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Abstract

The paper analyzes optimal monetary strategy and policy trade-offs in a DSGE model of an
open economy with traded and non-traded sectors. We approximate the utility of the repre-
sentative consumer to obtain a micro-founded quadratic loss function of the form extensively
used for monetary policy assessment. The central bank’s optimal strategy is computed and
optimal and simple policy rules compared according to the derived welfare measure. The
findings suggest that social welfare objectives display sector-specific features and prescribe
the stabilisation of the appropriately weighted sectoral inflation rates and output gaps. A
certain degree of the relative price management is also optimal. We analyze macroeconomic
volatility and welfare losses under a number of simple policy rules and analyze their ability

to replicate the optimal solution.
Abstrakt

Tato préace analyzuje optimélni ménovou strategii a ménové-politické konflikty v DSGE mod-
elu otévrené ekonomiky s obchodovatelnym a neobchodovatelnym sektorem. Aproximact
uzitku reprezentativniho agenta je ziskdna kvadratickd ztratovd funkce ve formé, kterd je
casto pouzivdna pri hodnoceni ménové politiky. Odvozend optiméalni strategie centrdlni banky
je porovndvéna s alternativnimi ménové-politickymi pravidly pomoci odvozeného métitka
blahobytu. Vysledky naznacuji, ze spolecensky optimdlni ménovd politika vykazuje sek-
torové specifické charakteristiky a vyzaduje stabilizaci piislusné vdzenych mér inflace a mezer
vystupu. Ur¢ity stupein relativniho fizeni cen je také optimdlni. Soucasné analyzujeme
makroekonomickou volatilitu a ztraty spolecenského blahobytu spojené s nékolika rozli¢nymi
jednoduchymi pravidly a posuzujeme jejich schopnost replikovat optimélni feseni.
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1 Introduction

In the world of dynamic interactions between economies through international trade,
should policymakers account for various country-specific features when implementing
monetary strategy, or should they assume that welfare can be maximized under the
uniform specification of the policy objectives? In other words, to what extent are
the appropriate monetary policy targets endogenous to specific characteristics such as
country size, degree of openness, asymmetric economic and trading structure, and the
level of development across countries? This paper aims to contribute to the discussion
of these crucial issues of monetary policy design and practical implementation.

The importance of taking a systematic approach to the conduct of monetary policy,
featuring explicit formulation of policy objectives, has been rising in recent decades.
Price stability has been recognized as the overriding policy goal by many monetary
institutions worldwide. As a result, a new operational framework has been introduced
by the most advanced central banks in order to match the officially stated goals of
macroeconomic stabilization with their practical realization. Inflation targeting, which
implies a quantitative specification of the desired level of inflation, has gained a rep-
utation as being a strategy capable of generating stable and non-inflationary growth,
thus strengthening the policy credibility and reputation of the monetary authority.

However, important features of modern economies, such as the social and economic
consequences of unemployment, uncertainties of various types, asymmetric economic
structure, and interrelations with the rest of the world, have brought about efforts to
widen the range of policy objectives beyond inflation (price) stability alone. There-
fore, over the past several years, the attention of leading economists has turned to
the issue of formal characterization of the proper monetary policy objectives. These
concerns have spurred a variety of research attempting to shed some light on the ques-
tion of whether strict inflation targeting represents the optimal monetary policy from
the welfare viewpoint. Addressing this topic is the most challenging when analyzing
open economy models, where the formulation of policy targets appears to be more
controversial compared to a closed economy setting.

The central issue in the literature on open economies is the assessment of the im-
plications of openness for the formulation of a central bank’s policy objectives and
welfare analysis. In other words, the underlying questions are whether a central bank
should also target open economy variables, i.e., the exchange rate, and how the tar-

geting of domestic variables changes under the exposure of the economy to external
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factors. Answering these questions involves studying the conditions under which the
open economy problem is not isomorphic to the closed economy model specification.
Another topic which has attracted a great deal of attention from both researchers and
practitioners is related to the determination of the appropriate inflation measure that
has to be stabilized.

The problem of formal welfare analysis and the characterization of optimal mon-
etary policy rules for different economic models have been addressed in a number of
studies. It has been shown that welfare-maximizing monetary policy in a closed econ-
omy should aim to stabilize both CPI inflation and the output gap. Woodford (2003)
derives the corresponding loss function from the utility of the representative household.
In studies of open economies, the ranking of alternative monetary regimes and policy
rules has been extensively performed on the basis of ad hoc objective functions or,
alternatively, welfare representations derived for closed economy models.

A surprising conclusion drawn by several authors who have performed explicit wel-
fare derivation for models of open economies is that exchange rate fluctuations have
no direct impact on welfare. Specifically, Clarida, Gali, and Gertler (2001) find that
under perfect exchange rate pass-through, the qualitative results for the closed econ-
omy carry over to the open economy. Gali and Monacelli (2005), who characterize the
welfare of a small open economy for a special case of parameter values and under the
balanced trade assumption, support the previous result and conclude that the small
open economy problem is identical to that of a closed economy. The above results
taken at face value imply optimality of complete exchange rate flexibility.

However, a number of recent studies have challenged this finding. Specifically,
Corsetti and Pesenti (2005), Sutherland (2002), and Monacelli (2003) show that under
incomplete pass-through, optimal policy is not purely inward looking. Benigno and Be-
nigno (2006) analyze the gains from international monetary policy cooperation. They
study the conditions under which individual countries have incentives to influence the
terms of trade and thus to deviate from the socially optimal point. De Paoli (2006)
finds that the simple violation of purchasing power parity (PPP), which arises from
home bias in consumption, brings in a role for targeting the real exchange rate in a
one-sector small open economy model. Liu and Pappa (2005) consider a two-sector,
open economy model in a two-country framework. Their study provides interesting
insights into the impact of an asymmetric structure between sectors on the gains from
cooperation. Their results suggest that in an economy with multiple sectors, and thus
multiple sources of nominal rigidities, optimal monetary policy cannot replicate a flex-
ible price allocation creating the scope for coordination. The important limitation of

their work for the analysis of optimal monetary policy is the assumption of unitary



elasticity of substitution across goods and a logarithmic utility function. As a result,
under this very special case, important welfare effects vanish and general conclusions
concerning the optimal monetary policy cannot be derived.

The theoretical contributions discussed above mainly address the issue of the op-
timal monetary policy in stylized model frameworks that are derived from micro-
foundations, but, at the same time, they represent rather a simplified view of the
real economy. Factors such as uncertainties, transmission mechanism lags, adjustment
costs, and other country-specific characteristics are difficult to take into account in
this class of models. Therefore, an alternative methodological approach, which allows
the incorporation of more realistic features of real economies into the model, is now
widely used in the literature and practice of central banks. This approach implies the
derivation of the optimal policy rules on the basis of reduced-form model equations and
an ad-hoc welfare function. Among the relevant contributions in the field is the pa-
per by Hlédik (2003), who investigates the second-round effects of selected supply-side
shocks and of shocks to the nominal exchange rate on wages and inflation. The author
analyzes the optimal reaction of the central bank to these shocks and derives the op-
timal policy rules within the New-Keynesian framework. The reduced form approach
employed in this paper allows us to incorporate a realistic (for the Czech economy)
specification of wage contracts, to account for the delayed effects of monetary policy,
and to include backward-looking components into the model. Consequently, the dy-
namics of the model are more realistic, which makes the results of such an analysis and
the approach in general extremely useful for practical purposes.

Our work aims to analyze the stabilization objectives of optimal monetary policy
and the trade-offs facing the central bank in a two-sector, small open economy model
obtained as a limiting case of a two-country Dynamic Stochastic General Equilibrium
framework. We assess the role of general preferences, structural asymmetries, and
multiple relative prices for monetary policy design and welfare evaluation. Specifically,
we aim to contribute to the normative analysis of open economies by introducing
a more complicated economic structure, namely, multiple domestic sectors combined
with a variety of sector-specific and foreign shocks. In addition, we consider a general
specification of preferences. These features of the model differentiate our work from the
previous studies, which derived their results for the special cases of unitary elasticity
of substitution across goods or, alternatively, relied on the ad hoc objective functions
and welfare representations obtained for closed economy models. By abstracting from
those simplifying assumptions we are able to uncover additional welfare effects specific
to the open multisectoral economy and make a methodological contribution by deriving

the utility-based welfare measure and the optimal reaction function of the central
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bank under more generalized preferences. For this purpose we employ the linear-
quadratic solution methods discussed in Benigno and Benigno (2006) and Benigno and
Woodford (2005), which involve computation of a second-order approximation of the
model structural equations. This approach enables us to analyze the determinants of
optimal monetary policy and rank alternative monetary policy regimes on the basis
of a rigorous welfare measure derived from micro foundations and approximated by a
tractable quadratic form.

The results of our study support the conclusion drawn by Benigno and Benigno
(2006) and De Paoli (2006) that the optimal monetary policy for an open economy,
in general, is not isomorphic to the one prescribed for the closed economy. Unlike
the contributions mentioned above, our findings are determined by a multisectoral
economic structure and, in particular, by the various sensitivities of the domestic sectors
to exogenous shocks. We find that differentiating production between traded and non-
traded goods in the open economy generates important implications for optimal policy
and welfare. While in the closed economy setting the best strategy is determined purely
by structural characteristics such as sector size or degree of nominal rigidities, the open
economy formulation implies, in addition, openness to trade of one of the domestic
segments. Such a qualitative difference between sectors determines their asymmetric
response to exogenous shocks (even of identical magnitude) and brings sector-specific
features into the formulation of stabilization objectives.

Moreover, our model representation provides important insights into the relevant
policy trade-offs. In particular, we show that introducing the non-traded sector into the
setup with general preferences allows the modeling of the endogenous conflict between
the objectives of inflation and exchange rate stabilization in addition to the inflation-
output gap policy trade-off common in the literature. We would like to emphasize
that under the special case of unitary elasticity of substitution and logarithmic utility,
as in the two-sector model by Liu Pappa (2005), only the standard inflation-output
gap trade-off can be generated. Thus, the crucial role of multiple relative prices in
modeling another empirically appealing policy challenge disappears. Furthermore, we
derive the optimal targeting rule, which determines the variables (targets) to which
the central bank should respond in order to achieve efficient allocation of resources, as
well as the magnitude of such a response. We show that the optimal targeting rule
is represented by a complex expression that involves backward and forward-looking
components. In general, the rule prescribes the response of the central bank to the
appropriately specified measure of domestic inflation, sectoral output gaps, as well as
to the relevant relative prices, i.e., the exchange rate and the relative price of non-traded

goods.



