq.(16) well reflects their findings in a well-
founded micro setting. However, it cannot be easily understood because Eq.(16) has correctly assumed

nominal rigidities. To understand the nature of Eq.(16), we inspect Eq.(16) without nominal rigidities.

14We obtain this result by substituting log-linearized Eq.(4) into Eq.(16).

10



Under such a condition, Eq.(16) can be rewritten as:

g = A-N{ey(Q-B)ags+[1+¢e(1l—7) (1-08)]an:— oy (1—-5)ar:
o) * QOO'
~ [ e (1=2) (L= B)] div, - 2258 (7)

because o« = 0 and §; = gy = 0 hold. Eq.(17) implies that an increase in the productivity of tradables
produced in country H causes an increase (depreciation) in the real exchange rate. An increase in the
productivity of tradables produced in country H causes a decrease in the CPI in country H via a decrease
in the real marginal cost in the tradables and the nontradables sectors. Finally, the real exchange rate
increases (depreciates).

In addition, our NKRD is consistent with Altissimo et al.’s (2005) equality, which determines the
real exchange rate and corresponds to our NKRD. Their equality shows that the productivity shifter
of tradables does not affect the real exchange rate and only the productivity shifter of nontradables
affects the real exchange rate, under their special setting where the relative risk aversion, the elasticity
of substitution between tradables and nontradables, and the elasticity of substitution between tradables
produced in countries H and F' are all unity. Their special setting is consistent with our model, because
we assume Eq.(1) and an Armington form of the definition of the consumption index for tradables and
the elasticity of substitution between tradables and nontradables does not appear in Eq.(16). Altissimo et
al. (2005) assume zero steady-state government expenditure, which corresponds to G = 0. Substituting

G =0 into Eq.(17) yields:

. dG,\*
ar = (1—7) |an,t — aj, d <_t>

__r 18
Tol4+e\ Y ’ (18)

which is consistent with the equilibrium condition on the CPI differential under the special case corre-
sponding to our setting derived by Altissimo et al. (2005), who said that the Balassa—Samuelson effect

disappears in that special setting because the productivity shifter of tradables disappears as in Eq.(18).1
4 Optimal Cooperative Solution

In this section, we analyze the macroeconomic implications of an alternative policy regime for the Euro

area: an optimal monetary policy alone regime and an optimal monetary and fiscal policy regime under

15 Altissimo et al. (2005) show that an increase in the productivity of nontradables in the home (foreign) country
increases (decreases) the real exchange rate, while an increase in government expenditure in the home (foreign) country
decreases (increases) the real exchange rate when relative risk aversion, the elasticity of substitution between tradables and
nontradables, and the elasticity of substitution between tradables produced in countries H and F' are all unity. Because
we consider a currency union, the logarithmic real exchange rate corresponds to the CPI disparity q¢. Thus, Eq.(18) is
consistent with the equation derived by Altissimo et al. (2005).

11



a cooperative setting. Furthermore, we assume that each policy authority is responsible for minimizing
social losses. Under an optimal monetary policy alone regime, the central bank is the only policy authority,
whereas the central bank and local governments in the two countries are both authorities under an optimal
monetary and fiscal policy regime. Policy authorities seek to minimize the social loss function subject
to our structural model.'® Hereafter, let us assume 1 = 1, implying that the elasticity of substitution
between tradables and nontradables is unity, which is assumed implicitly by Obstfeld and Rogoff (2000),
for simplicity.

The period loss function is derived by the welfare criterion. The welfare criterion is derived by
subtracting a second-order approximated FONC for firms Eq.(9) M" from a second-order approximated

utility function Eq.(1), which is given by:

kad 1 ~ ~% ~ ~% % ~ ~% %
WY —om" = B o {mwl {yf + (7 )2} —wy (Grar + §7a;) — ws (g + 75 97)
t=0
1 « 2 (0] (1 — FL)\) ~ . 3
+on [mh + ()7 + T i o (Jel”)

with WW = Eq §05t (U —UWY) denoting the sum of the discounted value of the deviation of utility
=

from its steady-state value, ® = 1 — I_TT denoting the steady-state wedge between the marginal rate

of substitution between consumption and leisure and the marginal product of labor, t.i.p. denoting the

terms of the independent policy, o (Hf ||3) denoting the terms that are higher than third order and w, ws,

w3 and w4 being complicated coefficients that consists of structural parameters in our model. Plugging

the fact that Eg Y .o, 6“1)51_;0':\)@?/ + ®MW =T into this equality, we have:

Ay A Ax 2 ﬁ

1 . ~ A~ x \2 .
wW = _EEO Z5t {79:&2 + 7y (9 )2 + — TP + 9 (WP,t) + Ty +tip.+o (||§||3> )
=0

which is the welfare criterion without linear terms where; 4§, = y: —y; denotes the welfare-relevant output

gap; yf = Qvam: + Q1 (1 — ) ant + Q26 denotes the logarithmic efficient level of output in country

H; and Ty = %ﬂ'}% denotes a transitory component which is predetermined;, with A, = (Tj:i’;z,

Ap =B L 20 = (14 0)(1+®)(1-06),s=(1+9)>(1—-0g) —0% and © = a (40 — 1) — 3;

™ = (1-0g)k

and Q; and €, are complicated coefficients that consist of structural parameters in our model.
Because the transitory component is predetermined over the set of admissible policies, the higher
values of this welfare criterion correspond to lower values of the loss function, which is given by:
(oo}
LV =Ey» &Ly, (19)

t=0
16Qur structural model consists of Egs.(13)—(16) and a counterpart of Eq.(15) in country F.
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with:

1A, . Ay A A
=g |20+ 5 0

(9: )‘*’77"1?1:‘1‘7(77191:) ) (20)

where L}V denotes the union-wide period loss function.!”

We now consider the difference in welfare loss between our paper and the DSGE literature for an
open economy. Our period welfare loss Eq.(20) has two features that do not appear in other period
welfare functions. First, Eq.(20) implies that policy authorities should not minimize the output gap g,
but should minimize the welfare-relevant output gap g; because of the distorted steady state and the
nonzero steady state value of government expenditure. When the steady state is efficient and government
expenditure is zero in the steady state, namely, both ® = 0 and og = 0 are applied, Eq.(20) can be

rewritten as follows:

(1+SD)~2 (1+QD) ~5%\ 2 0 2 9 * 2
1 Yy + 4 (77)" + EWP,t + 1n (WP,t) )

LY =

which implies that the policy authorities have to minimize the output gap. This expression is similar to
Gali and Monacelli (2005) and Gali (2008). Note that Qq =1, Q; =0 and yf = = vag+ (1 — ) ane
when ® =0 and og = 0.

