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Editorial

On October 12-13, 2006 the National Bank of Belgium hosted a Conference on "Price and Wage
Rigidities in an Open Economy". Papers presented at this conference are made available to a

broader audience in the NBB Working Paper Series (www.nbb.be).

The views expressed in this paper are those of the authors and do not necessarily reflect the views
of the National Bank of Belgium.

Abstract

In this paper we derive a microfounded macro New Keynesian model for open economies, be them
large or small. We consider habit formation in consumption, sectoral linkages, domestic and foreign
governments, tradable and non-tradable final and intermediate goods and imperfect pass-through in
these sectors. Sticky nominal prices and wages are modeled in a Calvo way. The model economy
is composed of a continuum of infinitely-lived consumers and producers for three regions
(countries). Numerical simulations and econometric estimations are presented with a focus on a
small open economy member of the EMU. Welfare implications of the involved price and wage
rigidities are discussed.

JEL-code : E31, D21, F41, P24.
Keywords: New Keynesian open economy model, tradable and non-tradable sectors, final and

intermediate goods, monetary policy rules, numerical simulations, Bayesian estimation,

welfare implications.
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1 Introduction

During the recent years the theoretical and empirical research in New Keynesian (NK) macroeco-
nomics has been extended steadily and produced a whole new series of results and insights about
the workings of the macroeconomy. Essential starting point of the NK approach is the explicit
derivation of macroeconomic relationships from underlying microeconomic foundations. This prin-
ciple is shared with New Classical macroeconomics, although the former includes a great deal of
imperfections in the goods and labor markets.

Recently, much interest has also been devoted to modeling and testing effects and interactions
produced by the foreign sector, e.g. rigidities of import and export pricing that might be of
significant importance in an open economy. Moreover, fluctuations in import prices of intermediate
goods such as oil and steel will have strong effects on domestic firms of an open economy. In
that perspective, the exchange rate will play an important role in the transmission of such price
fluctuations to the domestic economy. NK models with a worked out foreign sector are often
referred to as New Open Economy Macroeconomics (NOEM) models.

This paper studies numerical simulations, econometric estimations and welfare impli-
cations of monetary policies taking account of nominal price and wage rigidities both on
a small open economy being a member of a monetary union (MU), on the rest of that monetary
union (RoMU) and on the rest of the world (RoW).

More specifically, we extend the NOEM model of Plasmans et al. (2006a), characterized by a
detailed modeling of the consumer and producer decisions, to a three country setting. In particular,
firms in our model produce two types of goods: final and intermediate. Both types of goods can
be either tradable or non-tradable, depending on whether they can be traded internationally.
Firms in every sector are assumed to be characterized by nested CES production functions whose
arguments are technology, labor force and intermediate goods.! Each firm is assumed to have
some price-setting power on relevant markets, reflecting monopolistic competition. Consumers are
assumed to purchase a bundle of domestically produced tradable and non-tradable final goods
and imported final goods. Consumption allocation is assumed to be shaped by habit formation.
Labor markets with sticky wages and financial markets complete the structure of the model of
the domestic (small open) economy. Altogether, we distinguish 12 (final and intermediate goods)
markets with which domestic firms are confronted. Foreign economies are modeled in a parallel
manner so that import/export prices and quantities and other relevant variables are endogenized
in our approach.

Such an extensive modeling of intermediate goods sectors is important especially in the context
of exchange rate policies. Dellas (2005) points out that the presence of intermediate goods has
vital consequences for the ability of monetary authorities to manipulate nominal exchange rates.
When there is no production interdependence between countries (i.e. only consumption goods are
traded) changes in a nominal exchange rate do not affect production costs. However, when there is
trade in intermediate goods as in the real world, an exchange rate depreciation has adverse direct
effects on the cost of domestic production. Consequently, it makes the exchange rate instrument
less useful.?

As an application, we consider the case of The Netherlands (NL) as a member of the European
Monetary Union (EMU), the latter being considered as the first large economy. Our choice is

Tt is assumed that intermediate goods producers do not use other intermediate goods as their inputs.

2The relevance of intermediate goods in the production processes is nicely illustrated by annual Input-output
tables of (for instance) the Dutch economy, where they account for around 25% of all inputs in many industries.
See Data Appendix F for details.



driven by the availability of time series data of intermediate goods inputs and prices and also by
the fact that NL has strong economic relationships with the RoW (second large economy, proxied
by the USA). In this setting we compare possible European Central Bank (ECB) policies under
the form of different specifications of a Taylor rule.

Numerical simulations and econometric estimations (e.g. Bayesian methods) will be analyzed
to study the impact of shocks in such a three-country setting. More in detail, we study the impulse
response functions (IRFs) to the following shocks: common and asymmetric positive technological
shocks in the tradable (non-tradable) final goods sectors in different economies, an exchange rate
shock, a monetary policy shock and a taste shock to consumption.

2 A literature review

There are not many papers that consider a NOEM setting with an MU. Pytlarczyk (2005) de-
velops a two-region dynamic stochastic general equilibrium (DSGE) model for the euro area with
a particular focus on analyzing the German economy within the EMU. The interesting elements
of his work are (i) the utilization of disaggregated information in the estimation, i.e. national
accounts data, along with the "synthetic" euro area data; (ii) the utilization of regime-switching
models in a DSGE framework, which allows to use a longer data sample (prior to and during the
EMU). He applies Bayesian techniques in estimation and explicitly takes account of the change in
the monetary regime in the EMU.

Pierdzioch (2004) uses a two-country NOEM model of a monetary union to analyze the con-
sequences of international financial market integration for the propagation of asymmetric produc-
tivity shocks. His model implies that business cycle volatility is higher the more integrated the
capital markets of the member countries of the MU are.

In this MU setting we could study, for instance, the issue of welfare implications of monetary
policies for a small open economy, which is a member of the MU, both considering different
levels of price and wage rigidities between the small open economy and the RoMU. The most
interesting reference for us is Ortega and Rebei (2006), since they treat the welfare implications
in a multisectoral two-country setting. Following their spirit we characterize simple Taylor-type
monetary policy reaction functions.

The welfare costs of nominal inertia are directly related to the welfare costs of business cycle
fluctuations which have been at the center of macroeconomic research since the seminal paper
by Lucas (1987). Lucas (2003) focused on the variability of consumption and has argued that
the costs of these fluctuations are very small, roughly 0.07 percent of steady state consumption.
His conclusion is that macroeconomists should set their research priorities on improving economic
growth rather than on fine-tuning of the cycle. Recently, Gali et al. (2003) have built a measure
of the costs of business cycle fluctuations centering around the gap between the marginal product
of labor and the marginal rate of substitution between consumption and leisure, the so-called
“efficiency gap”. They calibrate a small number of parameters and take that measure to US data.
Gali et al. (2003) show that the average welfare costs of business cycle fluctuations could very
well be higher than what Lucas (2003) computes. Costs in the benchmark calibration of Gali et
al. (2003) are 0.28 percent of steady state consumption and range up to 0.75 per cent. Variations
in the efficiency gap arise endogenously in models with wage and price stickiness such as in the
seminal work by Erceg et al. (2000). As pointed out by Gali et al. (2003), there are however a
number of other frictions that could also contribute to the variance of this gap. Canzoneri et al.
(2005) follow this discussion and calculate the welfare cost of nominal inertia in a New Neoclassical



Synthesis model with wage and price stickiness, capital formation, and empirically estimated rules
for government spending and the central bank’s interest rate policy. Their model is calibrated to
US data and the cost of nominal inertia is calculated under two specifications of monetary policy.

Paustian (2004) considers the share of nominal rigidities in wages and prices in the average
welfare costs of business cycle fluctuations. He computes a quadratic approximation to agents’
expected lifetime utility and evaluate welfare for different modeling schemes of nominal rigidities.
His results indicate that the welfare loss depends on the way of modeling the stickiness, even with
the same average duration of contracts. Calvo (1983) contracts can imply welfare costs that are
up to 4 times higher than those implied by overlapping contracts in the spirit of Taylor (1980) or
Wolman (1999). Furthermore, the sticky information framework of Mankiw and Reis (2002) may
generate welfare costs that are smaller.

This paper is organized as follows. In Section 3 we model both domestic and foreign households.
The households’ decisions feature habit formation in consumption of tradable and non-tradable
goods. Section 4 introduces domestic and foreign governments. In Section 5 we study the firms’
decisions considering supply linkages in production by distinguishing intermediate goods from final
goods and tradable from non-tradable goods. Equilibrium conditions are proposed in Section 6,
while a discussion on net foreign assets follows in Section 7. Regarding price formation we consider
the cases of price stickiness with Calvo-type staggered price and wage settings in Section 8. In
Section 9, we discuss the institutional setup of the monetary policy both in the MU and the RoW.
Section 10 concentrates on welfare maximizing monetary policy rules utilizing a second order
approximation. Some numerical simulations demonstrating the functioning of the model will be
discussed in Section 11, while econometric estimations are reported in Section 12. Finally, some
concluding remarks are contained in Section 13.

3 Households

3.1 Domestic households

In the model to be constructed the following notation is used: the country of origin is always de-
noted as a subscript, whereas the country of destination (consumption) is denoted as a superscript.
In this paper, h stands for the home country (the small open economy) being a member of the
MU, U stands for the RoMU (first foreign country) and W stands for the RoW (second foreign
country).

Each household ¢ in home country h is assumed to face a consumer budget constraint (CBC)
of the following kind:

PtCh(Z)Cth(Z) + Ey QZ,t,tHBZ,tH(i) + Q}rlj,t,tﬂBg,tH(i) + StQ}i}V,t,t—&-lBI}/LV,t—&-l(i) + Mt}fi-l(i)
< (1 = 7) Wit (2) L (3) + T}, (8) + By y(6) + Biyy (i) 4+ Se By, (i) + M (i) + By (4), (1)

where 7y, is a proportional tax rate on nominal labor income W}, +(7) Ly, ¢ (i) = > Wi Ly,
m=FT,FNVT,VN

T} (i) is a nominal lump-sum transfer from the government to household 7 and By, ;(i) are consumer
1’s net benefits from firms’ ownership, where it is assumed that the whole entrepreneurial benefits
accrue to domestic consumers, M[(i) are nominal money balances at the beginning of period t,
CM(4) is total consumption and P (i) is its aggregate price. Moreover, according to Woodford
(2003) and Ambler et al. (2003, 2004), Q7,1 = (1 + 7401) " Qbypiy = L+ 7,,1) 7" and
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Q{}ct,t 1 = (1 + 7y, 4)"" are for domestic consumers the one-period ahead stochastic discount
factors for (nommal) domestic and foreign asset payoffs, respectively.® Hence, the expected (nom-
inal) market price at date ¢ of an asset portfolio, held at the beginning of period ¢ + 1, is given by

[tht—l—lBh o1 (D) + Qb i1 Bl (8) + SiQl 1 Bl (i )} , with S; the nominal exchange rate

(the price of one unit of foreign currency in domestic currency) in that period.?
The specification of CBCs for U and W can be found in Appendix A (see (42) and(43)).

3.2 The domestic household optimization

We specify household 4’s (from country h) intertemporal utility function as:®

_ _ e .
Ny X o\ > Ly, (i) (Mal('))lxlh
i m=FT,FN,VT,VN PSR (i)
Ey (Br)' v - +XMp———
; L—a \ (C1(1)™ 1+ ¢ (1 _ L)

(2)
where 0, > 0 is a parameter of constant relative risk aversion (CRRA) of domestic households
in the home country being equal to the inverse of the intertemporal elasticity of substitution in
consumption, k; is the home consumers’ habit persistence parameter anhd ¢y, is the inverse of the

Mp (i
£
money balance at the beginning of period ¢ + 1, xas; is a constant and xj, is the elasticity of
substitution of real money balances in the home country.