Finally, we experiment with alternative simple rules and analyze their ability to
replicate the optimal solution. Such an exercise enables us to explicitly demonstrate
and numerically evaluate policy trade-offs in terms of macroeconomic volatility. Our
results suggest that targeting domestic inflation is not always the best approximation
for the optimal policy, and social welfare can be improved by accounting for other pol-
icy objectives, namely, the output gap and the exchange rate. We present a ranking of
alternative simple rules, which indicates the costs of implementing alternative mone-
tary strategies and can provide useful information for managing the conflicting policy
objectives. We show that the simple rules which incorporate a response to exchnage
rate changes acheive better stabilization of sector-specific variables and thus improve
welfare. Such a result is important because a strategy which differentiates the response
between domestic sectors is difficult to design and implement in practice. Generally,
the simple rules perform quite well in terms of macroeconomic stabilization (relative
to the optimal rule) and can deliver reasonable welfare results.

The paper is organized as follows. Section 2 presents the model and section 3
describes the equilibrium dynamics. Section 4 analyzes the monetary policy problem
and welfare. Section 5 describes the results of the numerical simulation. Section 6
illustrates the welfare implications of alternative simple rules. Finally, the results of

the paper are summarized in section 7.

2 A Two-Sector, Small Open Economy Model

The framework is represented by a two-country dynamic general equilibrium model
where both sides, Home (the open economy — H) and Foreign (the rest of the world,
the relatively closed economy — F'), are explicitly modeled. The small open economy
problem is derived as a limiting case of such a framework (as in De Paoli, 2006). Each
country has two domestic sectors, which produce traded and non-traded goods; the
share of non-traded goods may vary in the consumption basket of each country. A
continuum of infinitively lived households consumes the final consumption good, which
includes goods produced in both domestic sectors as well as imported goods. House-
holds produce differentiated intermediate goods and receive disutility from production.
We introduce monopolistic distortion and sticky prices in both sectors. These assump-
tions represent the standard way of introducing the role for monetary policy into such
class of models. Households as consumers maximize their utility and solve the optimal
price-setting problem as producers.

The model specification allows us to consider the closed economy, the open one-



sector economy, and the economy with unitary elasticity of substitution as special cases
of our more general analysis. We assume sector-specific productivity, fiscal, and mark-
up shocks; the degree of nominal rigidities may also differ across sectors. Furthermore,
we assume production subsidies in order to offset the monopolistic distortions in both

sectors. The international and domestic asset markets are complete.

2.1 Representative Households

In our two-country framework a continuum of domestic households belong to the in-
terval [0,n), while foreign agents belong to the segment (n, 1]. The utility function of

a representative consumer in country H or F' is given by:

Ut] = Et {Z 5S_t[U<Cg) - V(ZJ&T(]‘); AZ,T) - V(ys,N<j)7 A;,N)]} )

where j is the index specific to the household, and ¢ is the country index; E; denotes
the expectation operator conditional on the information set at time ¢, and 3 is the
intertemporal discount factor. U(.) represents the flows of utility from consumption
of a composite good and V(.) stands for the flows of disutility from production of
differentiated goods. Each household produces two types of differentiated goods —
traded and non-traded. The home economy produces a continuum of differentiated
traded goods indexed on the interval [0, n], whereas the foreign economy’s traded goods
belong to the interval (n,1]. In addition, a continuum of differentiated non-traded
goods are indexed on the interval [0,n] and (n,1] for the home and foreign country,
respectively. A denotes a productivity shock that can be country and sector specific.
The subscript 1" stands for the traded sector, whereas /N denotes the non-traded sector.

In our analysis we assume that preferences have isoelastic functional form:
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where L = H, N; p > 0 is the inverse of the intertemporal elasticity of substitution in
consumption, and n > 0 is equivalent to the inverse of the elasticity of goods production.
The composite consumption good C' is a Dixit-Stiglitz aggregator of traded and non-
traded goods defined as:
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where C'y and Cr are the consumption sub-indexes that refer to the consumption of



non-traded and traded goods, respectively, w > 0 is the intratemporal elasticity of
substitution, and v is a preference parameter that measures the relative weight that
individuals put on non-traded goods.

Preferences for the rest of the world are specified in a similar fashion:
¢ =[(y)=(C§) = + (A —7")=(CF) = ]+,

where the asterisk denotes a foreign country variable.
Traded consumption goods are the aggregators of goods produced at home and

abroad and defined as:

Gy = [iCy +(1—v)iC,7 |7,
CIF = (W) T + (1— 03 (Cp) 7],

where v and v* are the parameters that determine the preferences of agents in countries
H and F, respectively, for the consumption of goods produced at Home.

As in Sutherland (2002) and De Paoli (2006) we assume that v*, the share of
imported goods from country H in the consumption basket of country F', increases
proportionally to the relative size of the home economy n and the degree of openness
v*. Thus we assume that v* = n-0*. Similarly, (1—v) = (1—n)-0*. Such a specification
allows modeling of home bias in consumption as a consequence of different country size
and degree of openness.

The consumption sub-indices of non-traded, home-produced, and foreign-produced

differentiated goods are defined as follows:
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where o > 1 is the elasticity of substitution across the differentiated goods.

The corresponding consumption-based price indexes for countries H and F' take



the form:

P=[yPy¥ + (1 —~)Pi v (1)
Pr = [UP1 —0 4 ( v)Pl_(’]]ﬁ (1a)
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The price sub-indices for home, foreign, and non-traded goods in the two economies

Py = (%) / R P () / o]
Py = (%) / worean] Pr = —(ﬁn) / o]
Py = (%) / RN I Pi = —(;n) / ) "

where py(2), pu(2), and pr(z) are prices in units of the domestic currency of the home-
produced non-traded and traded goods, and foreign-produced goods. The law of one
price holds for differentiated goods, i.e., pa(2) = S p;(2) and ps(z) = S - p}(2), where
S is the nominal exchange rate, defined as the price of the foreign currency in terms
of the domestic currency. This in turn implies that Py = S - Pj; and Pr = S - P;.
However, equations (1) and (2) demonstrate that the presence of non-traded goods
and the home bias in consumption result in a violation of the Purchasing Power Parity
(PPP), i.e., P # S+ P*. Thus, the real exchange rate is not equal to one and is defined
as ER = . The real exchange rate determinants will be more explicitly analyzed

in subsectlon 2.5.

2.2 Aggregate Demand

By solving the consumer’s cost minimization problem, we derive the total demand for
the differentiated goods produced in countries H and F' as well as the demand for the

non-traded goods in both countries. The resulting demand equations for country H



take the following form:
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where G and G* are country and sector-specific government purchase shocks, Pry =

is the relative price of foreign to home-produced goods, i.e., the terms of trade, and

Pr
Py

E'R is the real exchange rate.
In order to obtain the small open economy version of our general two-country
= (1 —n)-?0" and

framework, we apply the assumptions v* = n - 0" and (1 — v)
take the limit n — 0 similar to De Paoli (2006). As a result, the demand equations

can be simplified to:
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Therefore, the demand side for our two-sector, small open economy model is represented
by equations (4), (6), (7), and (8).
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The demand equations illustrate the small open economy implications, the impact
of the economic structure, and a more general specification of preferences. In particular,
the demand for goods produced at Home depends on both domestic and foreign con-
sumption, whereas the demand for foreign-produced goods is not affected by changes
in Home consumption. Moreover, the two-sector model specification brings in the dif-
ferentiated impact of the terms of trade and the real exchange rate on the total demand
for tradable goods. This happens under the general assumption that 6 # w. The lit-
erature on open economies usually assumes that # > w , > 1, and w is small. This
implies that non-traded and traded goods are complements in the consumption basket.

At the same time, home and foreign-produced goods are considered as substitutes.

2.3 International Risk Sharing

Foreign and domestic households have access to the international financial market,
where state-contingent nominal bonds are traded. Households at home and abroad
make their optimal consumption-saving decisions. They maximize their utility subject

to the sequence of budget constraints for ¢ = 0,1, ...
P,Cy+ EDyy 1By < By + 11, + T3,

where B,,; is the holding of a nominal state-contingent bond that pays one unit of
home currency in period ¢ + 1, Dy, is the period t price of the bond, II; is the
profit income from goods production, and 7; is the transfer from the government. The
complete-market assumption implies that the marginal rate of substitution between

consumption in the two countries is equalized:

UC(C:H) Py 5 _ Uc(Cia) P

Ue(C) Pry S~ UolCh) Pt )

The international risk-sharing equation presented above illustrates the equality of nomi-
nal wealth in both countries in all states and time periods. The violation of PPP implies
that fluctuations in the real exchange rate may result in a divergence in consumption
across countries even under optimal risk sharing.

Consumers’ optimization problem implies the following Euler equation:

where R; is the nominal interest rate. Log-linearization of this condition leads to the
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following expression:
?t =p (Ct+1 — Ct> + E7Tt+1.

2.4 Optimal Pricing Decisions

Each household is a monopolistic producer of one differentiated traded and one non-
traded good. The domestic household sets the price py(z) and pp(z) and takes as
given P, Py, Py, Pr, and C. The price-setting behavior is modeled according to Calvo
(1983). In countries H and F in each time period a fraction ay € [0,1) of randomly
picked producers in each sector (L = N, H) are not allowed to change their prices. Thus
the parameter o, reflects the level of price stickiness. The remaining fraction (1 — o)
can choose the optimal sector-specific price by maximizing the expected discounted

value of profits:

Ey Z(@Lﬁ)sit [%SS)Q — 7s)PeL(2)Yes.0(2) = V(Us(2), Asp) |
S=t

where after-tax revenues in each sector are evaluated using the marginal utility of
nominal income, %SCS), which is identical for all households in the country under
the assumption of complete markets; 7¢ is the tax rate; p;r(z) is the price of the
differentiated good z, which is produced in sector L, chosen at time ¢ , and y; 5 ,(2) is
the total demand for good z, produced in sector L, at time S, conditional on the fact
that the price p: 1(2) has not been changed. All producers who belong to the fraction
(1 — ar) choose the same price.

The optimal price p; 1 (z), which is derived from the first-order conditions, takes the

following form:

E, i (rB)57V (G5.0(2), As.1)is,0(2)

bri(z) = —""— — : (10)
By Y (B G s (2)

where g = represents the overall degree of monopolistic distortion and

T rsr)e D)
leads to an inefficient gap between the marginal utility of consumption and the marginal
disutility of production. Benigno and Benigno (2006) and De Paoli (2006) refer to this
gap as the mark-up shock. A Calvo-type setting implies the following law of motion

for the sectoral price indices:

1

PLﬂg = [OéL(PL,t_l)l_U + (1 — OZL>]3/15,L(Z)1_U]E. (11)
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Similar conditions can be derived for the producers in country F'.