Second, by rewriting Eq.(20), we can see that nontradables affect the form of the period loss. Using

log-linearized Egs.(5) and (11), Eq.(20) can be rewritten as follows:

e Ay —a))? _ Ay [(1 =)@ (1—00))? ~
LXV _ Ay (yl/V) + y[’}/( 1 G)] (tt_tt)2+ y[( 7)4 ( G)} (nt _nt)
A2y(1—0e)’ (1—7)w Ax Ar
L 7 ( Z) (1-7) ttnt+7w%7t+7(wp7t)2,

where t; denotes the logarithmic TOT with T; = P , t; and ny denote the logarithmic target level of

the TOT and the NPD, respectively, with t; = n, = 1?;G apgt+ 3(11( Ug)) an,— ﬁ—;capyt S(l(lgg)) a4+

?f gg)gt implying that both the target level of the logarithmic TOT and the NPD are equal. As

shown in this equality, not only minimization of the distance of the TOT from its target level, but also
minimization of the distance of the NPD from its target level are imposed policy objectives. Furthermore,

a cross-term of the TOT and the NPD appears in this equality. These facts imply that stabilizing the

17Sutherland (2004) and Benigno and Woodford (2003) derive the second-order approximated utility function without the
presence of a linear term under the distorted steady state. Thus, we follow Benigno and Woodford (2005) to derive Eq.(20)
because of the distorted steady state in our model. See Appendix D on the authors’ website for details on the derivation.
Note that Woodford (2003) discusses how the presence of linear terms generally leads to an incorrect evaluation of welfare.
A simple example of this result is proposed by Kim and Kim (2003).
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NPD is essential for minimizing social loss in a currency union with nontradables. However, when all

goods are tradable, namely v = 1, this equality boils down to:
W 2
LYV = Ay (yfV ) +

which is a familiar expression in the open economy version DSGE literature, such as Benigno and Benigno
(2008), assuming all goods are tradable except for the welfare-relevant output gap replacing the output
gap. Because our model allows for nontradables, our welfare loss does not necessarily correspond to the
welfare loss in other DSGE studies for an open economy.

Note that the linear constraints implied by our model’s structural equations in terms of the welfare-
relevant output gap differ from the constraints implied by the equations in terms of the output gap. By
using the definition of the welfare-relevant output gap, the NKPC in country H Eq.(15) can be written

as follows:

mpt = 0Empy1 + Ui + E¢, (21)

1—o0¢
where &, = kK (1 + ¢) Qsvap: + £ (14 ¢) Q3 (1 — ) ant — KogQag: is a composite cost-push term with
Q3 and €24 denoting complicated coefficients. This NKPC corresponds to the one derived by Benigno and
Woodford (2005). A composite cost-push term indicates the degree to which the exogenous disturbances
preclude simultaneous dissolution of the tradeoff between inflation and the welfare-relevant output gap.
Thus, the inflation—output gap tradeoffs can no longer be dissolved completely, even if all goods are

tradable.

4.1 Role of Optimal Fiscal Policy

We next investigate the role of optimal fiscal policy by comparing FONCs, which clarify the relation-
ship between PPI inflation and the output gap under the optimal monetary policy alone, and under
the optimal monetary and fiscal policy. Under both regimes, policy authorities minimize the sum of
the discounted value of social losses in Eq.(19), subject to the structural model with commitment.!®
Under the optimal monetary policy alone, only the central bank minimizes Eq.(19) by choosing the se-
quence {7Tp’t, Tp e Yt Ui s Nt f't}z o while both the central bank and two local governments cooperatively

minimize Eq.(19) by choosing {TFp’t,ﬂ';;,t,gt, U5, N, T, by, bf }:io under the optimal monetary and fiscal

policy.

18Because of commitment, lagged Lagrange multipliers appear in the FONCs for policy authorities. This means that
policy authorities are able to affect the private sector’s inflation expectations. See Appendix E on the author’s website.
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4.1.1 Optimal Monetary Policy Alone

Under the optimal monetary policy alone, the FONC for union-wide inflation and the output gap is given

by:

A, (1—-0g) . .
WW:—% (" —a¥1), (22)

which is a familiar expression in papers on optimal monetary policy in an open economy. This implies that
local government does not need to dissolve union-wide inflation—output tradeoffs. A solitary central bank
can stabilize both inflation and the welfare-relevant output gap simultaneously, even though nontradables
exist.!?

Next, we investigate the relative block of the FONC. We are interested in the effects of nontradables.
Thus, we analyze the relative block of the FONC in both cases: namely, the case where all goods are

tradable and the case where there are nontradables. When all goods are tradable, namely, v = 1, the

relative block of the FONC is given by:

A (1 —oq) ;. R 2 (1 —0G
TH, = _yAim) (9 — 9q) — ﬁ)\) (M2, — p2,0—-1) (23)

where p15; denotes the Lagrange multiplier associated with Eq.(14); that is, the relative block of the NKIS.
This case corresponds to Ferrero’s (2009) setting. Eq.(23) implies that the inflation—output tradeoffs no
longer disappear simultaneously. Because of this, Ferrero (2009) insists that fiscal policy is needed to
enhance social welfare. Next, we abandon the assumption that all goods are tradable. In this case, the

relative block of the FONC is given by:

2(1-o0¢) 4(1—o0¢)kp

Ay, (1—0g)
R _ Ay R ~R O\ _ . _ _
Tpt — 7/&#&)\ (yt yt—l) 7/&#&)\ (H2,t M2,t—1) ArkA(L+0 + ) (H5,t M5,t—1),
1
= (1- — U5 24
5.t (1 —7~)Bropa, + 1 +5+H,u5,t 1 (24)

where 5, denotes the Lagrange multiplier associated with Eq.(16), the NKRD. The two equalities in
Eq.(24) imply not only that the inflation—output tradeoffs do not disappear simultaneously, but also that

the relationship between inflation and the output gap is weakened.

