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Abstract

Using a stochastic business cycle model of a small open economy we
ask how the problem of the optimizing policy-maker changes endogenously
as the international trade structure is altered. From input-output data for
OECD and emerging market economies, we document that differences in
trade across countries are substantial, and that the composition of trade
varies as much as openness to trade. The trade and production structures
examined in our theoretical model easily map into measurable macroeco-
nomic characteristics of countries. Our results are as follows. First, the
traditional imports to GDP ratio turns out to be close to irrelevant for
the ranking of monetary policies. Second, the composition of imports has
a very substantial impact on welfare. Given the same degree of openness,
the exchange rate peg is more inefficient if the bias towards non-tradable
goods is high, and less inefficient if the share of imported intermediates
is low. That is, open countries engaging in much vertical trade find it
more costly to peg the exchange rate. Third, while a stylized regularity
of emerging market economies is the very high share of imported capi-
tal goods, compared with industrial countries, this turns out to have no
impact on the welfare result. Fourth, local currency pricing has a muted
impact . This is the consequence of two assumptions: the existence of
a long chain of substitutability in demanded goods, and the mobility of
labor across sectors, so that imported inputs affect factor prices in all
sectors directly, rather than through general equilibrium effects.
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1 Introduction

Small open economies can differ along many dimensions, and economists have
carefully investigated how a vast number of these dimensions affect the choice of
exchange rate regime. The list is long and ranges from the credibility of policy-
making institutions (Giavazzi and Pagano, 1988) to the currency denomination
of the external debt (Mendoza, 2001, Calvo and Rheinart, 2002), the substi-
tutability of domestic and imported intermediate goods (Shi and Xu, 2008), the
currency denomination of external trade (Devereux and Engel, 2002).

Most of the arguments suggested in the literature rely on the extent of trade
carried between the small open economy and the rest of the world. In fact the
very argument suggested by Mundell (1961) and Friedman (1953) in support of
flexible exchange rates rests on the idea that the trade and production structure
of an economy make the terms of trade an important price for the welfare of
the household.

In this paper we investigate how international trade affects monetary policy.
We ask how the technology and preference constraints defining the trade rela-
tionships between an economy and the rest of the world, and the structure of
goods and production inputs’ markets, affect the choice of an optimal monetary
policy. We document that differences in trade across countries (especially EME
and OECD countries) are substantial, and that the composition of trade varies
as much as openness to trade. Our business cycle model has a simple structure
but a broad enough array of goods, so that it can explain different policies ob-
served across countries as the endogenous response to different trade structure.
While our model is not simple enough to derive analytical results, we show how
to dissect the numerical results to illustrate through which channels the welfare
impact of the trade structure works.

Questions that can be answered in our framework include: What is the ben-
efit of exchange rate flexibility as the trade structure changes? Can we build a
measure of ’openness’ which is correlated with the welfare benefit from stabi-
lizing the exchange rate? What are the dimensions of ’openness’ of an economy
that matter in the choice of the optimal policy? How does trade structure affect
the incentives to join a currency union?

The relevance of the trade dimension for the choice of policy is highlighted by
a vast literature on growth and international trade. Stylized differences among
emerging and developed economies include: 1) the factor intensity in production;
2) the larger share of imported capital goods in emerging economies, and the
correlated higher price of capital (Eaton and Kortum, 2001); 3) the difference
in investment composition (Caselli and Wilson, 2004); 4) the amount of vertical
trade - import of intermediates geared towards the export of finished goods.

Our methodology is aimed at providing policy-relevant prescriptions. An-
alytical methods widely used in the literature, which proved useful to analyze
closed economies, can under very restrictive assumptions at best characterize
the optimal policy in open economies. They are completely silent on the welfare
cost of any alternative, sub-optimal policy. Using a second-order approxima-
tion to the solution of the Ramsey problem to numerically compute the welfare



level, we can compare the gain from optimal policy relative to simple rules.
If sub-optimal policies carry a very low welfare penalty, the costs of creating
incentives for policy-makers to implement exactly the optimal policy (such as
changing policy-making institutions or creating monetary unions) may be un-
justified.

Our results show that the trade and production structure affects welfare
through three different channels: the exposure of the economy to foreign busi-
ness cycle shocks, the size of the sector where rigidities constrain the choice
of firms and households in the disaggregated equilibrium, and, most impor-
tantly, the substitutability between alternative consumption goods and factor
inputs, and its impact on the propagation mechanism. The welfare implications
of alternative technology and preference constraints easily map into measur-
able macroeconomic characteristics of countries. First, the traditional imports
to GDP ratio turns out to be close to irrelevant for the ranking of monetary
policies. Second, the composition of imports has a very substantial impact on
welfare. Given the same degree of openness, the exchange rate peg is more
inefficient if the bias towards non-tradable goods is high, and less inefficient if
the share of imported intermediates is low. That is, open countries engaging
in much vertical trade find it more costly to peg the exchange rate. Third,
while a stylized regularity of emerging market economies is the very high share
of imported capital goods, compared with industrial countries, this turns out
to have no impact on the welfare result. Fourth, local currency pricing has a
muted impact . This is the consequence of two assumptions: the existence of
a long chain of substitutability in demanded goods, and the mobility of labor
across sectors, so that imported inputs affect factor prices in all sectors directly,
rather than through general equilibrium effects.