Maximization of the expected discounted sum (2) of household i’s utility flows subject to
its budget constraint (1) and the relevant demand for labor with respect to C}(i), Ly, (i) for
m = FT,FN,VT,VN, M/ (i), and household ¢’s nominal domestic and foreign asset portfolios
(consisting of bonds and stocks) at the beginning of period t+1, By, ., (i), By, (i) and By, (i),
results in the following first order conditions (FOCs) (see Append1x A in Plasmans et al. (2006a)):

intertemporal elasticity of work effort with respect to the real wage is household 7’s real

3 Alternatively, these stochastic discount factors can also be considered as prices of one (domestic and foreign)
assets paid to the consumer (owner of assets) at time ¢ + 1.

4For an exact definition of effective interest rates TA’[})M 41 and ft}/bv,t,t 41, see Section 8 in this paper. Notice also
that S; is used to translate asset returns at the beginning and at the end of period t so that, de facto, it represents
the average exchange rate during period ¢; see also equation (20) in Selaive and Tuesta (2003).

This is a Constant Rate of Risk Aversion (CRRA) utility function that allows for habit formation as in Kozicki
and Tinsley (2002). Moreover, notice that following the international literature, we assume that the parameters in
this utility function are equal over consumers.

6Recent micro-level studies report mixed evidence of the impact of habit formation in consumption (see Ravina
(2005)), while studies conducted with aggregate data finds substantial evidence, e.g. Christiano et al.(2005),
enphasize the role of habit persistence in the explanation of the hump-shaped behavior of aggregate consumption
in response to a monetary policy shock. Notice that habit formation in consumption vanishes and consumption is
as the usual CRRA ulitily if x;, = 0.

"Hence, shares and bonds are only used to carry over savings between periods.



et - e - 2 - B [ﬁ ((%()) I

= Ptc’h(i) - PCh( ) (Cth Z))nh(lfoh) h Z) (C,th(w)[nh(lfoh)Jrl}

# (L (i) = T2(i) (1 = 7,) Wy (i) for m = FT, FN,VT, VN, (4)
By [P 0@ 11 — BT (3)] =0, 5)
By TP @)@ty 1 = BilEa ()] = 0. (6)
Ey [ (Z>Qth+1 6hrt+1( )St+1] =0, (7)
Xan [MPL ()]
o | ] =+ A ), ®)

where the Lagrange multiplier I['?() of the budget constraint is the marginal utility of household #’s
wealth and oy, 5, is the intertemporal elasticity of substitution for different types of labor demanded
by firms in sector m = FT, FN, VT,V N and which should be larger than one. Equation (3) implies
that the marginal utility of a particular household’s consumption good equals the marginal utility
of its wealth. Equations (4) relate the household i’s marginal utility of leisure to its marginal
utility of the nominal wage in every sector. Equations (5), (6) and (7) refer to the household
i’s intertemporal decision involving decisions on home and foreign financial assets and (8) is the
optimal real money balances demand.

Each foreign consumer in countries U and W solves a similar problem as presented above. More
in detail, foreign consumers must satisfy a set of FOCs analogous to (3 - 8) in the optimum, where
I'Y(i) and T}V (i) are then the marginal utilities of foreign household i’s (in country U and in country
W, respectively) nominal consumption and where we can derive foreign stochastic consumption
Euler relationships.

4 Governments

The government budget constraint (GBC) in the home country is given by:

1

} (MP (i) — M (i) di + T, S / W)L (i) /

m=FT,FN,VT,VN 0

1 1 1
+Et QZ,t,H—l/BZ,H—l(i) - /Blf—bl,t(i)di + Et Qg,t,t—f—l/B}[L],t—f—l(i)di
0 0 0
1 1
/ i)di + By | Q)Y y i1 / By (i)di| — / By (i)di = 0. (9)
0 0 0

Government revenues include personal tax, money creation and domestic and foreign bond
incomes whereas expenditures include nominal lump-sum transfers.
Foreign governments solve a similar problem as the domestic one.
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5 Firms

Following Smets and Wouters (2003), Gali and Monacelli (2002), Choi and Jung (2003), Jung
(2004) and Lindé et al. (2004), it is assumed that suppliers of inputs are price setters under profit
maximization and demanders for inputs are price takers under cost minimization. Goods markets
are characterized by monopolistic competition and profit maximization in the output markets. An
alternative interpretation is that the firms’ problem in open economies can be disentangled in two
stages: one for final goods and one for intermediate goods. The inspiration for an intermediate
goods versus final goods distinction can be found in Clarida et al. (2002), Smets and Wouters
(2003) and Plasmans et al. (2006a).® We assume that intermediate and final goods and tradable
and non-tradable goods are produced in a sectoral framework. Domestic goods are assumed to be
produced in each sector by a continuum of monopolistically competitive firms, indexed by j € [0, 1],
while imported final and intermediate goods are bought (at marginal cost) in the foreign market by
importing firms (in import sectors M F and MV), repacked and sold in the domestic market, also
under monopolistic competition. Hence, firms in the monopolistically competitive import goods
sectors turn the foreign goods, bought at their given world price marginal cost, into differentiated
final and intermediate import goods.

Each domestic firm j is assumed to produce one differentiated final or intermediate good which
can be either tradable or non-tradable. Six main sectors are distinguished: 1. the tradable final
goods sector (F'T); 2. the non-tradable final goods sector (F'N); 3. the tradable intermediate
goods sector (V'T'); 4. the non-tradable intermediate goods sector (V V). Additionally, we assume
that all tradable goods are imported, repacked or rebranded by import sectors M F' and MV for
final and intermediate goods, respectively.

In final goods production sectors, m = FT, FN, we assume variable returns to scale and a
nested CES production technology with labor, L7*(j), and intermediate goods, V;"(j), as inputs:’

Y () = (0 2" ()=

Ym,h TWh,m
1 Ym,h =1 1 . Dmah =] Yy p =1
. Y . .
= S Vi (L) e + (= vpm) ™ (V) . (10)
where
Xm,h
1 Xm,,h71 1 X'm,,hfl Xm,};71
i voi (V@) T v (VT G))

‘/t (]) - 1 Xm,h—1 1 Xm,h—1

U (Vggm’h(j)) 4 (1= Vpnth = Vinzh — Vin3,p) Xm0 (VVIT/jZn’h(J')) t
(11)

for j € [0, 1], where v, 5, and x,, » are the (home country) intertemporal elasticities of substitution
between the final goods inputs and different intermediate goods inputs, respectively. Both must
be larger than one.

In (10-11) v, is the share of labor input in total input, while vp,1 5, Vmas and vy,3, are
the shares of domestically produced tradable and non-tradable intermediate goods and imported

8Non-tradable intermediate goods include intermediate goods which are relatively too expensive to be trans-
ported, e.g. sand, water and various kinds of services.

9Similarly to household 4’s utility function (2), we assume that in sector m producer j’s production function
parameters are the same across producers. We assume that intermediate goods include capital goods. For the
treatment of capital goods as a separate input, see Plasmans et al. (2006a).
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intermediate goods produced in U in total intermediate goods input of that firm in sector m; ", is
a domestic technology shock in period ¢, which, according to learning characteristics, is assumed to
satisfy an AR(1) process: In QG =wpy = pm,w,hw%t,l + Emwne With =1 < pp o < 1 and &, ns
an independently and identically distributed (éid) error term; in addition, w,, is the returns to
scale parameter in sector m in the home country.'’

Intermediate goods firms m = VI, VN use labor according to the production function:

N ,h . ™ . . @m,
Vi () = (@ 2" ()= = { QG Ly () )" (12)
where @, 5, is the returns to scale parameter in the production of intermediate goods in sector m
of the home country.

It is assumed that foreign producers in countries U and W face production functions similar
to (10-12).

6 Equilibrium conditions

Since sectoral firms are able to exert monopolistic power, they are able to charge different prices
according to the market they serve. First, domestic producers of tradable final goods sell their
output at 3 markets: domestic market of home tradable consumption and foreign (wholesale)
markets of home consumption goods. Hence, a tradable final goods company sells its output
by charging the vector of prices P}7(j) = P (j) = [P,StT’h(j), P,fi;CT’U(j), P,figCT’W(j)]’, where
P,ft’CT’U( Jj) and P,fi;CT’W( j) are export prices of domestic tradable consumption goods. Second,
a domestic producer of non-tradable final goods sells her products only to domestic consumers
charging a price Pi Ni) = PthN (7). Third, an intermediate tradable goods company sells its output
to 2 markets (m = FT, FN) in each of the three economies h,U and W, charging the following

set of pI'iCGS: P}‘:z"(]) = [P}ZtT,FTJl (])’ P}ZtT7FN7h(j)7 P}.;(t,VT7FT,U(j)’ ]Dil)’(t,VT,l*—'N,U(j)7 P}fi;VT7FT7W<j),
Pft’VT’FN’W( 7)]’, where, similarly to the case of final goods, X denotes exports of domestic tradable

intermediate goods. Fourth, an intermediate non-tradable goods company sells its output to 2
sectors, m = FT, FN, of the home country, or P} (j) = [P/,""""(5), PV (j)]'. Finally, a
firm in the domestic import sector of final tradable goods charges P} (j) = [Pg r(j), Pg,f’h ()

and a firm in the domestic import sector of intermediate tradable goods charges Piw V’h(j) =
[Poe ™" (G)s Pog ™" 0)s P ™ ()s P GO

Moreover, we require market clearing equilibrium conditions for all firms. The demand for
the tradable final good produced by company j is the sum of domestic and foreign consumption
demands for this good. The demand for the non-tradable final good is equal to domestic demand
for this good. The demand for the tradable intermediate good is the sum of the domestic and
foreign demands for this good in the final goods sectors m = FT, FFN and the demand for the
non-tradable intermediate good is the sum of the domestic demands for this good in all sectors.

Let aggregate demand for tradable goods produced by domestic company j be defined as
C}Zj’th(j) = fol C}Zj’th(j,i)di, C’,F‘:%U(j) = fol C’,F‘:;U(j,i)di and CZ?;W(j) = fol C’,F‘:;W(j,i)dz’. Hence, we can
define the vector of relevant demands for the products of company j in sector F'T' as Dfi ') =
[Crr (s Cri (7): Cri" ()] Analogously, DEN(j) = [CR,()], Dy () = Vg™ () Vi " (),

0Note that our AR(1) process can be interpreted as highly persistent shock that shifts the trend level of a
productivity growth (see, for instance, Erceg et al. (2005), where productivity shocks are split in two parts: a
highly persistent (which corresponds to w,’{ft) and a transitory ones (which corresponds to a shock as &, w.h.t))-

'Notice that these import prices include the importers’ markups (see later), while the export prices do not.
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T,FT,U - T.FNU, ~ 1T, FT,W -\ ,T,FNW/ . VNh/ - _ r1/NFT,h, . N,FN,h/ -
Vh,t (J); Vh,t (7), Vh,t (7), Vh,t (j)" and Dh,t (J) = [Vh,t (J) Vh,t (j)]; where,

for example, Vhﬂ’m’h( J) represents the (domestic) demand for tradable intermediate goods produced
by company j demanded by firms in sector m in the home country.

Consequently, the equilibrium or market clearing conditions can be written as (see also Na-
talucci and Ravenna (2003)):!2

il () = [Drf ()] ™ (13)
YN G) = [DEY (), (14)
Yyl (j) = [Dh7 ()] " and (15)
YN () = DR ()], (16)

where /" is the unity vector containing an appropriate number of ones being equal to the number of
markets in sector m. Furthermore, we disaggregate the total output of company j in every domestic
sector as Y)7'(j) = [V, (5), i, (7), Yy, ()], and, analogously, Y [N (j) = [V,iN (7)); Y} (5)
_ [Yh\;T,FT,h<j)7 YhI;T,FN,hU)’ Yh\;T,FT,U(j)7 YhX;T,FN,U(j)’ Yh\;T,FT,W(j)’ Yh‘;T,FN,W(j)]/ and Yﬂv(j) _
Y, R, Y TR ()] At equilibrium we assume that Y17 () = DT (5), YEN (j) = DEN(j),
Y1 (j) =Dy i (j) and Y} (j) = Dy (j).

Analogous equilibrium conditions for the RoMU and the RoW hold.