19Because of the distorted steady state, the NKPC in terms of the welfare-relevant output gap includes a cost-push term as
shown in Eq.(21). This term indicates the degree to which the exogenous disturbances preclude the simultaneous dissolution
of the tradeoff between inflation and the welfare-relevant output gap. While we have the FONC Eq.(22), the inflation—
output gap tradeoffs cannot be completely dissolved but they are close to being dissolved. Under our parameterization,
which is shown in Section 4.2.1, the standard deviations of the union-wide inflation rate and the welfare-relevant output
gap are 6.3215e-005 and 0.0014, respectively. These standard deviations are equivalent under both optimal monetary policy
alone and optimal monetary and fiscal policy.
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4.1.2 Optimal Monetary Policy and Fiscal Policy

Under the optimal monetary and fiscal policy, the FONC for union-wide inflation and the output gap is
given by Eq.(22). Thus, the union-wide inflation and the welfare -relevant output gap are stabilized by
optimal monetary policy and fiscal policy although nontradables exist in a currency union.

The FONC for relative block inflation and the welfare-relevant output gap is given by:

g, - Mlooe) gr_gr (25)

Yo —

This equality also implies that relative inflation and the welfare-relevant output gap are stabilized by
optimal monetary policy and fiscal policy. Both Egs.(22) and (25) imply that inflation—output tradeoffs
disappear, not only at the union-wide level, but also in each country under the optimal monetary and
fiscal policy regime. Note that we have Eq.(25), even though nontradables exist.

Why do we have Eq.(25) rather than Eq.(24)? Under the optimal monetary and fiscal policy, we
have pus: = 0 as the optimality condition along with optimality conditions derived under the optimal
monetary policy alone, because we not only have the nominal interest rate, but also government bonds
in the policy function. We obtain Eq.(25) by substituting ps; = 0 along with the initial condition
ps,—1 = 0 into Eq.(24). Because of this, we have u5; = 0, although this equality is not obtained directly
by implementation of fiscal policy. This fact implies that optimal fiscal policy removes the effects of
the CPI disparity, which introduces the consumption disparity between both countries by removing the

disparity in the demand block.

4.2 Sensitivity Analysis

4.2.1 Parameterization

We run a series of dynamic simulations and adopt the following benchmark parameterization. We set
the values of the inverse of the labor supply elasticity ¢, the elasticity of substitution across goods 6,
the elasticity of substitution between tradables and nontradables 7, the subjective discount factor §, the
steady-state share of government bonds to output o, the steady-state share of government expenditure
to output o¢ and the tax rate 7 equal to 3, 11, 0.75, 0.5, 1, 0.99, 2.4, 0.276 and 0.3, respectively, which is
consistent with quarterly time periods in the model.?° Except for a, 7, ¢ and 7, these parameterizations

are used in Ferrero (2009).2! According to our calculation, nontradables account for 50.3% of all goods

2055 = 2.4 implies that the steady-state debt—output annual ratio is 0.6.
21Many DSGE studies use the parameter values in Rotemberg and Woodford (1997). However, to compare our results
with those derived by Ferrero (2009) and to analyze the Euro area, we mainly use his parameter values for the Euro area.
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in the Euro area; thus, we set the share of nontradables in the CPI as v = 0.5.22 Following Obstfeld and
Rogoff (2000), we set n = 1. We also assume that the government expenditure and productivity shifters

are described according to the following AR(1) processes:

amt = PTOH—1 +EHt 5 ARt = PTAFi—1 +E&F¢s 5 QN = PNONt—1 T ENt

, x w w w R R R
ant = PNAN -1 TEN 5 9 = PGOi—1 tEG+5 9t = Padi—1 T &G

where e, Eres SNty St SZJV,t and fgi denote the i.i.d. shocks. We set p7, pa and pg equal to 0.705,
0.784 and 0.8, following Batini, Harrison and Millard (2001) and Ribeiro (2008).23

To examine the impulse response functions (IRFs), we consider one percent changes in the productivity
shifter of tradables in country H, ag, and the productivity shifter of nontradables in country H, apr s,
to investigate the effects of the existence of nontradables. Additionally, to compare our results with those
of Ferrero (2009), we consider one percent changes in the union-wide government expenditure shifter,

g}V, and the relative government expenditure shifter, g7

4.2.2 Optimal Monetary Policy Alone

Figures 1 and 2 depict the IRF's under optimal monetary policy alone with commitment, in the case where
all goods are tradable, namely v = 1, and the benchmark case, namely v = 0.5, respectively.?* First,
we consider changes in the productivity shifter of tradables in country H. In both cases, an increase in
the productivity shifter of tradables in country H causes a decrease in the PPI inflation rate in country
H through a decrease in the marginal cost of tradables in country H (17th panel in Figures 1 and 2).
When all goods are tradables, this change simply decreases the welfare-relevant output gap in country H
(9th panel in Figure 1). Furthermore, when half of the goods are tradables, a decrease in the marginal

cost of tradables in country H stemming from an increase in the productivity of tradables produced in

More precisely, the parameter values of 8, §, op, o are set as in Ferrero (2009). Ferrero (2009), however, sets a different
degree of price rigidity in countries H and F. We set « equal to 0.75, which is assumed by BJ. Because ¢ does not appear
in Ferrero (2009), we set it equal to 3, which is adopted by Gali and Monacelli (2005).

22Following the definition that regards goods produced in the manufacturing industry, agriculture, forestry, fishery and
mining as tradables and regards goods produced in other industries as nontradables, as used by Canzoneri, Cumby and
Diba (1999), nontradables, in terms of both current and purchaser’s prices, 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.

23There are few papers that estimate AR(1) parameters associated with the productivity of the tradables and nontradables
sectors separately. Following Benigno and Thoenissen (2005), we adopt the result of Batini, Harrison and Millard (2001),
who estimate AR(1) parameters associated with the productivity of tradables and nontradables sectors separately. Note
that we recognize that their estimated parameters are smaller than those used in most RBC studies. Ribeiro (2008) is one
of the few papers that estimate autoregressive processes of government expenditure in Europe. We adopt his estimation
result.

24Given the benchmark parameterization, the four eigenvalues are larger than 1 in value for the four forward-looking
variables under the optimal monetary policy alone regime. The Blanchard—Kahn conditions are met.
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country H causes a decrease in the marginal cost of nontradables produced in country H. This is the
cause of a relative decrease in the CPI in country H (29th panel in Figure 2). This is in contrast with
the case where all goods are tradables where the CPI disparity does not change (29th panel in Figure
1). A relative decrease in the CPI in country H causes an increase in the NPD. A decrease in the price
of nontradables in country H boosts demand for nontradables in country H. Thus, the decrease in the
welfare-relevant output gap in country H in the benchmark case is smaller than that in the case where
all goods are tradables (9th panel in Figures 1 and 2). This increase in the CPI disparity is inconsistent
with the Balassa—Samuelson theorem, which implies a decrease in the CPI disparity. This increase in the
CPI disparity is consistent with Benigno and Thoenissen’s (2005) real exchange rate anomally.