1.1 Related literature
[

2 Trade and Production Structure across Coun-
tries

We use the OECD input-output tables for the year 2000 to classify goods as
tradeable or non-tradeable, and to measure according to our classification the
composition of domestic absorption. We follow Betts and Kehoe [(5)] and Bems
[(4)] by assuming that the wholesale and retail sector produces non-tradable
goods. Any other sector whose share of export plus import relative to its gross
output is smaller or equal than that of the wholesale and retail sector is assumed
to produce non-tradeable goods. We apply this methodology to eleven countries:
Czech France,Germany, Italy, Spain, Czech Republic, Hungary, Poland, Slovak
Republic, Canada, Brasil and USA. The first four countries are among the
founding members of the FEuro Area. The second set of four countries have
joined the European Union in 2004 and have only recently or will soon join



the Euro Area (the Slovak Republic joined in January 2009). Finally the last
set of three countries provide examples of two non-European large advanced
economies and a non-European emerging economy (Brasil).

Tables 1 to 3 show our classification for intermediate inputs, consumption
and investment.!. From the input-output tables we are also able to measure
the degree of openness of each country as well as the composition of import.
Table 5 divides total import (as a share of GDP) into its main components:
Intermediates, consumption and investment.

3 The Model

We build a model of a small open economy along the lines of Obstfeld and Rogoff
(39), Devereux (20) (21), Devereux and Lane (23), Gali and Monacelli (28).

The small open economy produces a non-tradable good (N) and a domestic
tradable good (H). The latter is also produced abroad and its price is exoge-
nously determined in the world market. Consumers work in both production
sectors. Their preferences are defined over a basket of tradable (T") and non-
tradable (N) goods. The tradable good basket includes two goods: a foreign
good (F), that must be imported, and the domestic good (H). Consumers can
save by holding real money balances and domestic/foreign nominal bonds. As
in Kim and Yun (1996), the aggregate capital stock is fixed, and capital can
costlessly be allocated among firms. The domestic tradable sector H uses do-
mestic value added - a Cobb-Douglas aggregate of labor and capital - and an
imported intermediate input. Output in the N sector is obtained combining
labor and capital. To introduce a role for monetary policy, we assume nominal
price-rigidities in the non-tradable sector.

The model is meant to capture some important features of many emerging
markets small open economies: a high share of imported intermediates, a high
share of imported capital goods, a low share of consumption imported good
while at the same time allowing for a large fraction of domestically demanded
goods to be exposed to foreign competition, and be priced on international
markets.

3.1 Consumption, Investment, and Price Composites

Household preferences are defined over the index Cy, a composite of non-tradable
and tradable good consumption, Cy+ and Cr+ respectively:

1 Pen—1

Cy = [('ch) pen (Ong) Pen 4 (1 — Yen) e (CT)t)%} un "

where 0 < 7., < 1 is the share of the N good and p., > 0 is the elasticity
of substitution between N and T goods. The tradable consumption good is a

!The tradable content of Government expenditures turned out to be negligible as shown
in 5



composite of home and foreign tradable goods, Cy+ and Cr ¢, respectively:

Pch

Pch—1 Pch—1

1 1 Pch—1
Crs = (o) (Cona) 5 + (1= )7 (Cr) | 2

where 0 < 7., < 1 is the share of the H good and p.;, > 0 is the elasticity of
substitution between H and F' goods. The non-tradable consumption good N
is an aggregate defined over a continuum of differentiated goods:

O = { /0 o (z)dz} o (3)

with ¢ > 1. Investment in the non-tradable and domestic tradable sector is
defined in a similar manner - a composite of N, H, and F goods. However,
we assume that shares and elasticities may differ from those of the consumption
composites (the superscript J refers to the sector):
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Households’ demand functions imply that the composite good price indices
can be written as:

1
Pe = [(en) (Pr)' ™ + (1= 7en) (P5) 0] 7
1
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where Pf, P, and Py, are the consumer price index (CPI), the price index
for T' consumption goods, and the price index for N consumption goods, respec-
tively. Investment price indices (P}, Pt and Pn ) can be similarly obtained.

C
Pr.
PNt

The real exchange rate is then defined as ¢f =

3.2 Households

We consider a cashless economy where the preferences of the representative
household are given by

oo 14+nL
V =E ;ﬁt {Dt(lﬂ Ct) — fi(llft_)k - } (7)



where D, is an exogenous preference shock, ny, is the inverse of the labor supply
elasticity and H; is the labor supply

Hy=HY + H]. (8)

Let W2 (W) denote the nominal wage in the N (H) sector, e; the nominal
exchange rate, B; (Bj) holdings of discount bonds denominated in domestic
(foreign) currency, v; (v;) the corresponding price, R (Rf) the real return to
capital that is rented to firms in the N (H) sector, II; nominal profits from the
ownership of firms in the monopolistically competitive IV sector, and T3 nominal
government lump-sum taxes. The household’s budget constraint is then given
by

P{Cy + e Bfvf + B + PLLY + P + My = W HI + WNHY + (9)

etBf y+Bi 1+ M, 1+ Py;RNKY | + Py REKE, +11, - T,

The household’s revenues come from supplying labor and renting capital to firms
in the N and H sectors, from holdings of domestic money and domestic/foreign
bonds, and from firms’ profits. These revenues are then used to purchase con-
sumption and investment goods, or saved in domestic and foreign assets.