2.5 Real Exchange Rate Decomposition and PPP Violation

In order to explore the structural economic factors that result in PPP violation, we
consider the real exchange rate decomposition. The real exchange rate is defined as
ER = 2L We use the price indexes (1), (1a), (2), and (2a) to express the real
exchange rate as a function of relative prices and preference parameters. We also use
the fact that the law of one price holds for tradable goods, i.e., Py = S - Pj; and

Prp =S - Pj. The real exchange rate can be presented as:

ER = (“* i “*)(PFH>1‘9> * <v*(P;eT)1—w (- 7*)) e

0 (L= 0)(Prm)? A (Prr) o + (1= 7) (12)

where Pry is the terms of trade defined in the previous sections, and Pyr = I;—f;’ and
PYr = };—if are the relative prices of non-traded goods in the two countries. Such a
decomposition enables us to analyze the different channels of PPP violation. First of
all, we note that under v # v*,the ER is affected by the terms of trade. For our small
open economy model specification, given the assumptions on v and v*, the difference
in country size necessarily results in different shares of consumption of home-produced
goods in countries H and F. This so-called home bias channel has also been analyzed
by De Paoli (2006) and Sutherland (2002).

Another important component that explains the deviation of the EFR from PPP is
determined by the multisectoral economic structure. Specifically, different preferences
for consumption of non-traded goods across countries, i.e., v # 7*, as well as changes
in the relative price of non-traded goods determine the fluctuation in the ER. The
divergence in relative prices may occur as a result of country or sector-specific produc-
tivity shocks. Moreover, the law of one price holds for traded goods only. Nothing
can ensure that the same equality will hold for the goods produced in the non-traded
sector. Therefore, the exchange rate in our model is a composite term of two types of
relative prices. As far as the policy issues are concerned, such a distinction implies a

more difficult task of exchange rate management.

3 Equilibrium Dynamics

The equilibrium is described by the allocations of C s, Cp¢, Cn¢, Biyr and C’;Lt, T

N.+» Biyy for domestic and foreign households, respectively; the allocations of y; v(2)
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and price py y(2) for non-traded goods produced in country H and y; y(2), ;l;kt’ ~(2) for
the intermediate goods produced in country F; the allocations yg (%) and price p; g (2)
for traded goods produced in the domestic economy, and i (), pi.n(2) for traded
goods produced abroad; and prices Dy;i1, Si, ERy, Py Py, Pry, Py, PrPyy, Prys

Py, that satisty the following equilibrium conditions:

1. taking prices as given, the household’s allocation in each country solves the con-

sumer’s utility maximization problem;

2. taking aggregate prices as given, the demand allocations and the price of each

non-traded differentiated good solve the producer’s profit maximization problem;

3. taking aggregate prices as given, the demand allocations and the price of each

traded differentiated good solve the producer’s profit maximization problem:;

4. the world bond market clears.

3.1 Sticky Price Equilibrium

The equilibrium dynamics under sticky prices are characterized by the optimality con-
ditions derived in section 2. Here, we present a log-linearized version of the model.
We define 7; = InZ as the log deviation of the equilibrium variable z; under sticky
prices from its steady state value. 7,/'*” = In x{% represents the log deviation of the
equilibrium variable x; under flexible prices from its steady state value. Under the as-
sumption of flexible prices, producers can re-optimize every period so that their pricing
decisions are synchronized. As a result the price dispersion among the differentiated
goods is zero. Therefore, the price index in each sector is equal to the price set by each
producer in this sector, and the main source of domestic distortion is eliminated. We

flez a5 the deviation of the variable 7; from its natural level, i.e.,

will refer to z; — 73
the gap. At the same time, Benigno and Woodford (2005) and De Paoli (2006) demon-
strate that under certain conditions, the flexible price equilibrium does not represent
the most efficient allocation of resources, and the desired levels of variables which the
policymaker wishes to achieve in order to eliminate the loss may differ from the flexible
price allocation. Specifically, in the presence of mark-up and fiscal shocks as well as
the condition pf # 1, the flexible price allocation diverges from the desired targets.
Therefore, in general, the optimal policy aims to stabilize of the variables relative to
their target level. Thus, we define the welfare relevant gap as &, — 2, , where ;" is
the target level of the variable z;. Both the flexible price equilibrium and the target

variables are functions of shocks that affect the economy.
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Moreover, we define the price change in the traded sector as [1g = % and that

in the non-traded sector as —Ily = %; consequently, the producer price inflation

rates in the traded and non-traded sectors are 7 ; = In < Pre > andmy; =In <M> ,

Pri1 Py
respectively. We approximate the model around the steady state, in which producer
prices do not change, i.e., [y = Pi’ifl =1 and [Iy = Pij\i: =1 at all times. A more

detailed description of the steady state is presented in the Appendix.

3.1.1 Log-Linearization of the Optimality Conditions

We log-linearize the equilibrium conditions (4), (6)—(10), and (12) and obtain the
following set of log-linear equations describing the dynamics of the multisectoral small

open economy:

THt = ki (U?H,t + P(/jt + (1 — U)ﬁFH,t + 'VﬁNT,t + gy — nA\H,t> + BE T H 441,

(13)
TNt = kn (n?N,t + Pét - (1 - ’Y)ﬁNT,t + //lN,t - 77121\N,t> + 5Et7TN,t+17 (14)

?H,t =—[0+ (0 — w)U]ISHT,t + wvﬁNT’t +0C, + w(l — U)E]B% + (1 - U)é\: + Gu+,
(15)
S;N,t =C, — w(l — V)ﬁNT,t + gt (16)

~ ]_/\ ~
Ct - —ERt —|— C:, (17)
p
ﬁt = UﬁFH,t - ’YﬁNT,t + ’Y*ﬁ;\}T,ta (18)
AﬁNT,t =Nt —Tae— (1 — U)AﬁFH,t- (19)
Moreover, from the price index relation (1a) we note that:

ﬁHT,t = —(1 — U)ﬁFH,t' (19&)

The Phillips curve relations in the two sectors are presented by equations (13) and (14),

where k; = —(1*;;(@&;)%)

flation rates to variations in real marginal costs. The characterization of real marginal

is the constant that measures the response of the sectoral in-

costs in the open economy setting differs from that of the closed economy due to the
gap between production and consumption as well as to the impact of relative prices,
which reflect the distinction between domestic and consumer prices. An improvement
in the terms of trade (a decrease in Pry ) or a positive productivity shock results in a

fall in marginal costs in the traded sector. The marginal costs in the non-traded sector
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are independent of direct changes in the terms of trade. However, the sectoral marginal
costs are linked through the relative prices of non-traded goods. This impact is opposite
in sign and symmetric in magnitude. Producers’ pricing decisions are forward-looking
due to price stickiness. As a result, the Phillips curve takes the expectation-augmented
form. Equations (15) and (16) describe the aggregate demand for domestic goods in
the two sectors. We consider @* as a term that cannot be affected by dynamics in the
home country. This variable is exogenous from the small open economy perspective.
Relation (17) is the log-linearized optimal risk-sharing condition. It describes varia-
tions in domestic consumption depending on fluctuations in the real exchange rate and
consumption abroad. Equation (18), which is derived from (12), summarizes the deter-
minants of the real exchange rate. Again, the relative price of non-traded goods in the
foreign country is treated as exogenous. This equation illustrates the implication of the
multisectoral economic structure. In particular, changes in the terms of trade do not
necessarily imply a corresponding adjustment of the exchange rate, due to the impact
of the relative prices of non-traded goods at home and abroad. Finally, expression (19),
which is in fact an identity, is obtained from the definitions of non-traded and traded
goods inflation and describes the evolution of the price indexes for both sectors. The

equation that characterizes traded goods inflation is presented in the next sub-section.

3.1.2 Domestic Inflation, CPI Inflation, and Some Aggregation Results

In this sub-section, we present several useful definitions and identities, which will be

used in the subsequent analysis. Log-linearization of price indexes (1) and (1a) yields :

P, = ”}’ﬁN,t + (1 - ’)’)ﬁT,t (20)
Pry=vPyy+ (1 —v)Pp,. (21)
Applying the definition of inflation 7; = In ( Pfﬁ 1) = lﬁt — ﬁt,l, we obtain the expres-

sions for CPI inflation and traded inflation:

Ty = YTN¢ + (1 — ”}/)7TT¢ (22)
Ty =gt + (1 — 0)7Tpy. (23)
Moreover, the definition of the terms of trade implies that 7p; = AIBFHJ + Thy.

The combination of the equations presented above results in the following relationship

between CPI and domestic inflation:
m=m) +(1—7)(1- U)AﬁFth, (24)
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where domestic inflation equals:
P =gy + (1 — )Ty (25)

Total output is given by:
PY, = Py+Ynt + PatYny. (26)

Log-linearization of equation (26) yields:
Vi =Yg+ (1 =)V — (1= 7)1 —v)Pray. (26a)

This relation implies that in an open multi-sectoral economy, aggregate output is not
only the weighted average of the sectoral outputs, but also a function of relative prices.
Moreover, the evolution of the nominal exchange rate is derived from the definition

of the real exchange rate and takes the form:
E-Et - ﬁt—l = §t - §t_1 + 7T: — T¢, (27)

where S, is the nominal exchange rate, and 7} is CPI inflation for the foreign country.
We assume that the monetary authority abroad is implementing an inflation-targeting
policy, and thus, 77 = 0. Such an assumption is common in the small open economy
literature (Gali and Monacelli, 2005).