7 Calvo staggered price and wage setting

Following Calvo (1983), we assume that domestic firms (suppliers) adjust their price(s) infrequently
and that the opportunity to adjust follows an exogenous Poisson process. In each period, there is
a constant probability 1 — @g 31 ;, that firm j in sector m in the home country will be able to adjust
its price on its market n,,, independently of past history. Hence, the average duration between

two subsequent price adjustments can be computed as #, since gpg ) , lies between 0 and 1.'3

Assuming that there is a continuum of firms, then eagﬂ“%rm’s probability to adjust its price
is more or less similar so that, if the law of large numbers holds, this implies that the fraction of
firms in sector m at market n,, not setting prices at t is ¢y, ». Moreover, price signals are drawn
randomly and independently of the time that suppliers were last offered to adjust their price. In
particular, a fraction 1 — ¢, » of monopolistically competitive firms in the (domestic) product
markets are assumed to set their own prices in advance by maximizing the present discounted
value of profits subject to appropriate demand functions, which have to be determined first.

The newly set vector of domestic prices is derived for every producer j in sector m in the home

country from the solution of the expected profit maximization problem (see Ascari (2004)):'*

PrG) |

maxEt{ZAh,t,Ha(j)(som,h)a[[Pzﬁtu)]’Y;;?Ha(;/)—Tcmm([ 2?t+a<j>]’am)]}, (17)

12Some authors assume that producers do not know beforehand whether their goods will be used as a final good
or as an input in production chain (see for example Leith and Malley (2002)). However, we follow the spirit of the
General Equilibrium models a la Debreu where market clearing is defined for each (sub)market.

13For example, a Calvo price parameter equal to 0.75 implies an average duration of 4 periods.

14Note that the formulation below does not contain price indexation. This can be introduced by defining

pCT.h (s
Wﬁ?’h(j) = P}?:T;qiz,; so that, on average PhC)tT’h :witT’hP,ftTf;(see Erceg et al. (2005)).
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s.t. relevant demand functions where the Calvo-assumption is applied, i.e. the producer assumes
that the price remains constant; for example, taking account of equilibrium conditions in section 6,
the aggregate optimal demand for a domestic consumption tradable good becomes (see Plasmans
et al. (2006a), Subsection 5.5.1):

(B
Yh:,rt+a(3 ) = (W Yh t+a

ht+a

(18)

In (17) Aptira(j) represents the (nominal) discount factor from t to ¢t 4+ a applied by firm j
to the stream of future profits and 7'C; +a( /) is the (nominal) total cost of production at period
t + a of firm j in sector m in the home country. Moreover, /™ is the unity vector containing of
an appropriate number of ones which equals the number of markets and (¢mn)® is a vector of
probabilities of price changes for a producer in sector m in the home country. Elements of this
vector correspond to elements of relevant price vectors Py 7 (7), Py Y (), Py 7 (), Py (4), Py ()
and P}V (j). For instance, pprn = [porn, ex.orum x.crwnl and OVNp = [SOVN,FT,h, SDVN,FN,h] :

Assumlng for simplicity that Ap;s10(j) = (br)®, we obtain the following optimality condition
(see Plasmans et al. (2006a), Subsection 5.5.1 and Appendix G):

_ 00 -
(1) 2\ %, @) (1)
By (@nyntn)® [Mc:i:c)(Ph;z; )]
4)01'1,5,1,(),]1 a=0
)
(@nm.n—1) Z 1)\,
o (90 (1) bh) ht+a ( ht+a) me :|
. .
Ph,t(]) = (19)
oo
m, n(l) h APn,(i) h n(l) h
Efz(“’nm ,bn)* [Mct+f(-)(Ph,T+lz) oty }
) mo
SDn,E:'L),}L a=0
@ (4) 71) () (") ® (Z)
< Ty sk Ey g (¢ (7) br)® [ ht+ah(Ph t+a) m 7h}

where 7 is the number of markets with Wthhi the home firm in sector m is confronted.
Since any domestic price at period t, P,Z;” , is assumed to be determined by a CES aggregator

(i) L (i)
applied to the predetermined price {P,Z?_l( j)}, and the newly set price, P}y (j), according to

Calvo, the vector of price indices for company j in sector m in the home country is:

JE S
1-0,, 1

m . m . 17(9mh m Vm . 1_9m,h 5
() = |ma® (P ()™ + (0 = mn) @ (Pi() ,

where ® is a component-wise multiplication operator.

Given the monopolistically competitive structure of the labor market, forward-looking house-
holds set nominal wages in staggered contracts that are analogous to the price contracts described
above. More specifically, wages adjust with in Calvo-type manner with a probability gofr[:h in every
period t. Hence, in any period in which household 7 is able to reset its wage contract, it maxi-
mizes utility (2) with respect to wage rates W)}, s.t. the relevant demand for labor and budget
constraint (1) for every production sector m = FT, FN, VT,V N. According to Plasmans et al.
(2006a), Subsection 5.6.1 and Appendix I, this maximization leads to:

(20)



[e.9]

EtZ(BSOTVr‘{,h)a [(Wﬁm)gm’h LZ’ft+aLfZ+J

W}:’;(Z) _ ( QLm’f 1) _ a=0 . (21)
T B S B ) (W) ™ Lo (1= 7)) THG)]
a=0

Since any (domestic) wage at period ¢, W}",(i), is assumed to be determined by the CES

aggregator of the predetermined wage W", (i) and the newly set wage, W,Tt(z), according to
Calvo a wage index for sector m in the home country reads:

1
1=vYm,h

_ v 17'Ym,L
WEL) = |t (W) (= o) ()T 22)

8 Net Foreign Assets

In Subsection 3.1 74441 is the nominal domestic interest rate in the whole MU between ¢ and ¢t + 1,
while 7;,,,, and 7}, ., are the interest rates effectively paid by domestic consumers for both
kinds of foreign assets, which are defined as:

(1+ f(}},t,tH) = F}(},t+1('>(1 + Tt,tJrl)’ (23)
(1+ fgv,t,tH) = F}IﬁV,tJrl(')(l + 7“%1), (24)

for the RoMU and the RoW, respectively. In (23) and (24) the factors of proportionality £, ,(.)
and F{y,.(.) are functions which, according to Benigno (2001), depend on the real holdings of
the corresponding domestic consumer ¢’s foreign assets; this means that domestic households take

these functions as given when deciding on the optimal position in foreign assets. The functions

L e (0 . *(R) (.
Fiim (BJ%—?Z'())) and F iy, (%), generally represented by the function f ;4 (BtJ(rIf) (1)), where

B;(r]f) (1) are appropriately defined real foreign assets, are subject to the following restrictions:

E[F+1(0)] = 1 and this function takes the value 1 only if B;(L]f) (1) = 0. Moreover F ¢y1(.) is a
differentiable, decreasing function in the neighborhood of zero. Benigno (2001, p. 5) argues that
function F;y1(.) can be described in two ways. First, it captures the (intermediation) costs, for
the domestic households of undertaking positions in the international bonds (assets) market. As
borrowers, they will be charged a (risk) premium on the foreign interest rate; as lenders, they
will receive a remuneration lower than the foreign interest rate. Second, an alternative way to
describe this cost is to assume the existence of intermediaries in the foreign bonds (assets) market
(which are owned by the foreign households), who can borrow from and lend to foreign households
at rates 1 + 74449 and 1 + TtV}{ 41, but can borrow from and lend to domestic households at rates
F (14 7e441) and F i, (14 1)%, ), respectively.'?

There are many functions f(.) that satisfy the above requirements In the spirit of Ambler
et al. (2003, 2004), consumer i’s risk premium depends on her real net foreign assets (NFAs) as

follows: !¢ . (Ut {exp ( ii*(gé) B Stéfz’i)(i)) - 1]) , (25)

!5The property that in (23) and (24) only the factors of proportionality £, (.) and F 1§y, (.) (and not #f;, , 4

and f{,LV7t,t +1) are consumer ¢-dependent is argued from this interpretation.
6For instance, another formulation of f;(.) can be found in Schmitt-Grohé and Uribe (2003) and Malik (2005)
on the one side and in Erceg et al. (2005) on the other side.
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where S;_; B (i) is consumer 4’s nominal NFAs position with SB* (i) being her steady-state value of
nominal foreign assets and v; is an iizd process centered in a certain parameter value . Therefore,
once we allow either for perfect capital mobility or for NFAs equal to zero, the familiar uncovered
interest rate parity (UIP) hypothesis holds with purely temporary deviations.

Notice that the arbitrage condition is operating for the returns of all NFAs. In particular,
dividing (7) by (5) yields the UIP hypothesis between the home country and the RoW, taking
account of equation (45) from Appendix A:

Ey [Sen] _ Eq [Q%’t’tﬂ] E [[F]VlV,tH(-)(l + TK;H)}_I}

St B Qﬁ,t,m - (L +7p41)7"

Log-linearizing with respect to an expected zero depreciation of the exchange rate, we get:

E, [A8t+1] =Ttt+1 — TK§+1 — log E; [F}va,tﬂ(-)] ) (26)

where log F {};,,,(.) is the (logarithmic) risk premium defined in (25).
The methodology to state the arbitrage condition between the RoMU and the RoW is the same
as that before. Dividing equation (7) by (6) and using both (44) and (45) from Appendix A:

B[Sl _ Ei [[F}‘}V,Hrl(')(l + TX[;H)]_I]

S, E, “F&Hl(.)(l + Tt,t+1)}’1} )

we can log-linearize again around the zero expected exchange depreciation rate to obtain:

Ey[Asia] = ripir — 15 108 By [F 41 (0)] = log By [F iy (D] - (27)

"A kind of UIP condition" between the home country and the RoMU can be directly derived
from dividing FOC (6) by FOC (5), yielding:

Ah
Et [QU,t,tJrl] - (1 + Tt,t+1> _1 (28)
Z,t,tJrl (14 7041) B [FII},H-I(')} 7

from which it becomes clear that the expected risk premium implicit in asset prices must be equal
to 1. Comparing (26) and (27), we observe that log E; [F {;,,1(.)] = 0, which is consistent with

(28). Moreover, the relevant UIP condition derived from the FOCs of the consumers in the RoMU
and corresponding to (26) is:

By [Aspia] = Tops1 — 1 — 108 By [Figa (] (29)

so that from (26) and (29), we get By [F i, ()] = B [Fia ()] -

To relate the current account balance with the trade balance, we assume that the home govern-
ment has a balanced budget policy so that we can replace the GBC (9) into the active CBC (see (41)
in Appendix A). Following Appendix A, we subtract each country’s GBC from each country’s ac-
tive CBC to obtain three bilateral NFAs equations. In Appendix A, assuming that the conditional
expectations of the stochastic discount factors are mutually pairwise equal between countries, i.e.

Et |:A}[L]7t,t+1] = Et [Q}[{,t,t+1i| = Et [QhU,t,t+1i|a Et [Q}‘}V’t’t—i_l} = Et [Qhw,t,t—&—l} = Et [QhW,t,t+1i| and
E, [Q‘(fm,tﬂ} = F, [le}ft’tﬂ] = F, [QUW,t’tH] , we ultimately obtain the NFAs equations (65), (67)
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and (68), respectively, where we used equation (62) for the domestic nominal benefits By, ;, which
the consumers get from their entrepreneurial activities and similarly for the RoMU and the RoW
we used foreign benefits (63) and (64).'7

In Appendix B, the log-linearization is worked out for the above-mentioned NFAs equations,
where the final form directly results from substitution of (134) and (135) for tradable final and
intermediate goods, respectively.

In order to evaluate log E; [F{y,.1(.)] in (29) we derive from (25) that:

o (53% - sthfW) - 1] s [exp (53% - stBVUml) B 1] |

log E [FvUv,tH(-)] = Lk {UvUv,tH}

PC Pg, Pe P,
where the term between square brackets can be approximated by bgv(ﬁl = log
so that (29) becomes the familiar UIP condition:

S5Bf StB‘l/K]/t+1
P —log(Tg "

),

By [Aspia] > rppn — 1 — 5b%f+)1~ (30)

9 Monetary policies

Designing monetary policy rules concerns the choice of (a) the monetary policy instruments, (b)
the variables which are targeted and (c) their targeted values. The most important variables that
are targeted by a central bank (CB) in the literature are: (1) real output (gap), (2) (change in)
prices, (3) (change in) wages, (4) (change in) exchange rates, (5) change in interest rates, (6) a
combination of real output and prices in the form of nominal GDP.