The household is assumed to maximize the inter-temporal utility function
(7) subject to (1), (2), (3), (4), (5), (6), (8), (9), and the law of accumulation
of the capital stocks:

IN
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We assume that capital, contrary to labor, is immobile across sectors. Capital
accumulation incurs adjustment costs, with ®’ (e) > 0 and ®” (e) < 0.

The solution to the household decision problem gives the following first order
conditions (FOCs):

FEuler equation

Py
\C = BE, {Af+1 (1+10) } (12)
t+1

where \{ = C% is the marginal utility of total consumption and (1 +4;) = v—lt

Uncovered interest parity condition

PC
E, {Aglpg {(1 +ip) — (1 +1d7) et“” =0 (13)
t+1 &



Intra-temporal consumption allocations
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where Q7 is Tobin’s Q and is defined as
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Intra-temporal investment allocations;
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3.3 Firms
3.3.1 Non-tradable (N) Sector

(15)

The non-tradable sector is populated by a continuum of monopolistically com-
petitive firms owned by households. Each firm z € [0, 1] combines an imported
intermediate good, Xy, and domestic value added, Vi according to the

production function:

Yii(2) = [(’an)p"“ (Vwve(2)) oo 4+ (1= o) e (Xvare(2)) e

Pny—1 1 7‘)"”71:| pnv—1

(20)



AN is an exogenous productivity shock. Cost minimization gives the factor

demands:
1

WtN N 1 VNt(Z) (YNt Z))""U
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P  (2) [ an] (Ynw) L,{V(z) Vae(2) (21)
L Via(2) (YNt(z)>
RY = MCN (2an (v) e - , 22
t t ( ) N (FY ) Kt]\il(z) VN,t(Z) ( )
P 1 Y; Pnv
Mt _ RATM,; = MCtN(z) (1 — ypp) o ( Nt > (23)
Py 4 XNt

where MCN (z) is the real marginal cost for firm z. Given the first order
conditions for factor demands and the aggregate demand schedule, Yy ,(z) =

-
{P]Vﬁt‘(j)} (Cnt +I}\L,I7t JrIJ]\,V’t), firm z maximizes expected discounted profits by

choosing the optimal price Py ;(z). We assume firms follow a Calvo (8) pricing
rule, where (1 — 1) is the probability of being able to reset the price in each
period. Aggregation over firms and log-linear approximation gives the widely
used New Keynesian price adjustment equation for non-tradable good inflation.

3.3.2 Domestic Tradable (H) Sector

The tradable good H is produced both at home and abroad in a perfectly
competitive environment, where the Law of One Price holds:

PH,t = etPIfI,t (24)

where Pj;, follows an exogenous stochastic process. Domestic producers com-
bine an imported intermediate good, Xs¢, and domestic value added, Vg,
according to the production function:

Py
pyu—1 Pvi—l} puo—1

Y= () Vi) > + (1 —7v)7e (Xare) #v

(25)

Domestic value added is produced using labor and sector-specific capital as
inputs:

a 11—
Vie = Af (K2)™ (=)™ (26)
where A is an exogenous productivity shock.
Cost minimization gives the factor demands:
1
WtH 1 VH ¢ YH t Pv
= (1 — ) PV 2 : 27
B = (1= on) ()7 it (32 (27)
1 Vg (YH t> 7
R = o (W) 7 —5 ’ 28
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Prre (1 =) Xors (29)

Py + is the domestic currency price of the imported intermediate good.



3.4 Foreign Sector

We assume that the foreign-produced good F' is purchased by a continuum of
monopolistically competitive firms in the import sector as an input for produc-
tion. Each firm z can costlessly differentiate the imported good X to produce
a consumption good Cr(z) and an investment good Ir(z) using the production
technology Yr(z) = Xr(z), where Xp(z) denotes the amount of input imported
by firm z. The nominal marginal cost of producing one unit of output is defined
as MCE™™ () = et Py, where Py, is the foreign-currency price of Xp. The
domestic-currency price PF( ) is set by solving an optimal pricing problem that
is analogous to the problem discussed for the N sector. The producer faces an
aggregate demand schedule given by:

Pry(2)]7°
Veule) = | TR s 1t + 1

where Yi(2) = Cpi(2)+1§,(2)+11,(2), and the state-independent probability
of resetting the price at every period t is equal to (1 — ¥F) (Calvo (8)). As
Monacelli (? ) pointed out, this production structure generates deviations from
the law of one price in the short run, while asymptotically the pass-through from
the price of the imported good to the price of the consumption and investment
basket I is complete.? We will refer to this pricing structure as the Local
Currency Pricing (LCP) case.