4 The Monetary Policy Problem and Welfare

This section will present the formulation of the monetary policy strategy and an analy-
sis of the competing objectives of the central bank. We will see that the model spec-
ification implies deviations of the optimal monetary policy from complete price sta-
bilization. Specifically, we present a formal welfare analysis and derive the objective
function of the central bank based on a second-order approximation of both the house-
hold’s utility and the structural equilibrium conditions (13)—(19). Optimal monetary
strategy involves the maximization of the quadratic social welfare function (a mini-
mization of the loss function) subject to linear constraints. Monetary policy is able
to achieve the best outcome from the welfare perspective by implementing the opti-
mal plan. In this analysis, we focus on optimal targeting rules, which are strongly

advocated by Svensson and Woodford.
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4.1 The Objective Function of the Central Bank for an Open

Economy with Multiple Domestic Sectors

In order to obtain the analytical expression for welfare in a purely quadratic form, we
apply the linear-quadratic solution methods described in Woodford (2003) and Benigno
and Woodford (2005). This approach is based on the idea presented in Sutherland
(2002) to explore the dynamic characteristics of the model and thus to account for the
impact of the second moments of the variables on their levels. The derivation of the
objective function of the central bank is presented in the Mathematical Appendix. We
show that the utility function of the representative household can be approximated by

the following expression:

Wi, = UcCEy, Y B (28)
t=tg
Cy — (fin) "V Yy — (i) (1 — 7)Y, + 31— p)C?
(@) A+ YR, = L) T =) (A +n)YE,
+(Tin) AN Y + () M1 = V)0 Am Vi,
— Vg e — 3(1 = V)=, + i+ ([[€])

Bk

We eliminate the linear terms in the objective function by using a second-order ap-
proximation of the equilibrium structural equations (13-19). As a result, we obtain an

objective function that is purely quadratic. The expression takes the following form:

L, = UcCEy, Y B7"x (29)
t=to
-~ ~ ~ ~ — —T
Wy Yy = YE )2+ Wy, (Y — Y52 4+ sWer(ER, — ER, )?
+3Wegr (Pare = (Phre)® + Wyyy Yne = Y)Y — Vi) +ti.p,
— —T o~ -~
+Wer pyr (ER: — ER, )(Pyry — Pipy) + Way (v e)? + Wy (Th )

where ?f{ » }Afg b EEtT, and ﬁg}m are welfare-relevant target variables, which are func-
tions of stochastic shocks and, in general, may not be identical to the flexible price
allocations.

Equation (29) implies that the social welfare of the two-sector, small open economy
is affected by deviations in the sectoral inflation rates, output gaps, and relative prices
from their target values.

In fact, the objective function reflects the impact of various economic distortions

on social welfare and illustrates their relative contributions to the loss. First of all,
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price rigidities and monopolistic distortions in both sectors, which may not be fully
offset by production subsidies, result in economic inefficiencies and introduce a role for
inflation and output gap stabilization. The cross-output variable (?N,t - ?ﬁ t)(?H,t -
}Afg ;) describes the impact of co-movement in the sectoral output gaps on social welfare.
When the weight in the objective function associated with the interaction term is
positive, the sectoral asymmetries might be welfare improving. When this weight is
negative, a co-movement of the sectoral outputs reduces welfare losses. In general, the
weights next to each of the quadratic terms are represented by complicated functions
of the structural parameters of the model (details are presented in the Appendix).

Furthermore, when price rigidities are present in both sectors and domestic shocks
are imperfectly correlated, price changes are not synchronized following a shock. This
results in inefficient output dispersion between sectors and introduces a role for relative
prices into the monetary policy design problem. In this case, not only do the levels
of inflation in both sectors matter for welfare, but so does the deviation of the rela-
tive price from its target level. The open economy formulation brings an additional,
cross-country, dimension into the problem described above. Specifically, nominal rigidi-
ties may prevent prices in both countries from adjusting efficiently after exchange rate
movements. In other words, the so-called relative price channel can fail to function ac-
curately; this may result in welfare gains from exchange rate stabilization. On the other
hand, in an open economy the policymaker can manipulate the terms of trade in order to
increase expected consumption and decrease the expected disutility of production, i.e.,
to improve welfare. Those incentives are called the terms of trade externality and were
analyzed by Benigno and Benigno (2006). Therefore, the weight next to the exchange
rate term in the loss function balances the stability objective determined by the eco-
nomic distortions (nominal rigidities) with the incentive of creating additional volatility
in excess of the fundamental shocks. The cross factor (E?it — ﬁ?)(ﬁ]\mt — ]3§T7t) rep-
resents another "international dimension" term, which appears due to the fact that
the relative price of non-traded to traded goods partially drives the evolution of the
real exchange rate. This term, therefore, describes the additional welfare effects that
originate from the correlation between the two relative prices.

Equation (29) indicates that the loss function derived for our model specification is
not identical to the one of the closed economy or to the loss function obtained under
the assumption p = § = w = 1. The general welfare representation, however, embodies
these two special cases, which coincide in terms of policy objectives and imply that
Wy,vy =0 and Wgr = Wpy,, = Wgrpy, = 0.

The presence of open economy terms is not the only implication of the exposure to

external factors that can be observed in the objective function. The relative weights
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on the sectoral inflation rates and output gaps are not only affected by the structural
asymmetries, like in the case of the closed economy, but also display the incentives that
arise under openness to trade of one of the domestic sectors. Specifically, in an open
economy, the weights in the objective function imply relatively higher stabilization of
the non-traded sector compared to the traded sector variables. Figures 1 and 2 present
the weights on inflation rates and output gaps as functions of the non-traded sector
size derived for the closed and open economies, respectively. The weights are computed

under the baseline parameterization.

Figure 1: Sector-Specific Weights for the Closed Economy Model
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Two important results can be highlighted when analyzing Figures 1 and 2. First,
these graphs indicate that both sectors are more volatile under the optimal policy
when the economy is open (the weights are lower for all values of 7). Secondly, the
decomposition of weights between sectors changes depending on whether the economy
is subject to external factors. In particular, Figure 1 indicates that the weights derived
for the closed economy model are symmetric and determined mainly by the parameter
. The equal size of both sectors (v = 0.5) implies their equal contribution to the loss
function. In contrast, Figure 2 demonstrates that in the open economy, the stabilization
"bias" is shifted toward the non-traded sector. In other words, the sector that is

open to trade is allowed to adjust more at the optimum compared to the sector that
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produces goods only for internal consumption. Such a result is driven by incentives to
explore the terms of trade externality in a welfare-improving manner combined with the
monopolistic competition in the traded goods sector in countries H and F (measured by
the parameter #). Specifically, domestic households can benefit from volatility in the
traded sector by varying the consumption and output of home goods. The possibility to
substitute for foreign goods in the consumption basket enables households to "divert"
a part of production abroad and thus to lower the costs of the home-goods inflation and
reduce the economic inefficiencies. Therefore, the terms of trade externality influences
the weights of both the relative price terms and the domestic variables in the loss
function. This effect is increasing in the elasticity of substitution between home and

foreign traded goods 6.

4.2 The Optimal Monetary Policy Rules

In order to obtain the optimal targeting policy rules, we minimize the objective function
(29) subject to the set of constraints, which are given by:

Te = kg (Ve — Yir,) + ;(ERt — ER,) + g(PNT,t — Pir,) + ul! } + BE T 41,

(30)
- R I R R

e =k 1Yy — Yy,) + (ER; — ER, ) — (1 = 7)(Pyry — Pypy) + Uiv] + BEYTN 141,

(31)

o oT I+1 = =57 (+D)+0*(pw—1)] 5 BT H
Fie— V40 = L ER - ER)) ++ (Purs — B 4.
pu pu

(32)

(Yne —Yya) = ;(ERt — ER;) — w(1 =) (Pyry — Pyry) + X1, (33)

— —T ~ ~
(1-v)A(ER, — ER,) = v(mny — may) — (0 +v(1 — 0)A(Pyre — Pipy) + 20, (34)

where | = (pf — 1)(1 — v)(1 + v), and the terms ul, ul¥, Y N, & are functions of
exogenous shocks and arise when the target levels of variables and flexible price allo-
cations diverge. The conditions (30)—(34) are obtained by combining the log-linearized
equilibrium conditions (13)—(19) and expressing the relations in terms of gap variables.
We assume that the central bank can commit to the policy that maximizes welfare
and consider the timeless perspective approach described in Woodford (2003). The
timeless perspective optimal policy assigns the particular value to the commitment to

expectations prior to period 0. The constraints on the initial conditions result in the
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time-invariant first-order conditions and thus optimal policy. Therefore, the time incon-
sistency problem is eliminated. Following such a strategy, the policymaker chooses the
path for endogenous variables mp ., Ty, }//\'H7t, ?Nm E]\%t, ]3NT¢ subject to constraints
(30)—(34) and given the initial conditions on mg,, 7o, }A/HO, ?No, The Lagrange mul-
tipliers associated with the set of constraints are A\;; — As; respectively. In addition
before the optimization, we divided equation (30) by kpy, equation (31) by ky, and
equation (34) by v. The first-order conditions to the problem are given by:

Wenkamme = My — Aig—1 + A5k, (35)

WwN k?N7TN,t = >\2,t - )\2,15—1 - >\5,tkN, (36)

Wy, (?Ht - ?Et) + WYNYH(?N,t - 57]%}) = A3t — N1t (37)

Wy, (?N,t — ?]at) + WYNYH(?H,t — ?gt) = At — NAay, (38)

Wer(ER: — ER, ) + Winpyr(Prrs - Pir) = (39)

—%)\u — Aoyt — (t+1) A3t — %)\4,15 + ! ; U()\S,t — BAst41)

Weye (Pars — Phpy) + Wir pyr (ER, — BR,) = —%)\u + (1= 7)Ao— (40)

I+ 103 (pw = 1))

1—v)y
Mg+ w(l —7)Aas + (1 + u) (A5 — BAs 1)
pv v
Combining equations (35)—(40), we can eliminate the Lagrange multipliers and express

the optimal policy rule in the following general form:
A'AX, + A'AX, 4+ A2AX, =0, (41)

where A%, A, A% are the matrices of parameters, AX; = X;—X;_1, and X, = )A(t—)A(tT,
ie., )'Et denotes the vector of the endogenous variables (7, Ty +, ?H,ty ?Nm E’T%t, ]3NT¢)
in deviations from their target values. Therefore, the optimal policy rule is represented
by a fairly complicated expression that prescribes the response to deviations in the
sectoral inflation rates and output gaps as well as to fluctuations in relative prices.
The reaction function (41) includes both backward and forward-looking endogenous
variables. The matrices of the parameters A, which describe the optimal magnitude
of the response, depend on the optimal weights and the structural parameters of the
model.

For comparison, the optimal policy rule derived with the use of the similar method-
ology for the one-sector, open economy model takes the general form: AOA)Z} = 0.

Therefore, the multi-sectoral model specification brings in more complex dynamics of
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variables under the optimal policy. Specifically, rule (41) is more persistent, i.e., it
prescribes the response to the first and the second lag of the endogenous variables.
Moreover, the rule contains forward-looking components since A? # 0. The character-
istics of the policy rule mentioned above are determined by the persistent structure of
one of the model equations (34), which describes the evolution of the sector-specific

inflation rates and the two types of relative prices.