The volatility of the PPI inflation rate to changes in the productivity of tradables in country H
under the case where all goods are tradables and the benchmark case, are 0.0080 and 0.0081, respectively
(cells in the 11th row and 3rd column in Tables 1 and 2). Intuitively, the volatility of the PPI inflation
rate in the benchmark case is smaller than that in the case where all goods are tradables, because just
half of the goods are tradable. In the benchmark case, however, a decrease in the marginal cost in the
tradables sector decreases the marginal cost in the nontradables sector. Thus, the effect of the changes
in the productivity of tradables in country H to the PPI inflation rate is larger in the benchmark case.
Clearly, existence of nontradables makes the PPI inflation rate more volatile. In addition, as mentioned
in the latter section, this decreases social welfare and makes fiscal policy more important when there are
nontradables.

The dynamics brought about by changes in the productivity shifter of tradables in country H can
be confirmed by investigating the model, especially the relative block. Eq.(14) implies that an increase
in the productivity shifter of tradables in country H decreases the welfare-relevant output gap disparity
between both countries. The definition of NPD inflation and Eq.(16) shows that a decrease in the welfare-
relevant output gap disparity between both countries increases the CPI disparity although a decrease in
the welfare-relevant output gap disparity does not change the CPI disparity in the case where all goods
are tradables. Monetary policy alone can simultaneously stabilize both the welfare-relevant output gap
and the union-wide inflation rate by increasing the nominal interest rate.?> However, the country-level

welfare-relevant output gap and inflation rate cannot simultaneously be stabilized in both cases. In the

25Both the union-wide inflation rate and the union-wide welfare-relevant output gap deviate slightly from their steady
state, because of Eq.(21). See footnote 19 for a quantitative measure.
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case where all goods are tradables, a distorted steady state avoids simultaneous stabilization of both the
welfare-relevant output gap and the inflation rate, as shown in Eq.(14). In the benchmark case, both
a distorted steady state and the existence of nontradables avoids simultaneous stabilization of both the
welfare-relevant output gap and the inflation rate, as shown in Egs.(14) and (16). Because these two
equalities help avoid simultaneous stabilization, fluctuations of PPI inflation in the benchmark case are
larger than that in the case where all goods are tradables.

Regarding the benchmark case, we can explain the result of changes in the productivity shifter of
nontradables in country H in the same manner as we can explain changes in the productivity shifter
of tradables in country H. However, the coefficient of the productivity shifter of nontradables in the
NKRD Eq.(16) is larger than the coefficient of the productivity shifter of tradables. Thus, the CPI
disparity increases and the volatility of other macroeconomic variables is higher following changes in the
productivity of nontradables than following changes in that of tradables (30th panel in Figure 2 and
Tth, 9th, 11th, 13th, 15th and 17th rows in Table 2). As mentioned, an increase in the CPI disparity is
consistent with Lipinska’s (2008) finding that nontradables’ productivity shocks lead to a stronger real
exchange rate depreciation. In the case where all goods are tradables, any macroeconomic variables do
not fluctuate when the productivity shifter of nontradables in country H changes.

Now, we consider the innovation in union-wide government expenditure. Both IRFs and macroeco-
nomic volatilities are the same in both cases because the union-wide government expenditure does not
affect the relative block of the model. To secure funds for government expenditure, the nominal interest
rate decreases and there is pressure for the welfare-relevant output gap to increase (27th panel in Figures
1 and 2). As implied in Eq.(13), however, a decrease in the lagged nominal interest rate decreases the
union-wide welfare-relevant output gap. Thus, the union-wide welfare-relevant output gap is stabilized,
although it increases at first (3rd panel in Figures 1 and 2).25 The union-wide inflation rate is stabilized
despite an increase in the union-wide welfare-relevant output gap, because an increase in government
expenditure decreases the PPI inflation rate through Eq.(21) (7th panel in Figures 1 and 2). Note that
because of Eq.(21), inflation—output gap tradeoffs are no longer dissolved completely, even though the
optimality condition in Eq.(22) is applied when union-wide government expenditure increases. Along

with the union-wide welfare-relevant output gap, the welfare-relevant output gap in each country is sta-

26 As mentioned in Section 2.3, all interest-bearing assets held by households are in the form of government bonds.
Lowering the interest rate in the previous period reduces the nominal payoff of the bond portfolio purchased by households.
Because of the budget constraint, this reduces output via a reduction in consumption.
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bilized (11th and 15th panels in Figures 1 and 2). Furthermore, the PPI inflation rate in countries H
and F is stabilized (19th and 23rd panels in Figures 1 and 2). Note that Ferrero (2009) shows that the
nominal interest rate increases to a unit innovation in union-wide government expenditure because the
tax rate increases simultaneously to secure funds to finance government expenditure, whereas the tax
rate is constant over time in our setting.

When relative government expenditure changes, the welfare-relevant output gap disparity between
countries and the welfare-relevant output gap and inflation rate cannot be stabilized at the country level
in both cases (12th, 16th, 20th and 24th panels in Figures 1 and 2).

Benigno (2004), who assumes all goods are tradable, implies that monetary policy alone can simul-
taneously stabilize both the output gap and the inflation rate in each country even though asymmetric
shocks hit the economy. In our model, when asymmetric shocks hit the economy, the PPI inflation rate
and welfare-relevant output gap in each country are no longer stabilized regardless of the share of trad-
ables . This fact stems from the distorted steady state, which is assumed by both us and Ferrero (2009).
In addition, the volatilities of the PPI inflation rate in response to each shock in the benchmark case are
larger than those in the case where all goods are tradables, except for the volatility of the PPI inflation
rate to the union-wide government expenditure shock (11th and 13th rows in Tables 1 and 2). This fact

reflects that nontradables amplifies the effects of asymmetric shocks.