When producers can optimally reset prices every period, the pass-through
is complete also in the short-run and the law of one price holds. In this case,
labeled Producer Currency Pricing (PCP), the domestic-currency price of good
F' is given by

Pri = preiPp, (30)

where pp is a constant markup. Note that in a symmetric equilibrium all
producers charge the same price Pr,(z). Under LCP, the markup pp responds
to business cycle shocks by altering the wedge between the price of the imported
(intermediate) and the price of the retail product.
The law of one price is assumed to hold for the imported intermediate good
M:
PMtzetP]Dt (31)

where Pf., and Py, follow exogenous stochastic processes.

Followmg Schmitt-Grohe and Uribe (44), the nominal interest rate at which
households can borrow internationally is given by the exogenous world interest
rate 7* plus a premium, which is assumed to be increasing in the real value of
the country’s stock of foreign debt:

(1+i;) = (1+7)g(—Bu.) (32)

2In log-linear form the aggregate inflation equation for good F is given by 7p; = Amcl +
BEsTE 141 where A = 7(17191?29(;76191’) and mcl” = e, +Pps — PFt



et B}
Pr ¢
ensures the stationarity of the model.

where By, = and g(-) is a positive, increasing function. Eq. (32)

3.5 Market Clearing

We assume government expenditures in H and N goods, G+ and Gy, follow
an exogenous stochastic process and are financed by lump-sum taxes. The
resource constraint in the non-tradable and domestic tradable sector is given by

N H ! Py (2) e
YN,t = (CN,t + IN,t + IN,t + GNJ)/ P77 dz (33)
0 N,t
Yui=ABut+Ch, (34)
ABpy=Cpus+ Iy, +Iff s + Guy (35)

where ABp; is domestic absorption and C’;Lt are net exports of the H good.
The trade balance, expressed in units of good H, can be written as

P P,
B Xy — 2 (X + Xnvare) (36)

NXp, =Cp, — 2t
)t Ht PH,t > PH,t

where Xp; = fol Ypi(2)dz = Yp. With complete pass-through, it holds: Yr; =
Xrt = (Cry —&—I{}ft —l—Igt). Assuming that domestic bonds are in zero net supply,
the current account (in nominal terms) reads as

etB;‘ = (]. + 7;:71> ethLl + PH,tNXH,t (37)
Finally, labor market clearing requires
ol =gl +H =H; (38)

Using the aggregate consumption good as numeraire, we obtain the total value
added in the economy as:

Py YN+ Pa Y, Py

GDPf = P — (X + XNM,t)SM,t?tC (39)
3.6 Terms of trade and real exchange rate
The definition of the two terms of trade is:
Pry
Spt = : 40
e = ot (40)
and p
g _ IM,t 41
e = (41)

s
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Also define

P
RATM, = Sy, RATTS ¢f = 244
Py

In the economy there exist two relevant (internal) real exchange rates, based
on the tradable price index we use:

Pry
e= L 42
qy PN,t ( )
. P
i Tt
43
qt PN . ( )

4 Model Parameterization

We choose a baseline parameterization that ensures a business cycle behaviour
consistent with observations from emerging market economies, for a monetary
policy following a Taylor rule. This step provides benchmark values for the
variance of the shocks driving the business cycle, that is, for the amount of
exogenous volatility an economy is exposed to. In the model economy, business
cycle fluctuations are generated by four domestic shocks (total factor productiv-
ity in the tradable and non-tradable good sector, shifts in household preferences,
and interest rate innovations) and four foreign shocks (price of the domestically-
produced tradable good, price of the imported intermediate input, price of the
imported tradable good, and interest rate on foreign-denominated debt). Con-
ditional on a constant exogenous volatility, we then study how the problem of
the optimal policymaker, and the cost of suboptimal policies, change as the
trade and production structure is altered. The Appendix provides details on
the baseline parameterization.

5 Trade and the Choice of Monetary Policy

This section discusses the implications of alternative technology and prefer-
ence constraints on the external trade and domestic production structure of our
model economy, and the implications for the choice of monetary policy. We do
not focus on how the optimal policy itself changes across economies. Fully opti-
mal policies are very model-specific, and policymakers are wary of committing
to one given uncertainties in the shocks’ propagation mechanisms and model
parameters. The optimal policy is though a useful benchmark to gauge how
costly the adoption of simple policy rules is. Among the many rules that coun-
tries adopt, pegging the exchange rate to a foreign currency is the avenue more
readily available to a country to credibly and transparently commit to stated
policy objectives. This will be our benchmark. If sub-optimal policies carry a
very low welfare penalty, the costs of creating incentives for policy-makers to im-
plement exactly the optimal policy (such as changing policy-making institutions
or creating monetary unions) may be unjustified.