4.2.1 Policy Trade-Offs

The welfare function (29) indicates that the monetary authority is confronted with sev-
eral policy objectives. In particular, the central bank has to control the sector-specific
inflation rates and output gaps, as well as relative prices. In order to study the optimal
plan, it is important to investigate whether the policy goals can be simultaneously at-
tained or the central bank has to decide how to balance them appropriately. Where the
objectives do not conflict with each other, the central bank can achieve the first best
allocation and completely eliminate the loss. In this section, we describe the policy
trade-offs that arise in a generalized model of a two-sector, small open economy.

We analyze the combination of equations (18) and (19) expressed in terms of the

welfare-relevant gap variables:
— —T ~ ~
(1—v)A(ER, — ER, ) =v(nns —mms) — (V+7(1 — 0)A(Pyrs — P§T7t) + e (42)

The gaps depend on the target levels of the variables, which in turn are functions of
the shocks and parameters and vary over time. Equation (42) indicates that it is not
possible to stabilize inflation rates in each sector and to eliminate the gaps between
relative prices and their target values at the same time. In fact, relative prices act as
endogenous shocks that do not allow the same policy to attain zero inflation in both
sectors. For example, under a productivity shock in the non-traded goods sector (Figure
4), the optimal policy implies depreciation of the nominal exchange rate. Complete
stability of non-traded inflation would require an even larger increase in the exchange
rate. This, however, would result in a further worsening of the terms of trade and a
greater rise in home-goods inflation. A similar trade-off exists under fiscal and mark-up
shocks. Moreover, the impulse-responses indicate that the magnitude of the response
differs across sector-specific variables. The different sensitivity of the domestic sectors
to shocks is determined not only by structural asymmetries such as sector size, elasticity
of substitution, and the level of nominal rigidities, but also by the openness to trade
of one of the domestic sectors. Therefore, the optimal policy cannot comply with all

the sector-specific stabilization objectives simultaneously. Woodford (2003) illustrates
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that a corresponding trade-off also exists in the closed economy model (v=1) if the
target rate of the relative price (the natural rate) is not constant.

Furthermore, we address the question of whether complete stability of the aggregate
variables is attainable under the given economic structure. We present the Phillips
curve relations in terms of gap variables and use the definition of domestic inflation.
Moreover, in this analysis we assume for simplicity that the target variables and flexible
price allocations coincide and the degree of nominal rigidities is equal across sectors.
We combine the constraints (30)—(33) and apply the definition of domestic inflation

(25). As a result, the following relationship arises:

-+ p) (¥(Vova = VL5%) + (1= ) (Vi = V) -
——flex

"DER, — ER, ) — A(Pyr, — P

v v

+ BEtﬂ-tD-s-l: (43)

L~

where | = (pf — 1)(1 —v)(1 +v) , I = [ — (pw — 1)(1 — v)v , and the flexible price
allocations of the variables are functions of the exogenous shocks A Hits A Nits ﬁ]QT,t, Cy.
Moreover, we make use of equation (26a) and provide the alternative domestic Phillips
curve relation in order to analyze the impact of the aggregate output gap instead of

the differentiation between the sectoral variables:

(4 p) (% = T/) + (1= 9) (1 = 0)(Praa — PiT)) ~
——flex

(I*V)Z(ﬁt —ER, ) — @ff(ﬁj\mt - ﬁj{/l:ﬁmt)

v

P =k + BEmZ .

(44)
We present two special cases of our more general analysis in order to describe the role
of relative prices in generating the policy trade-offs. First, we consider a two-sector,
closed-economy setting, i.e., v = 1, > 0. In such a situation [ = [=0. Equations (43)
and (44) illustrate that the sectoral Phillips curves reduce to the classical aggregate
relation, which, at the same time, describes the dynamics for the one-sector, closed
economy. Therefore, there is no conflict between inflation and output gap stabilization,
and optimal monetary policy is able to implement the first best, i.e., flexible price
allocation. This result has been shown by Woodford (2003).

Secondly, we assume the special case of unitary elasticity of substitution and a
unitary coefficient of relative risk aversion, i.e., the balanced trade model specification
as in Liu and Pappa (2005). Again, we have | = 1 =0. Thus, the exchange rate
and relative prices vanish from the Phillips curve relations (43) and (44). Moreover,
the assumption p = 6§ = w = 1 implies that the exchange rate does not characterize
a welfare-relevant policy objective. In this situation, the terms of trade act as an

endogenous "cost-push shock," which generates tension between domestic inflation and
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the output gap. In fact, such a trade-off can be generated in closed economy models
in the presence of mark-up shocks or adjustment costs (Benigno and Woodford, 2005;
Erceg and Levin, 2006).

Finally, we consider our two-sector model under general preferences. The Phillips
curve (43) illustrates that the stabilization of domestic inflation and outputs in both
sectors does not involve equivalent policies due to the presence of relative prices. More-
over, equation (44) indicates that there is tension between domestic inflation and ex-
change rate stability in addition to the trade-off between domestic inflation and the
aggregate output gap variability. Therefore, unless preferences are specified in the gen-
eral form, the conflict between managing domestic inflation and the real exchange rate
ceases to exist.

The fairly complex economic structure and general model specification determine
the non-trivial task facing policymakers, i.e., the search for the second-best optimal
policy given that the flexible price efficient allocation of resources cannot be replicated.
The optimal reaction function (41), in fact, represents such a second-best solution.
A similar result is obtained in the one-sector, open-economy model analyzed by De
Paoli (2006). In our case, however, the definition of the real exchange rate implies a
distinction between the two types of relative prices and enables us to characterize the
dynamics and impact of each variable separately. Moreover, the multiple sectors imply
an additional policy challenge, i.e., the proper management of the "between-sector"

terms.

5 Impulse-Response Functions

In this section we examine the impulse-responses of key macroeconomic variables to ex-
ogenous shocks. Specifically, we compare the numerical results under the optimal plan
with the outcomes achieved under the basic simple rules common in the literature,
such as domestic inflation targeting (DIT), consumer price index inflation targeting
(CPIT), and an exchange rate peg (PEG). We consider four types of shocks, i.e., pro-
ductivity, foreign, fiscal, and mark-up shocks. For the numerical exercise we assume
the coefficient of relative risk aversion p = 3 and the elasticity of substitution between
differentiated goods o = 10 as in Benigno and Benigno (2006). Following Rotenberg
and Woodford (1997) we set 8 = 0.99 and n = 0.47. The elasticity of substitution
between traded home and foreign goods 6 is assumed to be equal to 1.5 and the pa-
rameter that measures the substitution between non-traded and traded goods w is set

to 0.5. The level of price rigidities @ = 0.66, implying that the average length of price
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contracts is equal to 3 quarters. These assumptions are common in the open economy
literature. In our benchmark specification we consider an equal level of price rigidities
across sectors. Moreover, the share of non-traded goods in the consumption basket v is
set to 0.5. The corresponding parameter for the foreign country v* = 0.6. The degree
of openness v = 0.6, implying a 40% import share. Finally, the steady state mark-up
in the traded sector 7i; is set to the value 1/v as in Liu and Pappa (2005) and De Paoli
(2006) in order to guarantee the optimal subsidy policy. In addition, the equal size of
both domestic sectors implies that fi;; = 5. In this paper we assume that shocks are
uncorrelated and have equal variance ¢ = 0.0001. Shocks follow AR(1) process with
autoregressive parameter equal to 0.7.

Figure 3 represents the impulse-responses to a positive 1% productivity shock in
the traded sector, EH All regimes (except PEG) imply a reaction of the monetary
authority that induces a depreciation of the nominal exchange rate. Such dynamics,
together with a fall in the price of home goods, worsen the terms of trade and thus
result in a real depreciation. The increase in the exchange rate is the largest under
DIT, because in this case the central bank stabilizes inflation more aggressively. In
fact, higher home-goods inflation stability is traded for some additional exchange rate
volatility. CPI inflation rises under DIT and the optimal plan. Here two effects are
at work: the impact of the nominal exchange rate and the adjustment of the sectoral
inflation rates after the productivity shock. Specifically, the increase in the exchange
rate and prices in the non-traded sector dominate the fall in home-goods inflation, and
the overall impact on CPI inflation is positive. Under PEG, the nominal exchange rate
is stable and the effect of the productivity shock on CPI inflation is determined by the
fall in inflation in the home-goods sector.

Domestic output increases due to the real exchange rate depreciation. Domestic
goods become relatively cheaper than foreign goods. However, the increase in output
is not large enough to boost production above its target level and the total impact on
the output gap is negative. The expenditure switching effect is the most pronounced
under the DIT regime, which implies no control over the exchange rate and thus allows
for greater real depreciation. As a result, the output response is the largest. On the
contrary, under PEG and CPIT the expenditure switching effect is minimized and the
output gap falls by more compared to the other regimes.

The negative response of home-goods inflation under all the regimes is determined
by the direct impact of the productivity shock, which lowers the marginal costs in
this sector. However, the marginal costs in the non-tradable sector increase. Non-
traded output increases and the relative price of non-traded to traded goods ﬁNT falls

under DIT and the optimal plan, due to nominal depreciation. As a result, non-traded
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inflation rises.

Figure 4 presents the impulse-response to a productivity shock in the non-traded
sector, EN. The dynamics of the variables can be described in a similar fashion.
The shock lowers the marginal costs in the non-traded sector and inflation in this
sector falls. As in the previous case, the reaction of the monetary authority causes
depreciation of the nominal exchange rate. Both the fall in the price of non-traded
goods and the nominal depreciation, which worsens the terms of trade, result in real
depreciation. Inflation in the home-goods sector rises due to the increase in the terms
of trade. It is important to note that non-traded inflation is stabilized to a greater
extent under the optimal plan compared to the alternative simple rules. The reason
for such a policy reaction is that the optimal welfare function assigns the greatest
weight to stabilization of non-traded inflation. At the same time, the productivity
shock XN directly affects the price change in this sector and, hence, induces greater
dynamics of this variable. In order to prevent large swings in non-traded inflation,
the central bank allows greater adjustments in relative prices and output. In addition,
the response of relative prices (ﬁNT and EE) is almost two times stronger than the
responses of these variables following the productivity shock Ap. Again, the reason is
that instability of non-traded inflation has larger negative welfare consequences than
changes in home-goods inflation.