4.2.3 Optimal Monetary Policy and Fiscal Policy Mix

Figures 3 and 4 depict the IRFs under the optimal monetary policy and fiscal policy mix with commitment
in the cases where all goods are tradables and the benchmark, respectively.?” To eliminate the effects
of changes in the productivity shifter of tradables in country H, the fiscal authorities in both countries
increase government bonds in both cases (33rd and 37th panels in Figures 3 and 4). An increase in
government bonds during the previous period increases the nominal payoff of the bond portfolio purchased
by households. Thus, consumption in both countries increases. Because an increase in government bonds
in country H is higher than that in country F, an increase in consumption is higher than that in country
F. This eliminates the pressure to decrease the welfare-relevant output gap in country H and eliminates
the pressure to increase the welfare-relevant output gap in country F. Thus, the welfare-relevant output

gap in both countries is stabilized. Under the optimal monetary policy and fiscal policy mix, the volatility

27Given the benchmark parameterization, five eigenvalues are larger than 1 for the five forward-looking variables under
the optimal monetary and fiscal policy regime. Thus, the Blanchard—Kahn conditions are met.
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of the welfare-relevant output gap in both countries dramatically decreases compared with the volatility
under monetary policy alone in both cases (7th to 10th rows in Tables 1 and 2). Because the welfare-
relevant output gap is well stabilized, the PPI inflation rate in each country is also well stabilized in both
cases (17th and 21st panels in Figures 3 and 4). The volatility of the PPI inflation rate in both countries
decreases dramatically compared with the volatility under monetary policy alone in both cases (cells in
the 11th to 14th rows and 3rd column in Tables 1 and 2). In the case where all goods are tradables, CPI
disparity does not fluctuate because all goods are tradables, which means that PPP applies (29th panel
in Figure 3 and the cell at the 16th row and 3rd column in Table 1). In the benchmark case, because
the PPI inflation rate in country H increases only in the first period, the CPI disparity decreases (29th
panel in Figure 4). However, the volatility of the CPI disparity decreases dramatically compared with
the volatility under monetary policy alone (cells in the 15th and 16th rows and 3rd column in Table 2).

Now, we consider changes in the productivity shifter of nontradables. Here the macroeconomic vari-
ables do not fluctuate in response to changes in the productivity of nontradables in the case where all
goods are tradables. Thus, we focus only on macroeconomic volatility and fluctuations in the benchmark
case. An increase in the quantity of government bonds in the previous period drastically stabilizes the
welfare-relevant output gap (10th and 14th panels in Figure 4). Because of this, the PPI inflation also
stabilizes (18th and 22nd panels in Figure 4). The volatility of the PPI inflation rate and the welfare-
relevant output gap is less than that under optimal monetary policy alone (cells in the 7th to 14th rows
and 4th column in Table 2). As shown in Eq.(17), the CPI disparity decreases (30th panel in Figure
4). The CPI disparity is dramatically stabilized compared with that under the optimal monetary policy
alone (cells in the 15th and 16th rows and 4th column in Table 2).

Next, we consider changes in union-wide government expenditure. Apart from government bonds, the
mechanism of the macroeconomic variables’ behavior is similar to that under optimal monetary policy
alone in both cases. Although both fiscal authorities affiliate with the central bank, the IRFs and the
macroeconomic volatilities behave the same as those under optimal monetary policy alone regarding the
welfare-relevant output gap, the PPI inflation rate and the CPI disparity (3rd, 7th, 11th, 15th, 19th and
23rd panels in Figures 3 and 4 and cells in the 3rd to 16th rows and 5th column in Tables 1 and 2) in
each case. This implies that there is no notable role for fiscal policy, which could replace monetary policy
to stabilize the economy. When a union-wide shock, such as union-wide government expenditure, hits

the economy, however, the central bank and the fiscal authorities cooperate against a union-wide shock.
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This result is the same as the one derived by Ferrero (2009).

When the relative government expenditure shifter shocks the economy, the fiscal authority in country
H decreases the quantity of government bonds while the fiscal authority in country F' increases the
quantity of government bonds in both cases (36th and 40th panels in Figures 3 and 4). As Eq.(14)
implies, an increase in relative government expenditure increases the welfare-relevant output gap disparity.
However, a decrease in the quantity of government bonds relative to the previous period decreases the
current welfare-relevant output gap disparity. This eliminates the pressure to increase the PPI inflation
rate in country H and to decrease it in country F'. Thus, the PPI inflation rates in both countries are
stabilized immediately in both cases (20th and 24th panels in Figures 3 and 4). The volatility of the
PPI inflation rate is dramatically reduced in both cases (cells in the 11th to 14th rows and 6th column
in Tables 1 and 2).

The role of the fiscal authorities is larger than that of the central bank in stabilizing both inflation
and the welfare-relevant output gap in both cases.?® This fact strongly supports the implication derived
by Ferrero (2009), who insists on the importance of optimal monetary and fiscal policy in a currency
union. In addition, we insist that the role of optimal fiscal policy as a stabilization tool when there
are nontradables is more important than that when there are only tradables, which has already been
mentioned above. The volatility of the PPI inflation rate decreases from 0.0121 to 1.4184e-005 in country
H and 2.2170e-006 in country F', and from 0.0408 to 3.6616e-004 in the benchmark case, by adding
optimal fiscal policy for changes in the productivity of nontradables and in the changes in the relative
government expenditures (cells in the 11th to 14th rows and 4th and 6th columns in Table 2). In contrast,
the volatility of the PPI inflation rate is unchanged at zero and falls from 0.0301 to 3.6616e-004 in the
case where all goods are tradables, for changes in the productivity of nontradables and in changes in
relative government expenditure, respectively (cells in the 11th to 14th rows and 4th and 6th columns in
Table 1). Clearly, the degree of improvement in the volatility in the benchmark case is larger than that
in the case where all goods are tradables. A more formal discussion of this from the viewpoint of welfare
appears in Section 4.3.

Behind the stabilization of the volatility of the PPI inflation rate in the benchmark case for changes

in productivity, there is stabilization in the CPI disparity. By comparing the 29th and 30th panels in

28For changes in productivity of tradables and union-wide government expenditure, the government bonds under the
optimal monetary and fiscal policy are more volatile than it under the monetary policy alone while the nominal interest
rate under the optimal monetary and fiscal policy is less volatile than it under the monetary policy alone. See lines 17 to
22 in Tables 1 and 2.
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Figure 2 with those in Figure 4, we confirm that the CPI disparity is stabilized. In fact, the volatility
of the CPI disparity for changes in the productivity in the benchmark case under the optimal monetary
and fiscal policy are smaller than that under the optimal monetary policy alone and are close to zero,
which is the volatility for optimal monetary policy alone in the case where all goods are tradables (cells
in the 15th and 16th rows and 3rd and 4th columns in Tables 1 and 2). Optimal fiscal policy stabilizes
the PPI inflation rate by stabilizing the CPI disparity: namely, minimizing the consumption disparity
between the two countries.