11



5.1 Welfare Measure

The domestic monetary authority solves the problem of a benevolent planner
maximizing the household’s objective function conditional on the first order con-
ditions of the competitive equilibrium. This approach provides the equilibrium
sequences of endogenous variables solving the Ramsey problem.? The absolute
level of welfare that monetary policy can achieve depends on the parameters
characterizing the trade and production structure of the economy. We can-
not exclude that the production structure of the economy is endogenous to the
policy regime , at least to a certain extent. Nevertheless solving for the opti-
mal production structure conditional on the policy regime is a daunting task.*
Furthermore the empirical evidence on this endogeneity is not yet conclusive
and we can reasonably believe that the this effect plays a limited role in the
actual choice of exchange rate regime in practice. Therefore, we assume that
the policymaker cannot change the technological constraints of the economy in
which it operates. We show that not only the absolute level achieved by a given
policy, but the relative ranking and welfare cost of alternative policies relative
to the Ramsey plan is dependent on the trade and production structure of the
economy.

To measure the welfare level associated with a given policy in each economy,
we compute the expected lifetime utility conditional on the economy’s state
variables starting at a level equal to the non-stochastic steady state in time
t = 0 (see Schmitt-Grohe and Uribe, 2004, for a similar application of this
welfare measure in the context of a closed economy):

Ve =By p'U(CY, HY)

t=0

where C°, H? are the level of consumption and labor associated with the
optimal Ramsey plan in a given economy. All policy regimes share the same
non-stochastic steady state in a given economy. ° Let the welfare loss associated
with any alternative non-optimal regime be defined by:

oo

Vi = Eo ) BU(C, HY)

t=0

Define ) as the fraction of non-stochastic steady state consumption Cgg that
a household would be willing to give up to achieve the utility level associated
with the policy regime i = [0, q] :

3For a discussion of the Ramsey approach to optimal policy, see Schmitt-Grohe and Uribe
(2005), Benigno and Woodford (2006), Kahn et al. (2003).

4Many have argued that one of the effects of the creation of a single currency for the
European Union could be the increase in trade integration XXX references XXX

5For each regime the average state of the economy will be different. Therefore there exists
the possibility that the conditional welfare ranking of policies depends on the initial condition.
Note that using the unconditional expected lifetime utility as welfare measure runs into the
problem that the policy-maker ranks policies based on different initial conditions.

12



Ve = Eo Y BU((1 - X)Css, Hy)
t=0

Ve = Eo Y B'U((1 - Xa)Css, H)
t=0

The welfare loss in terms of units of steady state consumption from choosing
the suboptimal policy a relative to the optimal policy o is then given by:

loss = Ay — Ao

5.2 Technology, Preference Constraints and the Cost of
Fixing the Exchange Rate

This section focuses on ten model parameters among the ones defining the pref-
erences of the household and the technological constraints for the production
sector. The parameters v.n, Vin, 7 are equal in steady state to the shares
Cu/Cr, I /14, X/ Y, since the terms of trade Sg, Sy are exogenous in the
steady state, and can be set equal to unity without loss of generality. Implicitly,
the ratios Cy/Cp and I /Ip also depend each exclusively upon ven, 7in. The
corresponding elasticities of substitution for the goods in the tradable consump-
tion and investment aggregates, and for the inputs the tradable good production
function, are p.p, p;n and p,. The parameters ve,, Vin do not uniquely define
the steady state ratios Cr/C, I /17, since these will depend on the endogenous
internal real exchange rates ¢°, ¢° and on the elasticities pe,, pin. We keep the
parameter (1 — v,,), proportional to Xy /Yy, fixed at a value of zero, im-
plying the non-tradable good is produced exclusively with domestic inputs of
production.

To gain intuition about how the structure of trade and production affects
the welfare cost of fixing the exchange rate, we start by looking at welfare
outcomes conditional on combinations of the parameters. Later, we translate the
parameters into measurable ratios for the economy macroeconomic magnitudes,
and relate these to the welfare cost of alternative policies.

Let policy a be an exchange rate peg. Figure 1 shows the welfare loss A\, — A,
for different combination of .y, pern. In this experiment, we assume v;, = Yen
and p;, = pen. Bach surface is indexed by a value of +,. Consider the surface
generated for 7, = 0.5. For a given value of p,, the loss from fixing the exchange
rate increases with ~,, going from about 0.3% for v, = 0.3 to 0.7% for ~, =
0.9. This behaviour of the welfare function reflects the cost from pegging the
exchange rate as the economy becomes more and more closed (because the
demand for goods is increasingly biased toward non-tradables). As v, increases,
the exchange rate is less and less a relevant variable for the efficient allocation
of domestic resources. In fact, for 7, = 1 the Ramsey planner would want
to minimize the pricing distortion in the N sector, and fully stabilize prices
charged by the N-sector firms. For given ~,, the welfare loss increases the

13



lower the substitutability between N and T goods. This behaviour reflects the
same incentive for the policymaker. Consider a positive domestic productivity
shock in the H sector. Since Pr and Py are fixed under a peg, the relative
price Py /Py can only adjust through movements in Py . But the less goods are
substitutable, the more Py has to adjust (since there is little demand moving
away from the N good and compensating for the change in price). Since inflation
in Py generates both variability in the markup and price dispersion, the lower
Pn, the higher the inefficiency from ¢¢ adjusting through changes in Py rather
than changes in e * Pj.