The output reaction is positive in both sectors due to the large expenditure switch-
ing effect under DIT and the optimal plan. Unlike the negative response of the output
gap following the productivity shock in the home-goods sector, the EN shock results
in an increase of output above its target level due to the more expansionary policy.

Figure 5 presents the responses of domestic variables to the innovation in foreign
consumption, C*. We can observe that the DIT regime is very similar to the optimal
plan in terms of the direction and magnitude of the response. The foreign consumption
shock raises domestic consumption through the risk-sharing condition. This, in turn,
may induce an increase in domestic output. At the same time, the nominal and real
exchange rates appreciate and the terms of trade fall. Domestic goods become relatively
less competitive and demand shifts to foreign goods. The net effect on home output is
negative under DIT and the optimal plan. CPI inflation falls due to the exchange rate
appreciation. At the same time the sectoral inflation rates show just a slight response
to the shock. The impact of the shock on the macro-variables is qualitatively different
under the CPIT and PEG regimes. Specifically, the monetary authority stabilizes
relative prices and the real appreciation is small. The expenditure switching effect is
dominated by the positive impact of the shock on domestic consumption and demand.

As a result, the outputs in both sectors as well as the output gap show a significant

27



increase. Such a boost in production increases marginal costs, and inflation in both
sectors rises.

Figure 6 presents the impulse-responses to a shock to foreign relative prices, ]3j(,T.
An increase in the relative price of non-traded to traded goods abroad could be caused
by a decrease in the price of foreign goods P; following the productivity shock in
sector F*. Again, the DIT regime almost perfectly replicates the optimal response.
The reaction of the central bank results in a small nominal depreciation. The change
in relative prices, however, is significant. The terms of trade fall sharply due to a
decrease in the domestic currency price of foreign goods. The relative price of non-
traded to traded goods increases. Domestic households substitute for cheaper goods
in the consumption basket and demand in the home-goods production sector falls.
Non-traded output remains almost unaffected due to the low elasticity of substitution
between goods N and H. CPI inflation falls following the decrease of the terms of
trade, whereas the responses of the sectoral inflation rates are quantitatively small.

The policy reaction following the ﬁj\}T shock displays a sharp contrast between the
responses under the CPIT and PEG regimes, whereas under the other types of shocks
these two regimes induce very similar changes in economic activity. Specifically, under
the CPIT regime the central bank prevents large movements in the terms of trade
at the expense of additional domestic inflation volatility. The policy implies a large
nominal depreciation so as to mitigate the negative impact of foreign prices on the
terms of trade. The nominal depreciation under the stabilized CPI inflation results
in real depreciation. This, in turn, increases domestic production and inflation in
both sectors. On the contrary, the PEG regime induces a policy that is closer to the
optimal plan and DIT. Where foreign and home goods are substitutes, the optimal
response implies a greater nominal exchange rate stabilization in order to improve the
terms of trade and divert production abroad by switching to consumption of foreign
goods. Such a policy is welfare improving because it enables one to take advantage of
the foreign productivity shock by reducing domestic marginal costs and the inefficient
output dispersion associated with price rigidities.

Figure 7 shows the impulse responses to a mark-up shock in the home-goods sector,
ii. The optimal policy diverges from complete domestic inflation stabilization and
the other alternative simple rules. The positive shock leads to a rise in home-goods
inflation, which returns to its initial level after several periods of deflation, and a
temporary fall in the output gap. The extent to which the shock affects output versus
inflation depends on the weight that the central bank places on output gap variability.
Specifically, the optimal policy, unlike the alternative simple rules, implies a certain

degree of output gap stability. Therefore, inflation is allowed to increase more and
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the output gap to fall less under the optimal plan. The response of the monetary
authority to a mark-up shock implies fall in the nominal interest rate, depreciation of
the exchange rate, an increase in the terms of trade, and a fall in the relative price of
non-traded to traded goods. Outputs in both domestic sectors and consumption rise
in response to a shock. The output gap, however, falls due to the fall in home-goods
output below its target value.

The responses to a mark-up shock in the non-traded sector, iy, are presented in
figure 8. Again, the central bank has to balance conflicting policy objectives — to absorb
the upward pressure on inflation in the non-traded sector by a fall in the output gap.
The exchange rate appreciates and consumption and output decrease under the optimal
plan. The DIT regime implies a greater economic contraction and thus the largest fall
in output and consumption. CPIT and PEG represent strongly suboptimal regimes
because they induce excessive stabilization of relative prices and a higher response of
non-traded inflation.

The comparative analysis of impulse-responses under the 7i;; and ji, shocks suggests
that the optimal policy reacts more aggressively under the disturbance to a non-traded
mark-up. Such a response reflects the decomposition of weights in the welfare objective
function, which assigns higher weights to the non-traded sector variables. The optimal
policy implies more persistent economic contraction under the 7i, shock. The output
gaps in both sectors and consumption fall and moderate the upward pressure on non-
traded inflation, the variable which induces the largest welfare losses. As a result, the
allowed non-traded inflation volatility following the 7i, shock is more than two times
smaller than the response of home-goods inflation after the 7i; shock. In addition,
the decrease in the output gap in the home-goods sector absorbs the major part of
the positive upward pressure on inflation. In other words, the aggregate output gap
changes to a greater extent due to the adjustment of the traded sector output gap,
which is allowed to be more volatile under the optimal plan.

Figures 9 and 10 illustrate the responses to fiscal shocks in the traded and non-
traded sectors, respectively. Again, the optimal policy differs significantly from the
simple policy rules. The rise in government spending gy increases home-goods output.
The central bank, which aims at domestic inflation stabilization, offsets the upward
pressure on home-goods inflation by a corresponding decrease in non-traded inflation.
The response induces an initial appreciation of the exchange rate, a fall in the terms
of trade, and a rise in the relative price of non-traded to traded goods. As a result,
consumption and non-traded output decrease. The optimal plan, on the contrary,
implies an expansionary policy. The exchange rate depreciates, implying an additional

stimulus to output in both domestic sectors. Such a policy prevents the initial drop in
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consumption. The CPI and PEG regimes imply greater stability of relative prices. A
slight fall in the terms of trade turns out to be sufficient for consumer price stabilization.

The government spending shock gy increases non-traded output and creates upward
pressure on non-traded inflation. Therefore, unlike in the previous case, the optimal
policy implies the economic contraction. The response of the central bank is the most
aggressive compared to the alternative policy rules. The nominal exchange rate sharply
appreciates and output in the traded sector and consumption decrease. The relative
price of non-traded to traded goods increases because non-traded goods become rela-
tively scarce and import prices fall. As a result, greater non-traded inflation stability
is achieved at the expense of additional volatility of inflation and output in the traded

sector, as well as a larger adjustment of relative prices.

The analysis of the numerical results suggests that the type of shock and the eco-
nomic structure are important determinants of the comparative performance of optimal
versus simple policy rules. Specifically, the responses under the optimal policy differ the
most from the simple rules under fiscal and mark-up shocks. On the contrary, the DIT
regime better approximates the optimal plan under foreign and productivity shocks.
In addition, the optimal and PEG regimes come closer under a foreign relative price
shock. Shocks of the same type but affecting different domestic sectors may induce
qualitatively distinct economic responses. This happens due to the different sensitivity
of welfare-relevant economic variables to sector-specific shocks and greater stabilization
of the non-traded sector under the optimal policy. In particular, the optimal policy is
expansionary with respect to fiscal and mark-up shocks in the traded sector, whereas
identical shocks in the non-traded sector call for an economic contraction.

The DIT regime induces a more expansionary policy under a traded-sector pro-
ductivity shock, whereas the policy is less active following foreign shocks. Fiscal and
mark-up disturbances result in an economic contraction under DIT. Under the CPI
and PEG regimes, the policy is less aggressive in response to domestic productivity

shocks and it becomes more expansionary under foreign shocks.

6 Welfare Implications of the Alternative Simple
Rules

The study of the optimal policy problem presented in the previous sections provides a
useful theoretical foundation for the design of monetary strategy and offers a rigorous

benchmark for comparing the performance of alternative monetary regimes. At the
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same time, the prescriptions of the optimal policy given by expression (41) might be
too difficult for the general public to interpret and too difficult to put into practice.
Therefore, the analysis of the alternative policy rules, which deliver reasonable wel-
fare results and at the same time are simple and transparent, and the optimal rule,
which has normative implications, should interact in a complementary way in order
to provide beneficial economic conclusions. In this section we enhance the analysis of
the optimal policy with a discussion of the alternative simple rules and present their
comparative performance. Specifically, we use Dynare software in order to compute
optimal simple rules (OSRs) of the form: r, = r,_1 + kX + ¢, where X is a vector of
endogenous variables, k is a vector of optimized parameters, and ¢; is a policy shock
with standard deviation set to 0.003.In fact, we compute the parameters of a policy rule
which maximize a linear-quadratic loss function (29) subject to constraints (30-34). As
a result, we are able to analyze the performance of rules with a simple structure but
with optimal coefficients.

We address two important issues. First, we consider several types of alternative
simple rules classified depending on the variables entering the rules and investigate the
extent to which alternative monetary regimes are able to replicate the optimal solution.
Secondly, we explore the implications of the alternative simple rules for macroeconomic
volatility.