Kydland and Prescott (1977) claim that monetary policy effectiveness depends not only on
policy actions undertaken but also on the public perception about these actions and its expectations
about future actions. Consequently, policy is more effective when future actions are predictable
so that a monetary authority can commit itself to a certain course of policies. As Atoian et al.
(2004) argue, commitment permits the CB to distribute ‘policy medicine’ over time. For example,
when the CB wishes to offset inflation that will result from a supply shock, under commitment, it
can raise interest rates moderately provided that it maintains higher rates for a period of time. In
contrast, in the case of lack of commitment, a higher initial rate increase will be necessary because
of the public doubts that the CB will sustain this interest rate increase. Atoian et al. (2004)
also argue that optimal commitment does not need to take the form of a reaction function with
fixed coefficients. In general, an optimal commitment rule has the form of a state-contingent plan
that presents the instrument setting as a function of the history of exogenous shocks. However,
optimal commitment is not practical because, first, as noted by Woodford (2003), it is not feasible
to provide an advance listing of all relevant contingencies and, second, it is difficult for the public
to distinguish between discretion and a complicated contingency rule. Both problems are avoided
when the CB commits to a rule with fixed coefficients.

Which form should such a rule with fixed coefficients take? Most CBs use the short-term
nominal interest rate as their control variable, depending on economic conditions. The most
famous and widely used examples of interest rate rules are those proposed by John Taylor. The
log-linearized standard Taylor rule (see Taylor (1993)) relates the interest rate to inflation and
(logarithmic) output gap:

1"Notice that Bh.t, Bus and By include benefits from all the six sectors of the corresponding economies m =
FT,FN,VI,VN,MF, MV.
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Teip1 = Yo + Vi + Doy, (31)

where 7; and y; are annualized inflation and (logarithmic) deviations of output w.r.t its steady
state value, which are assumed to be the target variables of a monetary authority. Taylor (1993)
assigns coefficient values consistent with an accurate description of Federal Reserve policy for
quarterly data and annualized inflation (so instead of, m;, we use = Z;’:Om_j) as ) = 1.5 and
Y9 = 0.5. The intuition for the value of the former reaction parameter is that the CB must raise
the interest rate by more than any increase in inflation in order to raise the real rate of interest,
cool the economy, and move inflation back toward its target.

We review some simple deviations from the original Taylor rule studied in the literature, more
in detail in Plasmans et al. (2006b). In this paper, we consider an institutional setting in which
the home country and the RoMU already agreed in a common monetary policy rule. Therefore,
the common CB is going to set the nominal interest rate taking weighted aggregates into account
(as, for instance, in the Maastricht Treaty). The relative weight for the home country in the MU
is Z—;, while mn;z’“ is the relative weight of the RoMU in the MU. Moreover, considering the two-
level production functions (10)-(11) and (12) of our model, it is assumed that the CB targets only
the final goods deviations from the steady state production. Since a CB is in general primarily
interested in targeting CPI inflation, that is inflation of final goods production, we do not consider
outputs of intermediate goods in the proposed monetary policy rules.'®

Therefore, we consider the following monetary policy rules extended to an MU setting:

(I) The Henderson-McKibbin and Taylor (HMT) rule for the MU, which is a direct
extension of the standard Taylor rule (31) for a setup with weighted tradable and non-tradable
outputs (see Collard and Dellas (2004)):

ny (4 Ny — 1Ny 4 ny Ny — 1Ny
=t Bt ()], [ (252 )

na

n ng —n
+ 5 {n_;yévt + ( 2n2 1) y%] + e, (32)

with 4! and y) are the logarithmic deviations of domestic outputs of tradable and non-tradable
final goods from their steady state values. Since only final goods are considered, it is expected
that the sum of the values 95 ;; and 9% ;; is (much) smaller than 0.5 (as found by Taylor (1993)).

(IT) Taylor (1999) suggests another alternative for the standard Taylor rule (31) that allows for
interest-rate smoothing;:

ny (4 Ng — M 4 ny Nng — M
re = 0+ ol [P () i8] ot [ 2, () o
o) ) %) N9

n Nog — 1N
R e AR ()

where 91! > 0 is a smoothing parameter.

18Tn order to have an idea of the importance of intermediate goods production, we observe from empirical input-
output tables that intermediate goods account for a large share (in some industries more than 50%) of the inputs
utilized in the final (industry) outputs.
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Finally, we are also interested in (III) a Taylor-type rule with wage inflation:

ny Ng — Ny 4 n1 W(4) Ng — N1 W (4)
r _ 191 19111 (4) + 19111 + -
tt+1 0,U Ny Tht Ny Ny Tht o Ut

n _n n M9 — N
_l_ﬁjn{ 19}2"’( - 1)3; :|_+_19HI|: 1y}1:/t+(2n_21) yUt] +191Urt 1t + e, (34)

where 7rtW “ = Z?ZOTI';/K ; is the annualized wage inflation.

The RoW’s CB is committed to similar Taylor-type rules as specified in (32), (33) and (34) with
the instrument being the r}" depending on its country variables such as inflation, wage inflations
and tradable and non-tradable output gaps.

Mc Callum (1997) argues that the policymakers’ reaction is more accurate if it is based on
lagged and not on current values of output and inflation. In response, Taylor (1999) suggests an
alternative form of his rules where lagged values of output and inflation replace the current values
n (33). In contrast, Clarida et al. (1998) and others argue that rules in which the CB reacts to
forward looking variables are optimal in the case of a quadratic objective function for the monetary
authorities, which will be also utilized in this paper. The difference between backward-looking,
contermporaneous and forward-looking monetary rules relates primarily to the information set
of the monetary policymakers. For instance, in the case of a contemporaneous rule the actual
inflation rate, on which the CB is assumed to have adequate information, is targeted.

19

10 Social welfare maximizing monetary policy rules

As already mentioned in the previous section, we focus now on those policy rules supported by the
CB that maximize welfare. Ortega and Rebei (2006) look for that Taylor rule parameterization
which maximizes the unconditional expectation of households’ lifetime utility.2” Unconditional
maximization implies finding the parameters that satisfy:

190,191,192,194,195 = arg max {E [U(O[L, Mth7 Lh7t):| } .

Ortega and Rebei (2006) compute this maximum using a grid-search algorithm of the utility
function. The model is solved for a number of parameter combinations v, ¥, 13, for different
values of ¥4 and 95 , while holding constant the estimated degree of inertia in the setup of the
interest rate. Computed levels of welfare constitute a grid with the step in parameters of size 0.2.
The optimal monetary policy is the one which maximizes the individual’s utility after evaluation
of all points in the grid.

Following Ortega and Rebei (2006), we measure the welfare gain associated with a particular
monetary policy in terms of its compensating variation. That is, we calculate the percentage of
lifetime consumption that should be added to that obtained under the estimated Taylor rule in

9The reader could wonder why the CB would target also wage inflation if it already targets inflation. Concern
about wage inflation could result for various reasons, among which: (i) wage inflation could lead to a wage-price
spiral and (ii) it could target real wages, e.g. to secure competitiveness and contain demand-pull inflation it could
try to keep real wages low.

20Welfare implications are robust to both definitions of welfare, conditional and unconditional, but the uncondi-
tional welfare gain is higher than the conditional one. The conditional welfare measure is found solving the Ramsey
problem as e.g. in Levin et al. (2005). The Ramsey problem consists of the maximization of the consumer’s utility,
made by a benevolent planner subject to the structural model.
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order to give households the same unconditional expected utility as under the new monetary policy
rule scenario:

E [U(Cp + welfare gain, M, Lj;)] = E [U(éth, M}, I/h,t)].

N /

TV
optimal policy

In the next step, we take a second order approximation of E [U(C!', M}, Lj;)], i.e

o 1 ~
E[U(ct,my,lny)] =~ UC", M" L )+ U'E(@E b 1, + ZE(Ct,mt,lht) U"E(@, mh 1,,),

where U'(U") is the first (second) order derivative of the utility function evaluated at the steady
state and hats mean a deviation from the deterministic steady state.
The closed form solution of the second order approximation of (2) is

1+9¢p
( L?) ( it >1_X1h
1 o 1—k, \ 17on m=FT,FN,VT,VN POR
E[U hoah ]: (Ch h) _ \P7r)
(Ct my ht) 1—o, ( ) 1+ on + XM,k 1_L> +
Xh
1 Ee
~h\ Oh(Kh— V/ X = 5 h
( (Ch)™ 7D g (5) 7 (Tn)™ ) Ermj | +
Elp4)
O'h(ffh . 1) (C,h)ah(nh—l)—l 0 0
1 0 XM,k Mh _(XZZI) 0 VAR(C mhl )
2 _Xh(PC,h)Q PC:h to 110 thit
0 0 on (Ln)" "

Following Ortega and Rebei (2006) we check variations of the Taylor rule, which assures de-
terminacy in the system. The compensating variation can be decomposed in two effects, namely
a first level effect and a second level effect. The first level is defined as the amount of consump-
tion necessary to compensate the consumer since the monetary policy parameterization has been
changed, in order to reach the same level of utility, which the consumer reached under the optimal
monetary policy parameterization. The former can be defined as:

E[U(C} + 1% level effect, M}, Ly,;)] ~ U(C", M" L) + U'E(&}, ", I},,)
and the second level (order) effect as:
E[U(C} + 2" level effect, M, Ly,)| ~ U(C", M", Ly,) + %E(&t il ) U E(E b 1y).
To get the approximated welfare gain, both effects can be added, i.e.:
C}' (1 + welfare gain) ~ C}' (1 4 1*level effect) (1 + 2"'level effect) .

Intuitively, the welfare gain computed can be divided in two effects that work differently. The
first level concerns the mean utility level required by the equivalence compensation, while the
second level concerns the volatility of the consumption. Therefore, a policy that produces a higher
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level of utility but at the expense of a higher volatility in consumption may be discouraged by the
CB.

Alternatively, Levin et al. (2005) estimate an historical monetary policy rule for the US and look
for the welfare maximizing monetary policy rule under commitment. They construct a Lagrangian
with the structural model as a set of constraints to the welfare function.?!

11 Numerical simulations

In the simulations, we use the numerical parameters presented in Table 1 of Appendix G. Since
we aim to reflect The Netherlands, the Rest of the EMU and the USA (as the RoW) and it is clear
from Appendix F that the data included in our sample is quarterly from 1970/ to 2005’V we try
to approximate the relative weights occurring in the EMU-wide variables of the monetary policy
rules (32), (33) and (34) from this time series data. Since the relative weights are computed in
Euros and no exchange rate data is available before 1979, ?? these relative weights are computed
for the (sub)sample period 19797-2005'" and presented in Figure 16 of Appendix F, from which it
is evident that these weights are relatively constant over time. Hence, the average relative weights
are good approximations to the effective relative weights. Therefore, n; is evaluated at 0.026 and
ny at 0.3807.

In this paper, the parameterization introduces two layers of asymmetry. First, the economies
differ in size, i.e. the home economy is assumed to be 2.6 % of the world, the RoMU 38.07 %,
whereas the RoW accounts for 59.33 %. Second, economies are slightly asymmetric in terms of
the structure (in the assets market). The most obvious and important asymmetries are caused
by the fact that the home economy and the RoMU create an MU; hence, they experience both
a common monetary policy and a common exchange rate. Second, we took into account more
sclerotic characteristics of the European economy assuming that the RoW (the USA) features
faster adjustment of prices and wages (lower relevant Calvo parameters in Table 1).

In the above setting we consider various shocks: common and asymmetric positive technological
shocks in the tradable final and intermediate goods sectors in different economies, an exchange rate
shock, a monetary policy shock and a preference shock to consumption, which will be explained
in the following subsections. All the figures are gathered in Appendix E.