This intuition though does not translate into the welfare loss from fixing the
exchange rate increasing the more the economy is closed to trade. The same
figure shows that as =y, decreases, so that tradable goods are produced with
a larger amount of imported intermediates, the welfare loss increases, even if
the economy trades more with the rest of the world. This behaviour reflects a
different incentive for the optimal policymaker, highlighted by Mundell (1961)
and Friedman (1953). Given price rigidities in the non-tradable sector, a flexible
exchange rate could generate the required adjustment in the relative price of
non-tradable goods and imported goods for an efficient allocation of resources.
The more open an economy, the larger the impact of an inefficiently adjusting
real exchange rate on the utility of the household and the efficiency of investment
allocation. For high values of «, implying a more closed economy where the
traded good is produced with a low input share of intermediates, the exchange
rate could generate an expenditure-switching effect for a smaller portion of the
consumption and investment expenditure. Therefore, a fixed exchange rate
resulting in a misaligned relative price would have smaller consequences for
welfare.

The trade-off between these two incentives for the policymaker depends heav-
ily on the input-output structure of the economy. While it is true that being
more open through a low -, or a low =, has opposite effects of our welfare mea-
sure, it is also true that increasing the steady state share of imported tradable
over the domestically produced tradable good has a minimal impact. This is
shown in figure 2, where we assume p,, is fixed at its benchmark value. The
figure is drawn assuming local currency pricing for the imported F' good. Under
producer currency pricing, the figure is essentially unaltered. Any explanation
for the behaviour of the welfare function must account for the fact that nominal
rigidity in the F' sector is not an important determinant of the policymaker’s
incentives, relative to the other inefficiencies in the economy.

5.3 Welfare and the Propagation Mechanism of Business
Cycle Shocks

Because of the complexity of the trade and production structure in the econ-
omy, the parameters ;, p; do not translate directly into steady state ratios for
a number of aggregate macroeconomic variables. We consider now the more il-
lustrative dimensions of trade and production in the economy, jointly with how
they translate into standard aggregate macroeconomic measures, to discuss the
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trade-offs faced by the policymaker.

Figure 3 shows the welfare isoquants as a function of ~,,, for three sepa-
rate values of ;. The isoquants for the steady state share of imports to GDP
are overlaid in the same plot. Along the isoquants representing openness, the
same degree of openness is consistent with different compositions of demand and
production. The fact that isoquants of the imports/GDP ratio are not parallel
to the ones of the welfare loss implies that two countries with the same degree
of openness can experience different losses of pegging the exchange rate. In fact,
the shape of the isoquants implies that for any imports to GDP ratios between
20 and 100 percent an economy can experience a welfare loss from pegging the
exchange rate ranging from 0.25% to over 1% of the steady state consump-
tion, depending on the composition of imports and the domestic technology
constraints.

To understand this result, consider that the impact of ~,, 7y,, operates through
three channels. First, the more open the economy, the higher its exposure to
foreign shocks. The volatility of Py;, Pj propagating through the economy de-
pends on the degree of openness, and increases the less the exchange rate is
left free to adjust. Second, the larger -, the bigger the weight of the nominal
rigidity inefficiency in the household’s utility. Obviously, under LCP, for small
values of v a change in +, simply changes the share of nominal rigidity at-
tributed to the F' sector and to the N sector. But looking at the plots across
different values of v, shows that the impact of LCP must be small, since vy,
has a large effect on the openness measure, but not on the welfare loss for a
given level of the imports to GDP ratio. Our model highlights a third, impor-
tant channel through which ~,, v, impact welfare. As these parameters change,
the propagation mechanism of the shocks, and the way in which they generate
distortions, changes endogenously.

Consider the impact of ~,. For given +,, an economy fixing the exchange
rate is better off with a lower share (1 — ~,) of intermediate imports in the
tradeable good production. Since Py, Pp; are both fixed in foreign currency,
a fixed exchange rate results in any shock to, say Py, affecting directly also
the relative price Py /Pys. Since the price of one input in the tradable sector
has changed, but producers cannot adjust the output price, all adjustment is
left to the factor demands. This results in an endogenous change in the price
paid for the domestic inputs, including the salary paid to workers. Since labor
is a mobile factor across sectors, the change in Py results in a change also for
the salary in the non-traded sector, and in an adjustment for Py. Since changes
in Py come at a cost in efficiency, the welfare loss can be explained by the
exchange rate not performing the Friedman-Mundell role in adjusting relative
prices. The higher the intermediate imports’ share in production, the larger the
movements in input prices and in P .

The role of v, was discussed earlier. An important observation is that the
welfare isoquants in figure 3 become more parallel to the horizontal axis as v,
decreases. That is, v, becomes irrelevant as the economy becomes more biased
towards tradables. Also, the relative loss itself becomes very small for low values
of v,. This is not a consequence of the fact that the allocation under a fixed
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exchange rate is close to the first best. The allocation might be very far from the
first best; but for low values of 7,, monetary policy becomes ineffective, therefore
the Ramsey planner can do very little to improve on the fixed exchange rate
allocation.