The welfare ranking is performed on the basis of the value of the loss, which is com-
puted by taking the unconditional expectations of expression (29), i.e., the second-order
approximation to the utility of the representative consumer, expressed as a fraction of
the steady state consumption. As a result, we present the value of the loss in terms of
the variances/covariances of the sector-specific inflation rates, output gaps, and relative

prices:

Wvaar(XN/Nvt) + WYHUGT<?H¢) + 2Wy vy covar(lN/NﬁN/Hvt)%—
X +WERUQT(ERt> + WPNTUCLT(PNT’t> + 2WER,pNTCOUCLT(ERtPNT¢)+
A Wayvar(my ) + Wayvar(mm,)

B

V=513

N | —

(45)
Table 1 reports the welfare losses associated with various types of OSRs. Specifically,
we consider simple rules which include domestic variables and rules that prescribe the
response to both closed and opened economy terms. In addition, we would like to evalu-
ate the benefits of targeting sector-specific inflation rates and outputs versus aggregate
variables. This issue is practically important since central banks do not usually differ-
entiate their policy response depending on the economic sector and consider aggregate

variables, due to the problem of policy implementation and a lack of information.
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Table 1 indicates that the welfare losses under the OSRs that target domestic infla-
tion are on average 10-20% larger compared to the optimal rule. The losses associated
with CPI inflation targeting are significantly larger. The DIT regime performs worse
compared to the results obtained in the previous literature. In particular, in the special
case of the open economy model presented in Gali and Monacelli (2005) and the frame-
work with ad-hoc welfare objectives as in Soto (2004), the DIT regime represents or
nearly replicates the first-best. In our case, however, the ranking of alternative regimes
suggests that strict inflation targeting is suboptimal compared to policies that account
for other policy objectives. Specifically, the DIT strategy is dominated by the rules that
prescribe the response to past interest rate and deviations in the output gap. Moreover,
the rules that account for sector-specific variations in outputs perform better compared
to the case of targeting the aggregate variable. At the same time, augmenting the rule
that responds to domestic inflation and total output with the exchange rate term al-
lows one to achieve a welfare result that is close to the case of targeting the traded and
non-traded output gaps separately. Stabilization of the appropriately weighted average
of the sectoral inflation rates (rule 10) produces better results than DIT. The welfare
improvement constitutes around 10%. Rule 11 indicates that even better result (in
terms of welfare) can be achieved by targeting a combination of non-tradable inflation
rate and the exchange rate changes. Furthermore, sector-specific inflation targeting
is dominated by the strategies that incorporate the output and exchange rate policy
objectives. The CPI and PEG regimes represent the least attractive alternatives to the
optimal rule from the welfare viewpoint. The poor performance of strict CPI targeting
can be explained by the excess smoothness of relative prices which this regime entails.
Over-stabilization of the terms of trade prevents prices from adjusting efficiently in
response to shocks and augments the negative impact of nominal rigidities on welfare.
This generates a significant deviation from the optimal policy. In other words, CPI
targeting represents too general policy regime. It aggregates several welfare-relevant
variables (domestic inflation rates and relative prices), prescribing a suboptimal reac-
tion to deviations in these terms. Rule 9, which allows a differentiated response to CPI
inflation and exchange rate changes, outperforms strict CPI targeting.

The values of the optimized coefficients k1, k2, k3, and k4 displayed in table 1
provide information about the relative magnitude of the policy response to deviations
in key macroeconomic variables. Specifically, the OSRs indicate that the policy should
respond more aggressively to variations in the non-traded sector variables (output and
inflation rates).

The important criterion for evaluating the performance of the simple rules is the

level of macroeconomic stability which they induce. Alternative regimes may gener-
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ate comparable welfare results but, at the same time, imply different volatility of the
macroeconomic variables. This issue becomes particularly important prior to enter-
ing the Eurozone, when the monetary authority has to fulfill specific and sometimes
conflicting stabilization objectives. Table 2 presents the standard deviations of the
key variables under different OSRs relative to the standard deviations implied by the
optimal policy.

Comparing the volatility under the alternative regimes we note that the rules that
strictly target aggregate variables naturally perform the worst in terms of stabilization
of the particular economic sectors. Thus, under the DIT, CPI, and PEG regimes, the
volatility of the sector-specific variables diverges the most from the deviations implied
by the optimal rule. In particular, sectoral inflation rates are 40% over (for home
inflation) or under-stabilized (for non-traded inflation) under the DIT regime. At the
same time, the output gap in the home-goods sector is 16% more volatile relative to
its standard deviation under the optimal policy.

The comparison of DIT and the rule that targets the properly weighted domestic
inflation index (rule 10) suggests that under the latter, the volatility of sector-specific
inflation rates is closer to the optimal values and non-traded inflation is less volatile.
Such an outcome reflects the different magnitude of the policy response with respect
to the sectoral inflation rates expressed by the optimal values of the parameters k1 and
k2. In all cases of strict inflation targeting (rules 1,2,6,7,10) fulfillment of the inflation
objectives comes at the expense of higher than optimal volatility of the output gap,
at sector-specific and /or aggregate levels. The rule that stabilizes the traded and non-
traded output gaps separately (rule 5) allows the standard deviations of the sector-
specific inflation rates to be brought closer to the optimal values and, at the same
time, provides nearly optimal total output gap stabilization. Finally, regimes, which
display the features of an open economy, i.e., prescribes a certain degree of exchange
rate management, perform very well in terms of relative price stabilization but may
imply somewhat higher variation in output and inflation. In particular, for rule 12, an
achieved 6.8% decrease in the standard deviation of the exchange rate results in a 17.6%
increase in the volatility of non-traded output and an 25% increase in the standard
deviation of domestic inflation. At the same time, such an additional macroeconomic
volatility is welfare improving. While responding to a change in the relative prices, the
policymaker can better account for sector-specific features and bring the volatility of
sectoral variables closer to the optimal values (rules 8 and 9; 10 and 12). Rule 11,which
targets the non-traded inflation and the change in the exchange rate, achieves better
results in sectoral output gaps targeting comparing to rule 10, and also delivers close

to optimal stability of aggregate variables, i.e. CPI inflation and total output gap.
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The results of this section demonstrate the tension between the objectives of do-
mestic inflation and real exchange rate stabilization as well as the inflation-output gap
policy trade-off common in the literature. We also numerically assess the welfare ben-
efits of differentiating the policy response depending on economic sectors compared to
stabilizing aggregate variables. Moreover, we show that the welfare results achieved
under the “sector-specific” targeting rules can be replicated by a rules with an ap-
propriate combination of aggregate variables, namely, the total output gap and the
exchange rate change. Responding to the open economy terms may facilitate targeting
the sector-specific variables and contribute to welfare improvements when the central
bank does not have enough information about domestic sectors.

The exercise presented in this section has important practical implications. In par-
ticular, it could provide policymakers with a tool for analyzing the relative importance
of monetary policy objectives and facilitate the design of a strategy aimed at achieving

several competing goals.

7 Conclusions

In this paper we analyzed the stabilization objectives of optimal monetary policy in
a two-sector small open economy model obtained as a limiting case of a two-country
DSGE framework. We assessed the role of general preferences, structural asymmetries,
and multiple relative prices in monetary policy design and welfare evaluation. The
stabilization objectives derived for our model specification and represented by the loss
function display the features of an open economy and reflect a multisectoral economic
structure. Specifically, it is shown that social welfare is affected by deviations in in-
flation rates and output gaps (with sector-specific weights) as well as in relative prices
from their target values. Therefore, the micro-founded welfare objective function dif-
fers from the ad hoc forms widely assumed in the applied literature. The exposure of
one of the domestic sectors to the external environment not only determines the pres-
ence of open economy terms in the loss function, but also affects the decomposition of
weights between domestic variables. In particular, the sector that is open to trade is
allowed to adjust more at the optimum compared to the sector that produces goods for
internal consumption only. Such a result implies a qualitatively different magnitude
of the response to deviations in sector-specific variables compared to the closed econ-
omy setting and determines the asymmetric response of the domestic sectors to various
shocks. We characterized the optimal policy by the optimal targeting rule, which is a

rather complex expression.
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Finally, we experimented with alternative simple rules and analyzed their ability
to replicate the optimal solution. The numerical results suggest that the type of shock
is an important determinant of the comparative performance of optimal versus simple
policy rules. Specifically, the optimal responses differ the most from the simple rules
under fiscal and mark-up shocks. On the contrary, the DIT regime better approximates
the optimal plan under foreign and productivity shocks.

An analysis of the welfare implications of alternative simple rules suggests that
strict targeting of domestic and CPI inflation does not yield the best approximations
for the optimal policy, and social welfare can be improved by accounting for other pol-
icy objectives, namely, the output gap and the exchange rate. We presented a ranking
of alternative simple rules and evaluated the welfare benefits of targeting sector-specific
versus aggregate variables. In addition, we showed that the simple rules which incor-
porate a response to the relative price changes acheive more efficient stabilization of
sector-specific variables. Such a result is important because a strategy which differ-
entiates the response between domestic sectors is difficult to design and implement in
practice. Generally, the simple rules perform quite well in terms of macroeconomic
stabilization (relative to the optimal rule) and can deliver reasonable welfare results.
An analysis of macroeconomic volatility under the simple rules demonstrated that
our model generated an endogenous conflict between the objectives of domestic infla-
tion and real exchange rate stabilization in addition to the inflation-output gap policy
trade-off common in the literature.

The analysis of optimal monetary policy based on micro-foundations which we
employed in this paper enabled us to uncover important effects and incentives that arise
in an open multisectoral economy. We were able to provide a welfare analysis based on
economic fundamentals. Moreover, alternative simple rules were ranked according to a
rigorous (but tractable) welfare measure. At the same time we have to admit that the
model lacks inflation inertia and persistence. This is a common disadvantage of the
New Keynesian class of models, which have to be augmented with a number of frictions
in order to reflect the actual dynamics of inflation and output. Therefore, we restrict
our analysis to rather normative conclusions and admit the limited use of such models
for forecasting purposes. However, we are convinced that the micro-founded and so-
called reduced form approaches should interact in a complementary way in order to
provide the appropriate policy recommendations. In fact, a comparative assessment of
the monetary policy prescriptions derived in more applied studies versus the optimal

reactions based on micro-foundations would be an interesting point for further analysis.
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8 Appendix

8.1 The Steady State

We approximate the model around the steady state, in which Ay = Ay =1, Gy =
Gy =0,7iy > 1, fiy > 1. We assume that producer prices do not change in the steady

state, i.e., Iy = Piiil =1 and Iy = Pi],vtil =1 at all times. The optimal risk-sharing
Uc(CF)

condition implies that FR; = k,. Under the given functional forms, we obtain

Uc(Ct)

— p -p
the condition for the steady state: ER = <g> k,. By choosing k, = <g> we obtain

c c
the steady state real exchange rate equal to unity, i.e., ER = 1. We normalize the price
indexes of traded goods at home and abroad so that Py = Pp, as usually assumed
in the literature, i.e., in the steady state the terms of trade Ppy are equal to unity.
Moreover, from the price index equation (1a) it follows that Py = Pr. We can write
the general price index (1) as: 1 = [ypy “+ (1 —v)ﬁ;’w]ﬁ where py = %, Pr = %.
From this relation we obtain Py = Pp = P. The price index equations and the fact
that ER = 1 imply that in the steady state prices at home and abroad are equalized.

Furthermore, the price setting equations imply the following relationships in the steady

state: —
Uo(C) 22 = V3V ). o
Ue(©) = = FnVy(Tx) 2)

From the aggregate demand equations (7) and (4) (main text) we obtain:
Yy = [(1 —7)vC + (1 — 7*)5*6*] , (3)

The world aggregate resource constraint is given by: Y + Y ' =C+C". Combining
this condition with (3) and (4) we obtain:

C (=)
T a0 ?