Finally, we point out that the volatility of the nominal interest rate decreases under the optimal
monetary policy and fiscal policy. Furthermore, this tendency does not depend on the share of tradables
(17th and 18th rows in Tables 1 and 2).The results of this sensitivity analysis prove the policy implications
that are mentioned by McKinnon (1963). Cooperative fiscal authorities have a certain role in stabilizing

both the welfare-relevant output gap and inflation simultaneously when nontradables exist.
4.3 Welfare Analysis

In this section, we analyze the social welfare associated with both regimes, focusing on the share of
nontradables. This paper finds that the role of optimal fiscal policy under the assumption that there
are nontradables is more important than the one under the assumption that all goods are tradable. To
clarify the role of optimal fiscal policy, we compare our result to that of Ferrero (2009), who finds that
such a policy is essential for the minimization of social losses when all goods are tradable.

Now, we define the welfare criteria. Setting § — 1 on Eq.(19), the expected welfare losses of any

policy can be written in terms of the variances of inflation and the welfare-relevant output gap as follows:

Sks

£W var (mp,t) + vaar (7)) + Tyvar (9e) + Tyvar (95),

with £ being the welfare loss under the setting § — 1.

Figure 5 depicts social losses associated with the two regimes analyzed in the previous section: optimal
monetary policy alone and optimal monetary policy and fiscal policy. As noted above, both regimes are
fully committed. Under optimal monetary policy alone, when the share of nontradables increases, welfare
losses increase. However, optimal monetary and fiscal policy bring about approximately zero welfare
losses, independent of the share of nontradables.?? The necessity of optimal fiscal policy is clear from

this analysis. Note that optimal monetary policy alone cannot result in a zero welfare loss when all goods

29Because of Eq.(21), zero welfare losses definitely cannot be obtained although optimal fiscal policy is conducted.
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are tradable, while the welfare losses are minimized among the losses brought about by the optimal
monetary policy alone. As Benigno (2004) mentions, when all goods are tradable, optimal monetary
policy alone can eliminate the inflation—output tradeoffs approximately and simultaneously.?® However,
Ferrero (2009) insists that fiscal policy is needed, even though all goods are tradable. This discrepancy
stems from the assumption of the steady-state behavior of the fiscal authority. Using DSGE analysis,
Benigno (2004) assumes a zero steady-state value of government expenditure and the quantity of bonds.
As in our setting, Ferrero (2009) does not assume a zero steady-state value of government expenditure
and bonds. Government expenditure and bonds have nonzero values in the steady state. This results
in additional elasticities, the steady-state share of government expenditure with respect to output, and
the steady-state share of government bonds with respect to output, o and opg, respectively. These
elasticities change the format of the demand block of the economy, which inhibits perfect risk sharing.
Thus, the study of Ferrero (2009) corresponds with our study in the case where all goods are tradable.
Our results insist that the existence of nontradables creates acute losses in the Euro economy, not
only because of the assumption of a steady state, but also because of the real exchange rate anomaly.
In our benchmark setting where v = 0.5, the welfare loss—the percentage deviation of utility from its
steady state, brought about by optimal monetary policy alone—is 0.26%, while it is 0.13% when all goods
are tradable, v = 1. As noted above, approximately 50.3% of goods are nontradable; thus, the role of

optimal fiscal policy is greater than that suggested by Ferrero (2009).

5 Implementing a Cooperative Solution by Self-oriented Fiscal
Authorities

Some studies, such as Benigno (2002), Obstfeld and Rogoff (2002) and Benigno and Benigno (2008),
show that self-oriented monetary authorities can replicate the cooperative outcome in a decentralized
framework so that there is no need for international monetary policy cooperation. Following their context,
we investigate whether it is possible that fiscal policies set in a noncooperative environment can implement
the optimal cooperative solution in this section.

While the central bank commits to minimizing the union-wide social loss £ subject to the structural
model, we assume that each fiscal authority commits to minimizing its respective losses as follows:

) oo
LNC=E Y 6'LYNY; LN =By Y 6 LY,

t=0 t=0
30In addition, it is attained when price stickiness is the same in both countries.
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subject to the structural model with:

Ay Ar A
LNC = 7(7Tp,t)2+7y

AA Cx

= (3, (26)

2
Tpe T

where LYC denotes the social loss assigned to the fiscal authority in country H under the self-oriented
setting.3!

Next, we calculate the union-wide social loss under the cooperative setting £, and the union-wide
social loss brought about by self-oriented fiscal authorities in both countries LNV = % [EN €N C*].
For simplicity without loss of generality, we assume pr = pnpr = pg = 0 and each shock has constant
variance. After tedious calculations, we have the following:

W _ pNCW

1111 Ayﬂs\lfl

— Ty |t e (= | {0 0 e )+ v )

+[k(1+ @)93]2 (1— 7)2 [Va,r (&ne) + var (@*vt)] + (magﬁ4)2 [var (éa,t) + var (Q;t)]} ,

where ¥; < 1 denotes one of the solutions to the characteristic equation of Eq.(21) and its counterpart in
country F' and Qg denotes a complicated coefficient. This implies that a self-oriented fiscal authority can
achieve the cooperative allocation in the Nash equilibrium without imposing a complicated loss function
on fiscal authorities. That is to say, there are no gains from fiscal policy cooperation to maximize

social welfare. Interestingly, LV = £N¢W

is applied independent of the share of tradables. Our policy
implication is applicable to both the cases where there either are nontradables or not. Thus, our policy
implication is different from the result of not only BJ who show the necessity of fiscal policy cooperation in
a currency union where all goods are tradable, but also by McKinnon (1963) who insists on the necessity
of moving fiscal policy control from the national government to the central government in a currency
union with nontradables. Furthermore, our policy implication differs from Liu and Pappa (2008), whose
model is a flexible exchange rate two-country model with nontradables, and who highlight the importance
of policy cooperation.