Consider now the impact of 5. We already observed that the business cycle
distortion from LCP has a negligible impact on the results. A change in vy
also implies that the way in which shocks propagate in the economy changes.
This is also true for how the foreign shocks - changes in Pr - affect eventually
Py. But while a shock to P;, whose impact depends on v, affects directly
the N sector through the input prices, a shock to Pr affects the other sectors
only through a long chain of demand for substitutable goods. The good F' is
substitutable for the good H, which in turn is substitutable for the good N. The
chain of substitutabilities mutes the impact of any shock to Pg into the rest of
the economy.

This is also true if we allow only the change in the imported tradable share
of investment to change, rather than the consumption share, by changing ;.
The result of this experiment is shown in figure 4. The welfare and imported
investment measure isoquants are close to perpendicular regardless of the choice
of 7, in each of the four panels.

6 A Welfare-weighted Index of Openness
I

7 Conclusions

In this paper we investigate how international trade affects monetary policy.
We ask how the technology and preference constraints defining the trade rela-
tionships between an economy and the rest of the world, and the structure of
goods and production inputs’ markets, affect the choice of an optimal monetary
policy. We document that differences in trade across countries (especially EME
and OECD countries) are substantial, and that the composition of trade varies
as much as openness to trade.

Our results show that the trade and production structure affects welfare
through three different channels: the exposure of the economy to foreign busi-
ness cycle shocks, the size of the sector where rigidities constrain the choice
of firms and households in the disaggregated equilibrium, and, most impor-
tantly, the substitutability between alternative consumption goods and factor
inputs, and its impact on the propagation mechanism. The welfare implications
of alternative technology and preference constraints easily map into measur-
able macroeconomic characteristics of countries. First, the traditional imports
to GDP ratio turns out to be close to irrelevant for the ranking of monetary
policies. Second, the composition of imports has a very substantial impact on
welfare. Given the same degree of openness, the exchange rate peg is more
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inefficient if the bias towards non-tradable goods is high, and less inefficient if
the share of imported intermediates is low. That is, open countries engaging
in much vertical trade find it more costly to peg the exchange rate. Third,
while a stylized regularity of emerging market economies is the very high share
of imported capital goods, compared with industrial countries, this turns out
to have no impact on the welfare result. Fourth, local currency pricing has a
muted impact . This is the consequence of two assumptions: the existence of
a long chain of substitutability in demanded goods, and the mobility of labor
across sectors, so that imported inputs affect factor prices in all sectors directly,
rather than through general equilibrium effects.
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7.1 Parameterization

The quarterly discount factor (3 is set equal to 0.99, which implies a steady-state real
world interest rate of 4 percent in a steady state with zero inflation. The elasticity of
labor supply is set equal to %, and the ratio of average hours worked relative to total
hours equal to % The elasticity of substitution between tradable and non-tradable
goods in the consumption and investment index, pc, and pj,, is set equal to 0.9,a
value slightly higher than Stockman and Tesar (45). We assume that the foreign
and domestic goods in the tradable consumption and investment aggregates are closer
substitutes, setting pen, = p;n = 1.5. Similarly, we will assume Ve, = Vin, = Ynand
Yeh = Yih = Vh-

The aggregate consumption (and investment) index parameter v, is equal to 0.4.
This implies that the steady-state share of non-tradable goods in total consumption
is 63 percent, and 68percent in total investment. This value is comparable with the
data on GDP by origin in the Czech Republic, one of the new EU member states with
the highest GDP per capita. Note that the share of non-tradable goods in CPI data
is typically smaller: This share, in fact, excludes a large part of GDP consumed by
the government sector. Lipinska (? ) reports that the weight of non-tradable goods in
the CPI of the new EU member states ranges from 37 percent (Estonia) to 49 percent
(Slovenia) over the 2000-05 period, and is 51 percent for EU-15. Data on GDP by
origin in emerging markets suggest values close to the model parameterization. We
assume 40 percent of domestic non-tradable output is absorbed by the government
sector in steady state. The share 7yjof the domestically produced tradable good H
in the tradable good consumption composite is set to 0.8, implying C/Y equal to 47
percent.

We assume there are no capital adjustment costs in steady state. The elasticity of
Tobin’s Q with respect to the investment-capital ratio is taken to be 0.5. The quarterly
depreciation rate of capital, , is assigned the conventional value of 0.025. Following
Cooks and Devereux (? ) the tradable sector is assumed to be more capital-intensive
than the non-tradable sector, with ap, = 0.67 and «,, = 0.33. The elasticity of
substitution p, between the imported intermediate good X7 ; and domestic Hsector
value added Vi 4 is set equal to 0.5.