This relation demonstrates that even under the complete market assumption, the struc-

tural asymmetries result in a wedge between consumption in the two countries. Finally,

. Q P . (177*)5* -p
ko = (6) = ((m)(lw)') :
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8.2 Second-Order Approximation to the Utility Function and

Equilibrium Conditions

We apply the methodology described in Woodford (2003) and Benigno and Woodford
(2005) in order to obtain the second-order approximation to the utility function of the

form:

Ul = E; {Z BIU(CY) = V(s (5), Asr) = V(ysv (9), Ai,zv)]} : (6)

We assume that preferences have isoelastic functional form and we arrive at the fol-

lowing expression:

Wi = UcCEy, Y B (7)

t=to
Cy — (fin) "V Yy — (i) (1 =) Y, + 3(1 = p)C?
(i) A+ YR, — LEg) A=)+ p)YE,
+(HN)71’77]A\N,t?N,t + (Fig) (1 — 7)77A\H,t?H,t
_%’Y Z W?\/,t - %(1 —7)=5 W%{,r +tap+ <||£3||)

inkn Brkn

where t.i.p. denotes terms that are independent of policy and (HSSH) denotes terms

that are of third order and higher. We can write (7) in a vector-matrix form as:

J— i _ / 1 !/ / 1 ]- -
W,o = UcCE;, Zﬁt to [nggt — Ethma:t — X, 0¢6 — —zﬁHW%’t — §Z7FN7T?V¢} —l—t.z.p—i-(ngs

t=tg 2
(8)

),

where
, ~

Ty = [ Yo }/}N,t @ ﬁHT,t ﬁNT,t E}\%t ];

£ = [ /AlH7t gN,t Bre Hye 9o:  9Ine at* AJT/T,t ] ,
2= CE) - @) 1 00 0],
(Fir) ™' (1 =) (L +1n) 0 0 000
0 (i) (147 0 000
g - 0 0 —(1=p) 000
x = 0 0 0 00 0]
0 0 0 000
_ 0 0 0 00 0|
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where k; = % for L = H, N.

We now derive the second-order approximation to the structural equilibrium con-
ditions. Following Benigno and Woodford (2005), we approximate the optimal price-
setting equation (expression (10) in the main text) for both domestic sectors as well
as the law of motion for the sectoral price indices (11). We combine the corresponding

expressions and, after integrating forward, obtain the following relations:

A =B, i Bt (9)

t=to
[n?H,t + p@ - ﬁHT,t + ’YﬁNT,t + gy — UEHJ] + %’Y(l —w)(1- ’Y)R%T,t
NYwt + pCy — Prr i+ (2 + n)?H,t — pé\t + ﬁHT,t_
YPNT + Ty — NAm VPN + Ty — NAm

—1—2 (,1+")7rHt+sotzp + Hf H

N _ Eto iﬁttox (10)

t=to
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1 nYN,t + p@t ( )PNTt+ (2 + T})?Nﬂf — pét + (1 — ’y)ﬁNT’t‘i‘
2 iy — nAn, Thnge — nANg
+2 (;;")WM + s.o.t.a.p. + Hf H

where s.0.t.i.p. denotes second-order terms independent of policy. We can present

equations (9) and (10) in a vector-matrix form as :

o0

’ ’ 1 / ’ 1 .
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The traded-goods demand equation is of the form:
Pr\ "¢ (Py\ "’
T — 1
(%) (7) - a

{U(l —oH (%J ) KU(PFH)911+ (1-— v)ﬂ - - 7*)6*0*} '

We take the second-order expansion of (13) and obtain the following relation:

?H,t = —[0+(0—w)] ﬁHT,t + W’yﬁNT,t + vét +w(l — U)E]\%t +(1- v)@j +
-~ ]- o~ ]_ —2 ]_ _—2
+ 9, + Ev(l —v)CE + §w2v(1 —V)ER, + 5w(l — w)y(1 =) Pyr,, —
1 v ~ —
3= [(1=0)(0 —w) = (0 — w)*v*] Pigy — (0 = w)wv’ER Py —  (14)

—wo(l — v)ﬁt@ + (0 — w)v2at16HT7t + wo(l — U)E\Rt@k — (0 — w)vQﬁHmaf -
—v(1 = 0)CiCf — wyPyreGue + 0+ v(0 — )| Prreins: — vCifns —
—w(l - U)ET%@H,t + s.o.tip. + (||€7]])-

In a vector-matrix form the expression above takes the following form:

> [c;xt + A+ 5L Co+ x;Cgft] +sotip+ () =0 (15)

t=to

where

c. [—1 0 v — [0+ (0 —w)v] wy w(l—v)],

=0 000 10 (1-0v) 0]
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0 0 0
0 v(l-v) (0 — w)v? 0 —wou(l —v)
C, = — —w)—
00 (0—wp? ) [ (1 (90—><z)21;}) ] 0 —(0 — w)wv
0 0 0 w(l—w)y(l—7) 0
| 0 0 —wu(l—w) —(0 — w)wov? 0 w?u(l —v)
(0000 0 0 0]
0000 0 0 0
Ce = 0000 —v 0 —v(l—-wv) 0 '
0000 [P+v(@—w)] 0 —(@—w)? 0
0000 —wy 0 0 0
(0000 -wl-v) 0 wo(l-v) 0]

Similarly, the demand equation for non-traded goods takes the following form:

Yy = (%) e (16)

The second-order approximation of this equation yields the following expressions:

N N N N 1 N
Yne = Cy —w(l —v)Pnry + gy + 5(1 —7)yw(l - w)P]%fT,t_ (17)
),

Cigng +w(1 =) Pyrigng + (I|€?

S0 [ b i+ g+ D6 +sotin (€ =0, (1)

t=to

de[O -1 1 0 —w(l—7) 0},

o O O O

(I —=y)yw(l —w)
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(00000 O 00]
00000 0 00
Dgzooooo -0l
00000 O 00
00000 wloy) 00
(00000 0 00

The second-order approximation of the risk-sharing equation (9) in the main text takes
the form: .
C,=-ER,+Cr. (19)
P
> / ’ 1 / / .
Zﬁpto [exa:t + €&y + §a:tExxt + LL‘tngt] + s.o.t.i.p. + (HSSH) = 0. (20)

t=to
|,

=0 000001 0]

e;z[o 0 -1 0 0

D =

Finally, the real exchange rate equation (12) approximated up to the second order takes
the form:
) D D * Dk 1 (]' _ U) e
vPyry = —(1—=v)ER, — (1 —v)Pyry +7"(1 —v)Pyr, — 5 (1-0)ER, — (21)
=0 |22 a -0 -] Be, - 0 - 0B R Py +
1—w TS B 1—w N ,
—1—( - >(1 —0)y ERPyr; + ( " )(1 — )y PnriPyry + s.0.ti.p. + (H§3H)
> _ ’ ’ ]_ ’ ’ .
Zﬁt to lfm:ct + febi + éa:tan:t + xthft] + s.0.t.i.p. + (||§3H) =0. (22)
t=to
f;E[O 0 0 —wv —v(1 —wv) —(1—1})],

!

fi=lo 000 00 0 y(-v)],
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0000 0 0
E=1000 0 0 0 ’
0000 —9(1-v)[ 2 11-w)1-7] -2Ha-9
(0000 ) ~ g g
(0000000 0 ]
00000O0O 0
Fie 00000O0O 0
00000O0O 0
0000000 E21-0)y
(0000000 2010 |

We combine constraints (11), (12), (15), (18), (20), and (22) in order to get rid of the
linear terms in the objective function (8). We collect vectors that contain the linear

components of the above constraints and derive the vector A, such that:
ay by cp dy ep  fo | X A=z

We solve the system of linear equations using the symbolic Matlab toolbox and derive
values \; — \g associated with each of the constraints. After the linear terms cancel,

we obtain the following expression for the loss function:

=, 1= )~ 1~ 1~ ,
Li, = UcCE, Zﬁt o {Qx’tzxxt +x,Z¢8 + §ZWH7T}2LI¢ + _ZWNW%V,I‘,:| +K0+t-z-p+<}|£3”>’

2
t=to
(23)
where
Ty = Zy 4+ MAy + XoBy + AsCh + MDy + As Ey + Ay,

Ze = Ze + M Ac + MaBe + A3Ce + MDg + A5 Ee + A Fe,

Zﬂ'H - ZT{'H +)\1a7I'H7

ZT(N = Zrn + )\2b7rN7

Ko = UcC [MVET+ MV .

Z

TN

Vectors ZE, Zr

objective function.

- represent the weights next to the endogenous variables in the

Furthermore, we would like to present the loss function (23) in terms of the variables
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?N,tv ?H,t, E\Rt, I3NT7,5. Thus, we map the vector of all endogenous variables x; =
[ }A/H,t ?N,t at ﬁHT’t ﬁNT’t ﬁt into the variables of interest with the use

of matrices () and ()¢ such that:

T =@ [ ?H,t ?N,t ﬁNT,t Eﬁt + Q&4 (24)
and ) )
1 0 0 0
0 1 0 0
oo |- o i e
0 0 —(1-v) —(1-v) ’
0 0 1 0
0 0 0 _
(0000 0 0 0 0 T
0000 0 0 0 0
Qc = 0000 —(1—=v) —v O ”’*(1_”/;1(}“—11)
00 0O 0 0 0 7*(1}—1;) )
0000 0 0 0 0
| 00 00 0 0 O 0 |

where | = (pf — 1)(1 —v)(1 +v) and | = [ — (pw — 1)(1 — v)v. Therefore, the loss

function (23) can be expressed as follows:

—_ o _ ]_ / i 1 ]- .
LtO = UCCEtO Zﬁt o |:§XthXt + thfft + §W7rH7T2H,t + §W7TN7T?V715 +K0+t2p+(H€3H)a
t=to

(25)
where X, = | Vi, Vi Pyry BR |, Wo = QZQ. We=QZQc+QZ
Wy = Znys Wiy = Zny.

Finally, we present the variables in the objective function in terms of the deviations
from their target values. Thus, we denote the gap as X; = (X; — X7). The target
values are functions of the exogenous shocks and take the following general form: X! =

—%St) . As a result, we are able to present the objective function in the following

quadratic form:

e e |1 : 1 1
Lo = UcCE,y B [§(Xt—XtT) We(Xe = XJ) 4 gWap i+ 5Wan e | +
t=to

+Ko+tip+ (||€%]]). (26)
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Expression (26) corresponds to formula (29) in the main text.

8.3 Tables and Figures
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