Benigno and Benigno (2006, 2008) and Liu and Pappa (2008) show the importance of policy cooper-
ation by comparing the cooperative setting with the self-oriented setting, although they do not assume

a currency union. Under special cases, however, Benigno and Benigno (2006, 2008) and Liu and Pappa

(2008) imply that there is no or only a quantitatively small role for policy cooperation. Benigno and

31Following BJ, we split the per period union-wide social loss function Eq.(20) as follows: L}V = % (Lt + LZ‘) with

— A Ay » _ A 2 Ay (42
Ly = S, + 307 and L = 58 (vp,)" + 5 (57)
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Benigno (2006, 2008) show that when the inverse of relative risk aversion times the elasticity of substitu-
tion between domestic and foreign tradables is unity, the allocation brought about by self-oriented policy
makers corresponds to the cooperative allocation. Under such a case, each policy authority can control
their own output gap and inflation independently of the TOT. Liu and Pappa (2008), whose model im-
plies that the inverse of relative risk aversion, the elasticity of substitution between domestic tradables
and foreign tradables and the elasticity of substitution between tradables and nontradables, are unity,
show that the gains from policy cooperation are quantitatively small when two countries have symmetric
trading structures, which implies that the ratio of tradables to the sum of tradables and nontradables
are equal in the two countries. In such a case, the TOT externality disappears, because output gap and
inflation are independent of the TOT, as mentioned by Benigno and Benigno (2006, 2008). Once the
symmetric trade structure is applied in Liu and Pappa (2008), their parameterization is consistent with
Benigno and Benigno’s (2006, 2008) special case and Liu and Pappa (2008) show that there are small
gains from policy cooperation in such a situation.

Our model implies that the inverse of relative risk aversion and the elasticity of substitution between
domestic tradables and foreign tradables are unity, as in Liu and Pappa (2008). Furthermore, the share
of tradables v is equal in the two countries and the elasticity of substitution between tradables and
nontradables 7 is assumed to be unity after Section 4. The assumption of 7 = 1 is also consistent with
Liu and Pappa’s (2008) setting. Thus, our settings correspond to Liu and Pappa’s (2008) special case in
which the gains from policy cooperation are quantitatively small. Although we should consider that Liu
and Pappa (2008) do not assume a currency union, our policy implication is not necessarily inconsistent
with theirs.

It is important and interesting to compare our results with the policy implication derived by BJ, who
develop a two-country currency union model without nontradables, implying that fiscal policy cooperation
is important. While the difference in the policy implication between us and Benigno and Benigno (2006,
2008) and Liu and Pappa (2008) depends on parameter values, the difference in the policy implication
between us and BJ does not depend on parameter values. In fact, although BJ assume an Armington
form of the consumption index, which consists of tradables produced in two countries, as do we, they do

not assume a logarithmic utility function of consumption as in Eq.(1).32 BJ’s parameterization is not

320ur consumption index is given by Eq.(2). If there are only tradables, however, Eq.(2) reduces to a consumption index
1

1 1
of tradables: namely, Cy = 2C7; ,C2, is applied.
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consistent with Benigno and Benigno’s (2006, 2008) special case in which the allocation brought about by
self-oriented policy makers corresponds to the cooperative allocation. However, it cannot be said that the
reason we have a different policy implication on fiscal policy cooperation results from our parameterization
assumptions. BJ assume a household utility function in which government expenditure appears and
fiscal authorities manage government expenditure, although we do not assume such a utility function,
as shown in Eq.(1), and we assume that fiscal authorities manage government debt. By second-order
approximating such a utility function including government expenditure, the cross-term of the logarithmic
TOT and the relative government expenditure gap, which gives additional welfare benefits from the TOT
externality, appears in their union-wide loss function. They set the relative risk aversion larger than unity
in their benchmark case, which is not consistent with us. However, the coeflicient of that cross-term does
not depend on relative risk aversion and does not disappear if relative risk aversion becomes unity,
which corresponds to our parameterization. This implies that whether the TOT externality appears
or not depends on the stabilization tools used by the fiscal authorities because adopting the utility
function including government expenditure makes it possible to solve an optimization problem for fiscal
authorities that control government expenditure. They assume that the fiscal authorities’ loss functions in
a noncooperative setting are domestically oriented and do not include such a cross-term. In our setting,
the union-wide loss function is simply the weighted sum of each country’s loss function, as shown in
Eqgs.(20) and (26) and there is no TOT externality. In BJ’s setting, however, the union-wide-level loss
function is not simply the sum of each country’s loss function, and there is a TOT externality, which
gives each fiscal authority opportunity to change the TOT through government expenditure to enhance
each country’s social welfare. Clearly, policy cooperation is important in their setting.

As mentioned, the difference between the policy implication of BJ and ours does not depend on
parameter values. That difference depends on the stabilization tools used by the fiscal authorities. Al-
though further detailed discussion is needed, the difference in stabilization tools may affect the necessity
or importance of policy cooperation. Inferring from a comparison between our results and those of BJ,
managing government debt as a stabilization tool may be less costly than managing government expendi-
ture, because managing government debt does not need policy cooperation which involves nonnegligible

costs.33

33There are costs to forcing players to comply with the cooperation framework and to share their understanding of the
game, according to Kawai (1994).
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6 Conclusion

We discussed optimal monetary and fiscal policy in a currency union. Our most important and interesting
finding is that self-oriented fiscal policy can replicate the allocation brought about by a cooperative setting
and there are no gains from fiscal policy cooperation, either when there are nontradables or when there
are not. This policy implication contrasts with BJ, who show the importance of policy cooperation.
Taking into account the costs of policy cooperation, our main finding implies that cooperation on fiscal
policy in the Euro zone may be futile, because there are no gains from policy cooperation. Our results
imply that recent pressure for more fiscal policy cooperation in Europe is not necessarily beneficial.
Comparing our main finding with BJ’s finding, there is a possibility that the necessity or importance of
policy cooperation depends on the choice of stabilization tools. The necessity or importance of cooperation
has been discussed in preceding papers, focusing on the parameter values that results in a TOT externality.
BJ assume that fiscal authorities manage government debt and they show the necessity of fiscal policy
cooperation. As mentioned, the difference in the policy implication between this paper and BJ does not
depend on parameter values, but rather depends on the stabilization tools used. Further discussion on
the choice of stabilization tools to avoid welfare losses associated with policy cooperation is an important

objective for future research.
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Table 1: Macroeconomic Volatility in the Case where All Goods are Tradables (y = 1)