The share of domestic value added in the tradable good production function, 7,, is
such that in a balanced-trade steady state the ratio of imports to GDP is 60 percent.
Among the new EU member states, this share ranges from 35 percent (Poland) to
86 percent (Estonia) (Lipinska (? ), ECB (26)). We set 7y,, = limplying the non-
traded sector good is produced entirely with domestic inputs. The speed of price-
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adjustment in the non-tradable sector is assumed to be slower than in the US, and
on the upper end of estimates for European countries reported by Clarida et al. (13).
The unconditional probability (1 — 1) of adjusting prices in any period is set equal to
0.2. With larger values, CPI inflation would be too volatile, given that the share of
non-tradable consumption goods—whose price cannot be adjusted in every period—is
about two-thirds. The steady-state mark-up in the non-tradable sector is set equal to
10 percent, consistent with macroeconomic evidence for OECD countries. The markup
and the price-adjustment speed in the consumption good import sector are assumed
identical to the non-traded good sector.
The monetary authority adjusts the nominal interest rate according to the rule:

(14i;) = Kllj;”)w <:t)w (;f)wy} R iy (44)

where Wy, We, wy > 0 are the feedback coefficients to CPI inflation, nominal exchange
rate, and GDP in units of domestic consumption aggregate (Y;), x € [0,1) is the
degree of smoothing and €; ; is an exogenous shock to monetary policy. The subscript
ss indicates the steady-state value of a variable. We set w; = 1, wy = 0.4,w, =
0.1, x =0.8.

The parameterization of the exogenous stochastic processes follows the recent liter-
ature on micro-founded open-economy model with nominal rigidities (Gali and Mona-
celli (? ), Kollman (32) (? ), Laxton and Pesenti (? ), Monacelli (? ) (? )).The
exogenous stochastic processes for the total factor productivity shock in the tradable
and non-tradable good sector, the household preference shifter, the foreign-currency
price of the tradable goods H and F' and the imported intermediate input, and the
foreign interest rate follow an AR(1) specification in logs:

a’f = paHa'f—l +Eqn
W = puvall s + ey
dy = padi—1 + €a
PHt = PouPHi—1 + Epa.t
p},t = pPFp*F,tfl + Eprot
p}kw,t = PpMpX/[,t—l t Epurit
Z: = pi*iill + Eixt
Zj. The productivity shock in-

novation volatility is set in both sectors equal to o, = 0.008 with p, = 0.95. These
values are in line with the international business cycle literature, and close to the

where €; ¢ is normally distributed with variance o

ones in Gali and Monacelli (? ) and Monacelli (? ), and to the average estimate in
Kollman (? ) for UK, Japan, Germany over the 1973-1994 sample. The coefficients
for the unobservable preference shock process d; are left as free parameters, and are
adjusted to ensure sufficient volatility in domestic output. We set pg = 0.85 and
04 = 0.009.These values are larger than those in Laxton and Pesenti (? ) (pg = 0.7
and 04 = 0.004) and similar to the values reported by Monacelli (? ). To parameter-
ize the process for the foreign interest rate we use Eurostat data on the average money
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market rate in the EU-15, resulting in estimates of p;» = 0.95 and o;+ = 0.001. The
exogenous innovation €; ; in the monetary policy rule follows an i.i.d. process, and its
standard deviation is set at g; = 0.001, a low value that reflects the evidence on the
small role played by non-systematic monetary policy in business cycle fluctuations in
a number of countries.

To parameterize the stochastic process for the foreign prices we use data for a fast
growing accession country, the Czech Republic, over the period 1994-2002. The time
series for p7, j = F, M, is obtained from detrended import commodity price indices
converted in units of foreign currency (euro) using the Nominal Effective Exchange
Rate . The weights for the foreign intermediate and consumption goods’ price indices
are the 1997-2006 average Commodity Composition of Imports as reported by IMF
(30), the Czech Statistical Office, and the Czech National Bank (July 2006 data). pj;
is obtained from the aggregate export price index converted in units of foreign currency
using the Nominal Effective Exchange Rate.

Under the baseline parameterization the volatility of output in percentage terms is
2.25. Neumeyer and Perri (? ) find an average GDP volatility for Argentina, Brazil,
Korea, Mexico, and the Philippines equal to 2.79 percent over the period 1994-2001.
Among the eight Central and Eastern European new EU members, GDP volatility
ranged from 0.72 percent (Hungary) to 2.83 percent (Lithuania) in the 1998-2002
period (Darvas and Szapary (7 )).

The standard deviation of consumption and net exports is equal to 2.71and 2.54
(respectively 3.63and 2.40 across five emerging markets economies,Neumeyer and
Perri (? )). The policy rule implies a large volatility for the nominal exchange rate,
equal to 8.02 percent (Kollman (32) reports an average value of 9.13 percent for
Japan, UK, and Germany over the 1973-1994 period).

The volatility of inflation for the composite of tradable goods is 1.12,about twice
as large as the volatility of the non-tradable good inflation (0.64), owing to the larger
share of flexible prices in the tradable good sector. The volatility for C'PI inflation is
equal to 0.66.
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Figure 1: Welfare loss in pp of steady-state consumption
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Figure 2: Welfare loss in pp of steady-state consumption
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Figure 3: Welfare and import share of GDP
yH=0.3

0.9
0.8

081/~
07 I
0.6 0A_5A—77
YN -
0.5 AN
~N
o4 026956~
03f 5 e
37
0.2t ~
N
0.3 0.7 0.8
yH=0.9
5= imports/gdp
08 Welfare ]




Figure 4: Welfare and imported investment as share of domestic tradable in-
vestment
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