11.1 Technological shocks
11.1.1 Technological shock to tradable final goods sector

First, we consider a positive technological shock in the production sector of tradable final goods
hitting (1a) all three economies at the same time, (1b) only the small (open) economy, (1c) only
the RoMU and (1d) only the RoW. Figures 1-3 show the adjustment of the main variables for all
these shocks.?

Common shock (1a) has by far the biggest impact on aggregate consumption (see Figure 1)
and most of other variables considered. This effect is expected, as the production capabilities
of tradable final goods grow in every economy, increasing their consumption all over the world

2'Tn the very near future, we would like to compare both approaches in an empirical setting using the Dynare

software (see Juillard (2005)).
22Monthly exchange rate data is published on the Fed webside: http://research.stlouisfed.org/fred2/series/EXUSEU?&cid=15.
23For a similar productivity shock in the setting with non-tradable goods but without intermediate goods, see

Selaive and Tuesta (2006).
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via export channels (consumption disaggregated into tradable and non-tradable components is
shown on Figure 1). Obviously, CPI inflation is negative in every economy (Figure 1). What is
interesting (and common for all positive technological shocks in the production of tradable final
goods (1la-1d)), is that increased consumption of tradable goods raises (of course, to a lesser extent)
consumption of non-tradable goods in both MU economies. This indicates that the substitution
effect is lower than the income and habit formation effects (in total consumption), which does
not occur in the RoW. Figure 2 presents output, labor and wage inflation in all final production
sectors. As expected, production of tradable final goods increases, employment decreases and wage
inflation is negative.

In spite of the symmetric shock, asymmetric economies (in terms of size and partially in terms
of structure) react differently, mainly due to different reactions of both CBs, which drive the
exchange rate via the UIP condition out of equilibrium (Figure 3). Both monetary policies are
expansionary (loosening) and rather similar.

Considering shocks (1b-1d), it is clear that asymmetric shocks, hitting only one country at a
time, have considerably lower impact on the economic systems than the common shock. The main
finding is that the economy of the RoW is more influenced by the asymmetric technological shock
that hits its F'T sector than economies of the MU. As expected, the union is a net lender when
one of its countries is hit by a positive technological shock and it is a net borrower when the RoW
is hit by such a shock.

11.1.2 Technological shock to intermediate goods sectors

Second, we consider a positive technological shock either in the production of tradable intermediate
goods (shock (1e)) or non-tradable intermediate goods (shock (1f)) of the home country. Lower
prices of tradable intermediate inputs caused by shock (le) decrease marginal costs and prices
in both tradable and non-tradable final goods sectors so that output is cheaper and increased.
Negative inflation leads to loosening of monetary policies as in the technological shock to final
goods sectors in the previous subsection. After initial appreciation the exchange rate depreciates,
which makes the MU goods to be more competitive in the RoW inducing export at the expense of
domestic tradable consumption. This explains the increase in consumption of tradable final goods
abroad and counterpart decrease in the MU. Depreciation of the MU currency has additional effect
on domestic consumers who become net borrowers in spite of increasing export.

As expected, the effects of the shock to domestic non-tradable intermediate goods are the
largest in the home country. As it is assumed that non-tradable intermediate goods account for
one half of input demand, the shock in the VN sector has a bigger impact on final goods production
in both F'T and F'N. In these final goods producing sectors labor is substituted by now relatively
cheaper intermediate inputs (as for example capital stock).

11.2 Exchange rate shock

The exchange rate shock is modeled as a transitory appreciation of the MU currency. At the very
beginning the MU currency appreciates by 4% and the persistence of the shock is 0.85. Relevant
IRF's are presented in Figures 7-9.

The first observation is that both countries of the MU react in a similar way, which, in turn,
is opposite to the reactions of the RoW variables. From Figure 7, we conclude that an increase
in relative competitiveness of foreign (RoW) goods w.r.t. the MU has the following consequences:
consumption of tradable final goods grows in both countries of an MU, whereas it decreases in the
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RoW, making the aggregate quantities of consumption to increase and decrease, respectively. This
movement, in turn, increases non-tradable consumption due to the income and habit formation
effects, which, apparently, are stronger than the substitution effect. The increased export of the
RoW makes MU consumers to become net borrowers (negative NFAs positions).

Figure 8 presents the production side of the economy. As expected, decreased competitiveness
results in a lower production of tradable final goods in the MU and a higher one in the RoW. The
other variables also react in a way analogous to the consumption side of the economy. The above
results are comparable to those obtained by Erceg et al. (2005).

We observe very interesting effects in the adjustment of labor. In spite of the fact that there
is an increased demand and production of non-tradable final goods, the employment in this sec-
tor decreases (in the home country and the RoMU). That means that labor input for increased
production was substituted by cheaper intermediate goods imported from the RoW.

The exchange rate adjustment and monetary policies are depicted in Figure 9. The CB of the
union pursues expansionary (loosening) monetary policy to stimulate initially decreased output,
whereas the RoW’s CB restricts monetary policy in order to suppress inflation.

In the case of this exchange rate shock, we demonstrate the influence of the presence of tradable
intermediate goods on the behavior of the model. As it was mentioned in the introduction, Dellas
(2005) points out that the presence of intermediate goods has vital consequences for the ability
of monetary authorities to manipulate nominal exchange rates. When there is no production
interdependence between countries (i.e. only consumption goods are traded) changes in a nominal
exchange rate do not affect production costs. However, when there is trade in intermediate goods
as in the real world, an exchange rate depreciation has adverse direct effects on the cost of domestic
production. Consequently, it makes the exchange rate instrument less useful.?

To verify whether it is also the case here, we construct a second version of our model, where
no tradable intermediate goods are present. More in detail, to make both versions as similar
as possible, we do not erase the VT sector completely but we assume that intermediate goods
produced in this sector do not cross the border, but are used in the production of final goods in
the domestic country. We also keep intermediate goods import sectors as such, but their role now
is not to import foreign intermediate goods, but to rebrand and repackage domestic intermediate
goods. In such a way, we obtain the version of the model which can be directly compared to the
original one. Additionally, also NFAs equations must be changed accordingly, as there is no more
trade in intermediate goods. However, this effect was not taken into account in the reasoning of
Dellas (2005), because imperfect risk sharing was out of his consideration. Without imperfect risk
sharing, indeed, we can expect that the presence of trade in intermediate goods is going to reduce
the response of the economy to an exchange rate shock. However, with imperfect risk sharing, no
trade in intermediate goods implies a lower deviation of NFAs (see Figure 7), which should lead to
a faster stabilization of the economy. Consequently, imperfect risk sharing can have a substantial
influence.

Dashed lines in Figures 7-9 present the relevant adjustments of the second version of the model.
Indeed, for most variables the model without trade in intermediate goods seems to be adjusting
slower than the standard model, which confirms the point of Dellas (2005).

24See Huang and Liu (2005) for a very good discussion of this issue.
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11.3 Policy shock

In the next step, we consider a (negative) shock to the interest rate of the CB of the MU. More
in detail, we simulate the loosening of MU (monetary) policy for the three Taylor-type rules
considered: (32) (Rule (I)), (33) (Rule (II)) and (34) (Rule (III)). We assume compatibility between
policies of both CBs in our model, i.e. in the case when the MU CB follows the first rule, the
RoW’s CB also follows the same rule.?

The general observation is that Rules (II) and (IIT) with interest rate smoothing (and, therefore,
with a higher persistence after the shock) have a lower impact on the economic system. Moreover,
Rule (III) leads to lower deviations from the equilibrium after the shock, which indicates that taking
account of wage inflation acts countercyclically and may reduce the instability of the economy.

Expansionary monetary policy of the MU’s monetary authority results in increased consump-
tion in the whole MU, which induces inflation, output, employment and wage inflation (Figures
10 and 11). Increased output and inflation make an initially expansionary policy to change into a
restrictive one after a while.

11.4 A preference shock to consumption

Next, we consider a preference shift shock which changes the relative value of consumption w.r.t.
labor by increasing the consumers’ marginal utility of consumption. In Figures 13-15 we present
and compare two shocks: (4a) hits consumers of the home country whereas (4b) hits consumers
of the RoMU. Their effects are comparable to a demand shock.?® In the case of the first shock,
consumption in the home country grows and this higher demand induces inflation. Moreover, since
domestic consumers have lower incentives to work we observe wage inflation, which aims to bring
a decreased employment to the initial level. The increased demand in the home country is not
matched by domestic firms (except for the non-tradable sector), but primarily by RoMU’s firms
which increase export to the market where prices become higher due to inflation. This leads even
to a temporary decrease in the RoMU’s consumption. To suppress inflation in both MU countries,
the CB pursues a restrictive monetary policy.

12 Econometric estimations

The model is estimated with an institutional setup that considers a small open economy being
a member of the EMU (The Netherlands), the rest of the EMU and the RoW (proxied by the
USA in our case). The data series included in our sample are quarterly data on real private
consumption, CPI inflation, wage inflation, nominal short run interest rate, tradable and non-
tradable intermediate goods running from 19707 to 2005" (see Appendix F). To get an idea
of the statistical properties (the degree of integration) of the sample variables, especially those
variables occurring in the monetary policy rules (32), (33) and (34), we performed augmented
Dickey-Fuller tests. As put forward in Section 11, the relative weights in the EMU-wide variables
in these monetary policy rules are presented in Figure 16 of Appendix F and good approximations
to the relative weights are 0.026 for n,and 0.3807 for nq, respectively. Applying augmented Dickey-
Fuller tests, we find that, except for the EMU wage inflation, all other EMU-wide variables are

25Our results can be compared to those obtained by Ortega and Rebei (2006, p. 44) for a local (domestic) nominal
interest rate shock.

20In fact, our results of the (4b) shock on the home country can be compared to those obtained by Erceg et al.
(2005) for the foreign demand shock.
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found to be integrated of order 1 at the 5% significance level.?” We estimate single equation
monetary policy rules (32), (33) and (34) using OLS in order to obtain preliminary values of the
ECB reaction parameters in setting the nominal EMU interest rate.?® This is useful for giving
support and setting monetary policy parameter bounds that govern prior densities to be assumed
in the simultaneous equations system Bayesian estimation (see further in this section). Our single-
equation estimated rules are as follows:

(i) Rule (I), i.e. monetary policy rule (32), using detrended data and in first and fourth
differences (for nominal short-term interest rates and annualized inflation rates, on the one hand,
and outputs, on the other hand) to get rid of possible seasonal integration, yields:

P = —0.00004 + 0,24 [0 068} + 0. 9327@2] + 0,047 [0.068y], +0.932y7,]
(—0.26)

+0,038 0,068y, +0.9324%,],  R*=0.65 (35)

and

Afyyq = —0.000898 + 0.089A [0 068} + 0. 932@(,2] +0.007A, [0.068yT, + 0.932y7 ]

(—5.0) (2.06) (0.845)
+0.0364, [0.068yR, + 0.932y,] R® = 0.265. (36)

(ii) Rule (II) (33) is the above Taylor rule with smoothing, yielding:

Prasr = 1.59.1076 4 0.049 [0 068} + 0.9327 Ut] + 0.03 [0.068y,{t +0.932y7 ]

(-0.01) (2.48)
045 [0. 932 AT, = 0.
+ (24(_)2 8)5 0.068y,, +0.932y[,] + (9123)7} Lt R 0.83 (37)

and

Afyyp1 = —0.000517 + 0.083A [0 0687} + 0. 932w§,§] + 0,003, [0.068y7, + 0.932y7,]

(—2.82) (2.77)
+0,022 [0.068y,, + 0.932y),] + 0.26: 263A7_14, R? = 0.37. (38)

(iii) Rule (III) is estimated with total EMU wage inflation, since both the tradable and non-
tradable EMU wage inflation rates are treated as unobserved variables. Using detrended series
and appropriately differenced series to estimate (34), we find:

Popor = 1.7.1075 + 0.05 [0 0687") + 0. 9327”(]3] ~ 0002 [0 0687, Y + 0.93271 Y
(0.016) (2.47) ~0.13)

o
+ (()ﬂi)% [0.068y;, , +0.932y],] + %QQ%? [O.O68yh7t +0.932y), ] + (()1.07'94%@_1,“ R?*=0.83 (39)

2TIn the EMU series in levels, the null of the unit root cannot be rejected: (i) EMU interest rate (with p-value of
0.27); (ii) MU annualized inflation (with 0.33 of prob.); EMU output (with 0.8 of prob.). EMU wage inflation is at
the edge (with 0.05 of prob.). All the series become stationary after taking first differences.