Variable Regime Shocks
QH ¢ ANt gtw gfi

i OMP  2.5471e-004 0.0000 0.0013 0.0000
OMFP 2.5471e-004 0.0000 0.0013 0.0000

o OMP  1.3760e-005 0.0000 6.0145e-005 0.0000
OMFP 1.3760e-005 0.0000 6.0145e-005 0.0000

i OMP 0.0070 0.0000 0.0013 0.0083
OMFP 5.0941e-004 0.0013 0.0013 0.0078

95 OMP 0.0065 0.0000 0.0013 0.0083
OMFP 0.0000 0.0000 0.0013 0.0078

TPt OMP 0.0080 0.0000 6.0145e-005 0.0301
OMFP 2.7784e-005 0.0000 6.0145e-005 3.6616e-004

Thy OMP 0.0080 0.0000 6.0145e-005 0.0301
OMFP 5.3753e-006 0.0000 6.0145e-005 3.6616e-004

qs OMP 0.0000 0.0000 0.0000 0.0000
OMFP 0.0000 0.0000 0.0000 0.0000

7 OMP 0.0119  0.0000 0.0178 0.0000
OMFP 6.8816e-004 0.0000 0.0016 0.0000

by OMP 0.0000 0.0000 0.0000 0.0000
OMFP 0.0135 0.0000 0.0162 0.0088

by OMP 0.0000 0.0000 0.0000 0.0000
OMFP 0.0088  0.0000 0.0162 0.0088

Notes:

OMP: Optimal monetary policy alone
OMFP: Optimal monetary and fiscal policy
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Table 2: Macroeconomic Volatility in the Benchmark Case (y = 0.5)

Variable Regime Shocks
aH ¢ ANt gtW gtH

i OMP  1.2655e-004 1.5016e-004 0.0013 0.0000
OMFP 1.2655e-004 1.5016e-004 0.0013 0.0000

i OMP  6.8366e-006 7.0097e-006 6.0145e-005 0.0000
OMFP 6.8366e-006 7.0097e-006 6.0145e-005 0.0000

Ut OMP 0.0018 0.0022 0.0013 0.0047
OMFP 2.5391e-004 2.9940e-004 0.0013 0.0078

i OMP 0.0016 0.0020 0.0013 0.0047
OMFP  8.0096e-007 9.2692e-007 0.0013 0.0078

TPt OMP 0.0081 0.0121  6.0145e-005 0.0408
OMFP  1.4054e-005 1.4184e-005 6.0145e-005 3.6616e-004

Thy OMP 0.0081 0.0121  6.0145e-005 0.0408
OMFP  2.4640e-006 2.2170e-006 6.0145e-005 3.6616e-004

q: OMP 0.0035 0.0048 0.0000 0.0105
OMFP 5.4188e-006 5.8689e-006 0.0000 0.0128

7 OMP 0.0059 0.0074 0.0178 0.0000
OMFP  3.4418e-004 3.8585e-004 0.0016 0.0000

by OMP 0.0000 0.0000 0.0000 0.0000
OMFP 0.0068 0.0088 0.0162 0.0066

by OMP 0.0000 0.0000 0.0000 0.0000
OMFP 0.0044 0.0052 0.0162 0.0066

Notes:

OMP: Optimal monetary policy alone
OMFP: Optimal monetary and fiscal policy
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Figure 1: IRFs under Optimal Monetary Policy Alone in the Case where All Goods Are Tradable
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Figure 2: IRFs under Optimal Monetary Policy Alone in the Benchmark Case
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Figure 3: IRFs under Optimal Monetary Policy and Fiscal Policy in the Case where All Goods Are

Tradable
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Figure 4: IRFs under Optimal Monetary Policy and Fiscal Policy in the Benchmark Case

Union Wide Welfare Relevant Output Gap

%10 <10 x 107
nons 1
0 ap e--
| nosf
_2 2 |r 1
i -4 : 004 . 1] E—
) B onz| .
5 -8 %
-8 -10 0L =1
0102030 0102030 0102030 0102030
N Wiz lfare Releﬂ\;ant Output Gap in country H
10 10
0 0 == 008 0
el 008 |, v
-5 K
ol non4 1‘ -0z f
10} ! 1
-10 i 0ozt . -03
-15 \
0 .| -04
-15 -20
0102030 0102030 0102030 0102030
PPI Inflation Rate in Country H
w1 w1 i
20 004
8 ok -—-
& 15 § 003
4 10 o0z
= 001
0 - |
W ] S s
0102030 0102030 0102030 0102030
Mominal Interest Fate
w107
0025 0025 0 — 1
noz nnz . -0z I,'
0ms 00s ' 004 .'I ol
0o 0ot g !
0.005 0.005 L -noe
s o SENLL-LE -1
0102030 0102030 0102030 0102030
Government Bond in Country H
ns 06 i
04 ool - olf
04 0.2 /
1K ! ': -04 r. Y
ne 0z -0 04
01 -08 '
] [ -
0102030 0102030 0102030 0102030

Union Wide Inflation B!ate

x 107 x 107 %10 =107
10 1
6 a Oy -—-
4 @ -1
1) —
4 _
5 2
2 -3
0 1)
-4 -1
0102030 01020 30 01020 30 0102030
Welfare Relevant Output Gap in Country F
%107 x 107
6 nos
oy .- 04
. 0.06
4 - N 1 03 1
! 0o4t.
5 ! | nz \‘
40 0ozt o3
v N
0 5 ] .- ] —
0102030 01020 30 0102030 0102030
PFI Inflation Rate in Country F
%107 x 107 =107
15
15 .\ OF-—- D e
10 & _
10 i 1 -001
E 5f -2 -002
-3 -003
0 0 e
-4 -0.04
0102030 01020 30 0102030 0102030
GPI Digparity
x107 w107 =107
1 1 1 05
0 0f -+ 04 \
- 1 Dat
i O=-—-
;) 2 ! nz \
-3 | 01
- \
. -4 1 I -
0102030 0102030 0102030 0102030
Government Bond in Gountry F
03 04 o — 06
-~
0o 03 -02 ; 04
H -04 1
0 2 sl 0
- e Dla 0
" L /—’ —
0 0f ----4 - k
0102030 0102030 0102030 0102030
To the Productivity Shifter of Tradables Produced in Gountry H
To the Productivity Shifter of Montradables Produced in Gountry H
To the Union-wide Government Expenditure Shifter
To the Relative Government Expenditure Shifter

36



Percentage Deviation of Utility from Ite Steady State

Figure 5: Effect on Welfare of Varying Shares of Tradable Goods
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