Alternatively, we checked stationarity properties of the detrended part of all the series (using the standard
Hoddrick-Prescott filter with A = 1600) and we found that the cyclical part is always stationary.

Stationarity results for the RoW (USA) series are similar to those of the EMU.

28The evidence shown in the previous footnote suggests that, in order to estimate monetary rules using OLS, we
must use either data in differences or the detrended part. We performed both possibilities.
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and

Aty py1 = —0.000460 + 0.081A [0.0687r,§42 + 0.932&2} 40.024 A [0.068&(“) + 09327V
(—2.46) (2.73) ’ ’ (1.35) ’ ’

T T N N
+ O@QOQ%M‘l 0.068y; , + 0.932y/,,] + (2.2%26)1A4 [0.068y,, +0.932y],] + Qé26§§ﬁrt—1,t,
R? =0.37. (40)

Similar equations are derived for the nominal short-term interest rate of the Federal Reserve
Bank (Fed).

These estimators are very useful to establish the parameter bounds of the assumed prior den-
sities. Next to the arguments put forward in Section 9, the parameter values in (35), (37) and
(39) are lower than those reported in the literature, which is very probably due to the method of
filtering used (Hodrick Prescott).

A large number of parameters is involved in DSGE models and, particularly, in our three-
country model. Therefore, it might not be trivial to know a priori the set of model coefficients
assuring the rank condition for the solution of forward-looking (jump) variables (see Blanchard
and Kahn (1980)).%

To estimate the model, it is transformed in the state space form. The set of variables can either
be observed or not: (i) observed, i.e. taken from national accounts databases and (ii) unobserved,
or the rest of the model variables. In order to compute the joint sample likelihood and get the
estimators, we use the Kalman filter. The paper by Ratto et al. (2005a) discusses this method
in detail; moreover, their and our computations are performed using the DYNARE toolbox for
Matlab (see Juillard (2005)).

In Table 1 in Appendix G, we inform about prior densities of the ‘deep’ structural parameters,
AR coefficients of autocorrelated shocks and standard deviations of these shocks. Observe that
several structural parameters are fixed rather than attributed a prior density. Following Ortega and
Rebei (2006) and other authors, we calibrate these fixed parameters to those found in the literature.
When this is the case, there is no standard deviation (SD) declared between parentheses in Table
1, since it is always zero then.

In order to obtain Bayesian estimates for the whole system we formulate independent prior
densities for each of the 36 model parameters in the case of the first monetary policy rule; 38 in
the case of the second monetary rule and 40 in the case of the third monetary rule.>’ The choice
of these prior densities is based on the literature mentioned in Table 1 of Appendix G. Notice that
most of these prior densities are relatively uninformative.

Overall, the posterior densities are quite sensitive to the assumed prior densities as also dis-
cussed in Onatski and Williams (2003), Smets and Wouters (2003), Lubik and Schorfheide (2005)
and Levin et al. (2005). Point estimates of the posterior means and corresponding standard errors
and of standard deviations of the shocks are conditional on the estimation methodology, the sample
(duration) and the values of calibrated (non-stochastic) parameters.

In Table 2 in Appendix G, we report estimates using the Bayesian estimation procedure. In
particular, we report estimates of the complete NOEM model taking account of the historical
monetary policy rule where the ECB and the Fed systematically smooth the nominal short-term

2Ratto et al. (2005b, p.14) check systematically for all parameters and determine which of them are more likely
to lead to indeterminacy.

30Compare to Table 6 in Levin et al. (2005), where 31 parameters are assumed to have an independent prior
density.
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interest rate (Rule (II)). Estimation results using model version with Rules (I) and (III) provide
us contradictory results and are not reported.®!

Assuming that the ECB and the Fed are committed to Rule (II), the Bayesian estimation
results are reported in Table 2 in Appendix G. In general, the application illuminates on the deep
parameters, mainly of The Netherlands being the small open economy studied. Our discussion
restricts to the parameters being estimated significantly different from zero. The Dutch consumers’
risk aversion parameter is estimated at 2.005, very close to the assumed prior. Furthermore, the
degree of Dutch consumer habit persistence is estimated at 0.602, which is significatively large
than the prior mean of 0.5.%2

We focus on rigidity parameters governing prices of final and intermediate goods and wages in
the three countries. Assuming identical prior values and densities for the NL and the RoEMU,
point estimates are quite accurate, finding evidence that the NL show more stickiness in prices
than the ROEMU (on average the NL reset FT and FN prices every 2.44 quarter vs. 2.18 in the
RoEMU and 1.53 quarter in the US). Regarding VT and VN stickiness, on average in the NL
these intermediate goods sectors reset prices every 1.53 quarter, in the RoMU every 1.65 quarter,
and in the US every 1.63 quarter. These results are consistent with the common wisdom that
intermediate goods markets are more competitive than final goods markets and with a very small
disparity among countries. Finally, regarding wages, the same ordering as in final goods sectors
remains: on average the NL reset wages every 1.90 quarter, the ROEMU every 1.80 quarter and
the US each 1.56 quarter. Regarding the reaction parameters that shape monetary policy Rule
(IT) for the ECB and the Fed, we find estimates of the posterior means for the CPI inflation, 19{{[]
and 1!, and smoothed interest rate reaction parameters, 947, and ¥j’, that are in the very
neighborhood of the prior means with (very) low standard errors.*

The reaction parameters for tradable and non-tradable final output in the EMU (US), 95},
and 947, (035, and ¥§%;) depart from the prior means, but show extremely (and incredibly?) low
standard errors. Moreover, the standard deviations of the shocks are not significantly different
from zero.

13 Concluding remarks

In this paper, a New-Keynesian open economy (NOEM) model for three (regions of) countries
was constructed with a detailed treatment of the consumption and production sectors involving
tradable and non-tradable final and intermediate goods under several sources of stickiness (the
most important of which are Calvo-type nominal price and wage restrictions). More in particular,
in our setting we model a small open economy being a member of a monetary union, the rest of
that monetary union and the rest of the world. Historical monetary policy rules, derived as direct
extensions of the familiar Taylor rules, are added to the model, assuming full commitment to these
rules by the two central banks involved. More in detail, we studied three types of Taylor rules: (i)
a simple Taylor rule based on deviations of CPI inflation and output from the steady state, (ii)

31Remark that, obviously, also NOEM models with different types of monetary policy rules for the ECB and the
Fed (e.g. Rule (I) for the ECB and Rule (II) for the Fed, etc.) could be considered. Although this seems very
relevant from an empirical point of view, we do not perform this here to save space and time and leave it for future
experiments.

Results considering Rules (I) and (III) can be obtained from the authors by simple request.

32This value is somewhat smaller than the value 0.65 as assumed in Dellas (2005).

33 Comparing with the OLS results in equation (37), we find a very similar reaction parameter for the smoothed
interest rate (but not for the reaction to the CPI inflation).
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similar to (i) but including (nominal short-term) interest rate smoothing and (iii) similar to (ii)
but including wage inflation.

A full characterization of this three-country setting is derived as a set of dynamic non-linear
equations. Then, the complete structure is log-linearized and the impacts of various types of
shocks are analyzed and simulated: (i) common and asymmetric positive technological shocks in
the tradable final (intermediate) goods sectors in different economies, (ii) an exchange rate shock,
(iii) a monetary policy shock, and (iv) a preference shock to consumption. The impact of these
shocks is illustrated with graphs of the impulse response functions based on numerical simulations.
In most of the simulations (except for shock (iii), where we compare different rules with each
other), we assume that both central banks follow the second type of Taylor rule.

The results of our simulations, conditioned on the assumed parameterization, can be summa-
rized as follows. A positive technological shock hitting all the economies at the same time has a
much stronger impact than similar country-specific technological shocks. What is interesting, in
particular, is that both monetary policies are expansionary (loosening) after a positive technolog-
ical shock which increases outputs. This happens because output increase is offset with deflation.
A similar behavior of central banks is noticed after a positive technological shock in intermediate
goods sectors.

After an exchange rate shock (appreciation of a monetary union currency), the central bank
of the monetary union pursues an expansionary (loosening) monetary policy to stimulate initially
decreased output, whereas the central bank of the rest of the world restricts monetary policy in
order to suppress inflation.

The general observation from the comparison of different monetary policy rules is that rules
with interest rate smoothing (and, therefore, with a higher persistence after the shock) have a
more moderate impact on the economic system. Moreover, a rule including wage inflation leads
to lower deviations from the equilibrium after the shock, which indicates that taking into account
these variables acts countercyclically and may increase stability of the economy.

In the case of this exchange rate shock, we demonstrated the influence of tradable intermediate
goods modeling on the behavior of the model. To do that, we constructed a very similar setting
with only one difference - previously tradable intermediate goods were not tradable but were used
in the production process of the origin country. Our simulations confirm the proposition of Dellas
(2005) that the presence of intermediate goods can have important (negative) consequences for the
ability of monetary authorities to manipulate nominal exchange rates (in our model via the UIP
condition). Our model with intermediate goods appeared to be more stable after an exchange rate
shock than the model without intermediate goods. All the simulations have passed a moderate
robustness check w.r.t. main parameters and especially w.r.t. a relative size of countries.

Further insights about the asymmetric characteristics of the model are gained from the empirical
Maximum Likelihood and Bayesian model estimations of the deep structural parameters, applied
to a quarterly panel data sample (running from 1970%! to 2005?") of the Netherlands, the rest of
the EMU and the rest of the world (proxied by the USA).

Rule (IT) is the rule that yields the most consistent results. We find that the NL show more
stickiness in prices than the RoOEMU and the US. For the tradable and non-tradable final goods
the prices of the NL are sticky during 2.5 quarters on the average, while these prices in the US are
sticky during one quarter less. The price stickiness in the intermediate goods sectors is about one
quarter less than in the final goods sectors and very similar among countries, but somewhat less
sticky in the NL than in the RoOEMU. In setting wages, we find the same ordering as in the final
goods sectors: on average the NL reset wages every 1.90 quarter, the ROEMU every 1.80 quarter
and the US each 1.56 quarter.
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Finally, welfare maximizing optimal monetary policy rules are analyzed in the above mentioned
theoretical three-country framework.
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Appendix

A Net Foreign Assets in a 3-country setting

In this appendix we assume that all consumers as well as producers are symmetric and quantity variables are in
per capita terms; hence, we can simplify relevant notations such that the only difference is the size of the countries.
The active consumers’ budget constraint (CBC) satisfies from (1) for home country h:3*

C,h ~h h h Ah h Ah h
PO + Ey [Qh,t,tﬁ»lBh,tJrl} + Ey {QU,t,t«l»lBU,tJrl} + E; [StQW,t,tJrlBW,tH

+ MZLH — (1 =) Z Wth th - Tf?,t - BZL,t - Bl};,t - StBll}V,t - Mth = Bpt = 0. (41)
m=FT,FN,VT,VN

Similarly, for the RoMU and the RoW:

CU ~U U U AU U AU U
PmCY + Ey [QU,t,t+1BU,t+1] + Ey {Qh,t,t—t—lBh,H—l} + Et [StQW,t,t+lBW,t+1

+ Mt(-]i-l - (1—-m) Z Wth Z},t - Tg,t - Bg,t - B}[lj,t - StBII/{/,t - MtU —Bys =0, (42)
m=FT,FN,VT,VN

and

oW 1A A
PO + B [vig,t,tHBvVI‘;,h,tH] + E; [St 1QKt,t+1Bi‘:‘,}t+1} + Ey [St 1Q‘I/Jlft,t+1Bl‘},/t+l

+ Mtv-sl-/l - (1—=7w) Z anw},t 7I/rll/,t - TIEI//V,t - BVMI;,t - Slem - Sle[‘/J‘ft - MtW —Bw,: =0, (43)
m=FT,FN,VT,VN

respectively, where, according to the risk premium definitions, we have:

Qi = L+ ) = [l O )] (44)

Q{;V,t,tJrl =(1 +f{/LV,t,t+1)_1 = [F}I;V,tJrl(')(l +7"Z{2+1)]_1 (45)

QLo =+ ) = [PV O+ reagn)] (46)

Qprpr =+l ) = [Pl O+, )] (47)

Q=) = P O+ reagn)] (48)

QW=+ ) = [P O 4 )] (49)
(

with ,f’[},t_~_1(.)7 F}I}V,H-l(')? F,[it+1(.), F%,t+1(')’ F,‘i[jt+1(.) and thH .) relevant risk premia and r¢ ;41 and T}’}QH
the MU and RoW nominal interest rates, respectively.?®
Introducing balanced governments’ budget constraints (GBCs) from (9):

Mth+1 - th + Th Z WZ"t an - Tf}f,t + By [QZ,t,t+lBZ,t+1]
m=FT,FN,VT,VN
_BZ,t + Et [Q}[{,t,t-'rlB}[Lj,t-‘rl] - B}Izj,t + Et [QKt,t+1B}m+1:| - B}‘z}[,/;f = 07 (50)
Mgrl - MtU + U Z Wl?}t Tl}l,t - TIIJJ,t + Ey [Qg,t,tJrlBg,tJrl]
m=FT,FN,VT,VN
_Bg,t + Et [Q}[b,t,t—HBl}},t—&-l] - B(]},t + Ey [QKt,t-&-lBl‘}/Hl} - Bg,/t =0 (51)

34Recall that stock variables are measured at the beginning of the period, so that Mth_H, Bl’} ++1 and B"}V ++1 are decision variables
in period t and are defined without conditional expectation operators.
35See (25) for an exact definition of risk premium functions.
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and

w w w w w
ML, — M) + 1w Z WIZVn,t %,t - TW,t + E; [QW,t,tHBW,tJrJ
m=FT,FN,VT,VN
Ah h L A
*BVVI‘;,t + Ey {QWJ,H»lBW,tJrl} - BVLV,t + Ey Q%J,H»lBI[/JV,tJrl} - BI[/I]/,t =0, (52)

we may subtract each country’s balanced GBC from each country’s active CBC to obtain three bilateral NFAs
equations:

_ pC,h ~h m rm
0=P"C/ — E Wh,t hit
m=FT,FN,VT,VN

+ (Et [Q}I},t,tHBg,tH} —E; {Qil{,t,tHBlg,tHD + (B}[L],t - Bg,t)

+ (Et [StQ{?V,t,tHBgv,tH} —E; [Qm,tHBmHD + (B, = SiBiy1) — B, (53)

_ pCU~~U m rm
0=P"Cy — § WU,t Ut
m=FT,FN,VT,VN

(B @R o Bl s | — B [Qb i Bl i ]) + (Bl — BYL)
+ (Et {SﬁQ%,t,t+1ByV,t+l} - b [ngt,t-HBE[,/t—o—l}) + (BU: — StBiyy) — Buy (54)
and

_ pCOW W m rm
0=P""C/ — E WLy
m=FT,FN,VT,VN

b (B [57Q B ] ~ B [ Qs Bl ) + (Bl — 57 B%)
+ (Et {Q%,t,tJrlB![/]V,Hl} — By [SleEft,tHBz%HD + (S:Byy — SeBis) — B (55)
Assuming that all domestic firms are symmetric, we derive from Sections 5 and 6 and from Plasmans et al.

(2006a) that the nominal benefits By, ;, By, and By, in (53), (54) and (55), which the consumers get from their
entrepreneurial activities, can be expressed as follows, e.g. for the home benefits:

_ CcT1 ~CT CN+y-CN vTl ~ VT VN1~ VN m rm FT,hy,FT,h pFN,hy,FN,h
Bh,t - [Ph,t} Yh,t +Ph,t Yh,t + [Ph,t] Yh,t + [Ph,t ] Yh,t - § Wh,t h,t 'Pv,t Vi 'Pv,t Vt
m=FT,FN,VT,VN

MFER] X,CT,h X,CT,h T.h ~T.h
+ ([prme] - 1mEeme SRS ) T O

!
MV,h X,VT,FT,h pX,VT,FN,h X,VT,FT,h X,VT,FN,h T,FT,h 1,T,FN,h ,T,FT,h 1,T,FN,h
+ ({Pt } - [PU,t 7PU,t vStPW,t >StPW,t }> [VU,t >VU,t 7VW,t ’VW,t }/-
(56)
We can disaggregate the intermediate tradable goods terms in (56) in quantities from the CES intermediate
input index (11) and the corresponding prices also defined in Subsection 5.3.1 of Plasmans et al. (2006a):

VTl VT FT,hy,FT,h __
Pril Yini =Py, =
VT, FT,hy,VT,FT,h VT,FN,hx VT,FN,h X, VT, FT,U~,VT,FT,U X,VT,FN,Ux,VT,FN,U X, VT,FT,W+,VT,FT,W
=P, Y, + P, Y, + P ; Y, i + P Y, + P, Y,

X, VT,FN,W+,VT,FN,W VT, FT,hy,T,FT,h VN,FT,hy,N,FT,h VT, FT,hy,T,FT,h VT, FT,hy,T,FT,h
+P, Y, - By, Vit - Py, Vit - Py, Vi - Py Viv'e (57)
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and, similarly, for the intermediate non-tradable goods terms in (56):

! FN hy,FN,h
Py Yy Y — Py =
_ PVN FT hYVN,FT,h PVN FN hYVN,FN,h

VT,FN,h TFNh VN,FN,hi,N,FN,h VTFNh TFNh VTFNh TFNh
=P, Vii =P, VY - Py Vi — Py Viv/ (58)

Adding expressions (57), (58) and the two last terms of (56), which constitute benefits of import sectors, and

T,FT, T,FN,
YV h YV h

since, at the home country equilibrium, we assume from equilibrium conditions (15) and (16) that | ,

T,FT T,FN, VT.FT, T,FN, T,FT,h 1,T,FN,h 1,T,FT T.FN, T.FT, W N,

YhV JFT,U YV U Y w YV W] _ [Vht’ ) V]—L ; ) Vh t, U V U V Vh 1; W] and
VN.FT.h AVNFN Ly, N.FToh {rN.FN.h S ’ ’ ! .

Yy, .Y I'= [Vh . Vh .~ "], and similarly for the RoMU and the ROW, we may rewrite this sum,

taking account of CES input aggregator (11), as
_ 1 FT hy FTh / FN hy,FN,h
Sne=[Pri] Vi = Py "V + [PUTT VI, = Pyt

_'_([Pé\/IF,h}/_[PXCTh S,P XCTh]) [CUt,C hy

!
MV,h X, VT,FT,,h X VT,FN,h X,VT,FT,h X,VT,FN,h T,FT,h ,T,FN,h 1T, FT h /T, FN hr
+ ([Pt } - iPU,t P StPW,t StPW,t i) [VUt VUt V V i

VT,FT,hy,T,FT,F VTFNh T,FN,h XVTFTU TFTU X,VT,FN,U TFNU X, VI, FT,Wy,T,FT,W
=P Vi, "+ P, Vi + P, Vi, + P, Vi, + Py Vi

PhXt,VT,FN,WVT FN, W P;/tT,FT hVT FT, h PVN,FT hVN FT,h PVT,FT hVT FT,h PV\;?FT hVT FT,h
PVN PT hYVN FT,h PVN FN hYVN FN,h
T,FN, TFN N,FN,hy,N,FN, T,FN TFN T,FN TFN
PV hV h PV hV} h PV hV h PV hV h

Th T,h ~T,h X,CT, h X T,h ~T,h
C C C T, ,CT, C *St C oLk

Ut + P wit LUt Wt
VT,FT,h TFTh VT,FNh TFNh VT,FTh TFTh VT,FN,h TFNh

Py, Vi + Py, Vi + Py, Vv PW’t Vv
L)]%VT,FT hVT FT h P[ﬁVT,FN hVT FN h ~ P X VT FT, hVT FT,h ~S,PY pX VT FN h,VT FNh (59)
where we used the export price notations for final and intermediate goods produced in the RoW from Plasmans et
al. (2006a).

Canceling terms in (59), taking account of equilibrium conditions (16), only international trade terms are
remaining:

T h T h X T,h pX.CTh
Sy = PSTMChY + PSR O erholh — 5Py CTtrel

X,VT,FT TFT X TFN TFN X T,FT TFT X TFN TFN
P t,v , ,UV U P \% UV U P V WV w P \% WV w
X,VT,FT,h T,FT,h X,VT,FN,h T,FN,h X VT FT,h T,FT,h pX VT FN,h T,FN,h

Ut VU t —tut VU t St VW,t St VW,t

CT h CT h X,C'T,h , X,CT,h
C C Ut CU,t - StPW,t C + NXh to (60)

where

X,VT,FT,U TFTU X, VT ,FN,U TFNU X, VT, FT,W TFTW X, VT FNW, T FN,W
NX}‘L/tT:P}n; T V Pht’ s ) V P ’ BT V P , s ) Vh; ,

X,VT,FT,h TFTh X,VT,FN,h TFNh X VT FT,h T,FT,h X VT FN,hy,T,FN,h
Ut Vo, - Py, Vo, — S¢P Vive — S¢P Vv (61)

is the home country’s net export of tradable intermediate goods in period t.

Finally, using the equilibrium conditions (13) and (14) for the home country such that [YCT’h YCT’U YCT’W]'

= [Cg’th, Cg’tU, sz;is ] and Y C,f\’,, we can rewrite total benefits (56) of households in the homc country as:
B, thT hCh o i(tCT,UCht X,CT,WCT,tW CT hCUt P CT hC XCT hO R XCT hC
CN AN 1%
+ Py Oy — Z Wi L'y | + NXh,tT- (62)

m=FT,FN,VT,VN
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Similarly, all firms in the RoMU and the RoW are also assumed to be symmetric with benefits:

L CTU ATU X,CT,h ~T,h X,CT,W ~T,W CT\U AT, U CTUATU  X,CTU ~T,U
Buw =Py, Cyy +Pry 7 Cyy + Py Cuv +B, Gy + Py Cwy — Py Chly

X, CT,U ~T,U CN N m rm vT
—SiPyy Oy + Puy Cyy — E WL | + NXg, (63)
m=FT,FN,VT,VN

and
 LCTW ATW | pX,CToh Toh | pX,CT\U ~T,U CT\W ~T,W CTW ATW a1 pX,CT,W ~T,W
Bw:= Py, " Cwy + Py Oy + Py Cwy + B, Cy Py Oy =5 By Chli

—1 pX,CT,W ~T,W CN ~N m rm vT
=S¢ Py Cuv + Py Cwy — E Wi Ly, | + NXy,. (64)
m=FT,FN,VT,VN

Now, substituting these benefits (62), (63) and (64) into the NFAs equations (53), (54) and (55), and assum-
ing that the conditional expectations of the stochastic discount factors are all mutually pairwise equal between

countries, i.e. E; [Qg,t,t—kl} = F; [Qfl{,t,tﬂ} =F {QhU,t,H»l}a Ey [Q%,t7t+1] = F; {Qm,tﬂ} =F {QhW,t,Hl} and
E, [ng,tﬂ} =F, [QA‘{]‘QJH} =F, [QUW’t,tH}, we get for the home country:3°

0= Ptc’hcth — Z Wi Ly

m=FT,FN,VT,VN

+ By [QhU,t,tH} (Bti},tﬂ - Bi[L],t+1) + (B}[L],t - B[}},t)

+ E; {QhW,t,tJrl} (StBiyi1 — Bilia) + (BYY, — SiBiy,)

- (P,ftT holh 4 pXOTU Ol o pROTW W oy pSTh el + Pg,z’hCVTV’”;)

CN AN X,CT,h ~T,h X,CT,h ~T,h m m VT
— (Pyy Gy — Py Cuy = SePyy Oy — E Wi Lty | + NXp i),
m=FT,FN,VT,VN

or, recalling that PC"Ch = P,S’:tT ’hC}::’th + Pg tTthth + nghC‘,TV}; + PENCY, and cancelling terms, we get:

0=F; [QhU.,t,tJrl} (Bpis1 — Bi 1) + (B, — Bry)

+ By {Qhw,mtﬂ] (SeBiye1 — Bhes1) + (Bi — SiBiyy)
- (NX;{ + NX)T), (65)

where

NXFT = BYCTOCEY 4 BT OEY - (PECTRCEY + SiPECTCRE) (66)
is the home country’s net export of tradable final goods in period t.
Notice that .
E, [QhU,t,t+1} (B{L;_’Hl — B;[itﬂ) + B [QhW,t,t—}—l} (Sthv,t+1 — B,‘ftﬂ) + (Bf[it - Bg’t> + (BZVt - StB{/LV’t>
is the variation in the total NFAs position that, in equilibrium, is equal to the sum of tradable final and
intermediate net exports.
Similarly, for the RoMU and the RoW:

36Note that the restrictions on the expected stochastic discount factors do not imply that the interest rates r¢ ¢11and rm+1are equal!
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0= Et {QhU,t,t+1] (B}(L],t+1 - BZ,tJrl) + (B(}},t - Bi[L],t)

+ E; {QhWt t+1} (Sth[/JV,tH - BE,/H»I) + (Bg,/t - StBt(/]VJ)

— (NXET 4+ NXYT (67)
and
0= B¢ [Quweasa] (S Bl = Blyyan) + (Bl — 7B
+ E; [QUWt t+1} (S 'Blis1 — Biveyr) + (B, — S; 'Byy)
(68)

— (NXEL + NXY; )
Recalling that, all over the world, the sum of exports is equal to the sum of imports, or:
NXFU+NXYT+ NXET + NXYT + NX + NXyh =0,

the sum of NFAs equations (65)7 (67) and (68) becomes:

0=E; [QhUt,t-&-l} (Blr,it1 — Bl i41) + B [QhW,t,t—&-l} (SeBiys1 — Bhgs1) + (Biiy — Bire) + (Bhy — SiBiyy)
E, [Q;LU t,t+1} (BY 111 — Blryy1) + B [Qhw,t,tﬂ} (SeBivs1 = BUlrs1) + (Biiy — Biy) + (BUy — SiBiyy)
E; [QhW,t,tH} (S; 'Biir1 = Biygs1) + Ei {QUWMH} (S¢ ' BUii1 — Bivesn)
+ (Bl — Si ' Byl) + (B — 8¢ ' By

B Net Foreign Assets log-linearization

Rewriting NFAs equation (65) for the home economy in real terms as:

(Blhf,t+1 - Bi[z],t+1) (Bi[zjt - Bll},t)

0= Et [QhU,t,t+li| CI + C,h
Pt+ll Pt+1
\E {Q } (StBI}/Lv,t-s-l - B}I:[,/tJrl) n (B}I:Vt - StBh ,t)
t hW,t,t+1 C,h C,h
Pt+1 Pt+1

Ch(NX T+ NXYD, (69)
t+1

we can log-linearize it by considering the behavior of domestic and foreign assets in the steady state.
To this end, we rewrite the aggregated first order conditions (6-7) for foreign assets in the steady state, for

symmetric consumers and taking account of risk premium definitions (44) and (45),

r _
— B\ hé[]h — Brl'n =0
rt ()
TnBwS o
L‘f‘{h — Bul'nS =0
pcy
w PC.h
h h
BMR) — Bu iy Bh(R) M, and considering that By = m and

Defining the real asset values as Ut = zcw @ ST
t t
hold together with the assumption that the intertemporal discount rates are equal over the world in

_ 1
Pw = 15w
the steady state,
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Br = Bu = Bw = B, (70)
(see Lindé et al. (2004)), it follows that the risk premia in the steady state are one, or:

ey (BS(R)) =1and (71)
F]I}V (E%R)) -1 (72)

The assumptions concerning the risk functions F Z() and F 7, (.) imply that B[’}(R) =0 and B%R) =0, or foreign
assets owned by domestic consumers are zero in the steady state. This is also so for the foreign consumers in the
RoMU and the RoW. Hence, the steady state of the real NFAs equation (69) is:

0=NX, +NX, . (73)
Applying the log-linearization rules from Plasmans et al. (2006a), Appendix B.1, (69) can be log-linearized
around its steady state (73), taking account of (70), as:

B+ B, 0+ Bogt L+ sy ) — b — o — bt — Y )

W,t4+1 ht+1 Ut

— FT — VT
~ NXh FT _  Ch NX}L vr _,Ch (74)
= “pCh NIy —Pef1) + POk NTp =~ Pey1) >

where from definitions (66) and (61), we find the log-linearized net export terms:

NX pX.OTU pX.CTW
h FT ch) _ 1h ~T,U (_X,CT.U , T,U C.h h ~TW ( X,CTW |, T,W C.h
- “h ¢ ey - +h & ey -
PC.h NTpt —Pey1) = pCh ~h Py ¢ Chit — Pit1 POk h Py ¢ Ch.t Pt
pX,CT,h S'PX’CT’h
U ~T.h [ X,CT,h | T.h C.h w ~T,h X,CT,h |, T.h C.h
—C —2
~ —pon YU Py Ty —Pef1) — PCh w (St TPws +Cwe — P
(75)
and
VT 5X,VT,FT,U
NX, VT cn\ b T, FT,U (X ,VT,FT,U T,FT,U C,h
nT \% + o —
PC.h hit — Piy1 POk h Pyt h,t P
pXVT.FNU
h 5T, FN,U ( X VT,FN,U T,FN,U C,h
+ BCoh Vi (ph,t t UL - Pt+1>
pXVIFTW
h yLFTW (X VT.FT.W T,FT,W C\h
+ PO h Dt T, — Pif1
pXVTFNW
4 Lh yLENW (X VT.ENW  TFNW _ Ch
POk h ht Uh.t P
PpXVT.FTh
Iy yIETh (X VT.FTh | TFTh . Ch
PC.h U Py Vo Piia
pPXVT.FNh
U &T,FN,h ( X,VT,FN,h T,FN,h C.h
-V +v -
PC.h U Py Uit Py
GPXVT.FT.h
W I FT.h 4 VT ETh | T FTh _ Coh
PCh w St T Pwy Ut Piya
EPX,VT,FN,h
W VTFN.h X,VT,FN,h_T,FN,h C.,h 76
- POk w St + Pwie Uyt —Pit1 ) (76)

where all the time-dependent variables in lower-case letters are logarithmic deviations of the original variables from
their own steady state, i.e. for any variable X; we have z; = In X; — In X.

PX,CT,UCT,U PX,VT,FT,UYVT,FT,U 3
In (75-76), all the steady state terms, as e.g. ~‘—pz72— and —* Foit , must be expressed in terms

of model parameters. In the following two subsections we will derive these steady state terms.
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B.1 Steady states of relative final goods prices

From Subsection 5.4 about marginal costs in Plasmans et al. (2006a), the steady state tradable final goods prices
for the non-producing importers in the RoMU and the RoW can be written from (65) in the above-mentioned paper,
as:

U
SCT,U HgT,h SX,CT.U . 5X,CT,U (GCT*h B 1) SCT,U
P = g e g g ™
QCT.h - 1) CT.h
_ oW L (GZ*VTJL - 1) _
PCTW _ CT.h S_1Pi(,CT,W N PX cT,W Wisphcnw’ (78)
(QEVT N 1) 0CT,,

= . ——MF,U ——MF,W . .
where PX CTU and Pf CTW are the marginal costs, MC, and MC}, , of the non-producing importers in

the ROMU and the RoW, respectively, and HgT_ 5, and 93}7 5 are the foreign households’ intertemporal elasticities of
substitution between two different consumption goods produced in the home country (8¢, 067, > 1).

Similarly, for the tradable final goods producer, we observe from (67) in Plasmans et al. (2006a) that the steady
state of her marginal costs satisfies:

1

- 1

FT| 5577

el = L ppralNTTT
h Z O

WET,h Qrrn

Since we assume that in the steady state there is no technological growth, or Q. = 1, we may rewrite the
above equation as:

0L, — 1)
—FT 1 —L 1 ( CT,h —
MC, = pgth [YhFT] TFTA =L P,LCT’h

WET,h 0cr.n

U —
(GCTﬁ 1) SX,CT,U _ Qg/T h IPX cT,w 79
T U Th - (gwi ’ (79)
CT.,h CT,h

so that from (77-79), we get:

(6&r.0—1) T h_ (087.0—1) 5X,CT.U 0G 71 CT.U_ 8&rn—1 5X,CT,W 087.n—1 cr,w
Senh prhit=ichh P e P _gwiPh =| 5w SPh . Hence, for

oh U
CT,h CT,h CT,h CT,h CT,h

the three countries we have:

CT,h 5X,CT,U SCT,.U X,CT,W & 5CT,W
IJCT hP = IJCT nEr (YJCT h) Py = IJCT hP (IJCT h) SP, ) (80)
CT,U 5X,CT,h SCT,h X,CT,W & 5CT,W
IJCT UP IJCT vl = (U}éT U) Py = IJCT UP (IJCT U) SPy; and (81)
CT,W 5X,CT,h 2 5-1pCT,h _ »X,CT,U 2 5-1pCT,U
IJCT,WPW —IJCTWP (IJCTW) S 1PW IJCTWP (IJCTW> S 1PW ) (82)

where the 1) s are appropriately defined inverted mark-ups and (80-82) represent relationships between tradable
final goods prices. Moreover, from the home country dual price relationship specification (13) in Plasmans et al.

(2006a), a relationship between the relative tradable and non-tradable final goods prices, (%) and ( PCZ) has
to be established. Rewriting (13) in Plasmans et al. (2006a):

1
PO _ [aT’h (pCT.,h)l”’C’h + (1 —arp) (P;?N)lfnc'h} IO With (83)
1
_ _ 1-nn _ 1—np 1—np | 1=np
POT.h _ [WZ (PhCT,h) i (n;& _ WZ) (PgT,h) +(1- nU) (PCT h) } , (84)
where nﬁ represents the part of the home country in the world, while n{} represents the part of the whole MU in

the world (including the small open home economy).
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We need to obtain the following four steady state price ratios:

5X,CT,U BX,CT,W 5X,CT.h &pX,CT,h
p; Py Py SPy,

PCh ' pCh ' pCh '  pCh °

which appear in the net export definition (75) for final goods, in terms of model parameters. To this end, we need
to define steady state "terms of trade" for final goods in the domestic economy:

N PCT,h , PCT,h
A -h _— W
T = 7P}?T’h and Ty = PhCT"h’ (85)
and the ratio of the steady state of tradable and non-tradable goods prices, Rj, = %.
h

»CT,h 5CN
First, we derive the steady state price ratios Ij%ﬁ and %, which can be obtained from (84), as:

5CT,h 5CT,h
P}L _ P}L
PC.h ~ _ ~ _ 1
{OéT,h (pC’T,h)l nok (1- OéT,h) (PhCN)l 7]C,hi| T=nc.n
) ik
_ 1 1-nc,n 1_"716',h
PETM oy + (1 — arp) (RT)
_ PhCTyh 1 86
- pCTh 1-nc,n 1*"llc,h ( )
|:aT,h + (1 —arn) (%) }
and
PhCN 5 \l1—7nc.h I’Tflc.h - CN
S = [aT,h (Rn) 1 am] : = ogY. (87)
pX.CTU ol pCT.h pOT.h pCT.h
Second, from relationship (80) it follows that ~5zm— = }JCgTT’hh How and noting that Horw = % and Sery = %,
s U w
»CT,h
we can obtain % as:
P pETh B
peTh 1—np 1—nn 1—np ﬁ B
5CT,} / 5CT,h 5CT,} ’ '
i (BET) T Gl =) (P () (P
1
= ; ! - = Ah,l- (88)
= —Nh = —Nn | 1=nh
[nf =+ (nlly = nlt) (7)™ + (1 =) (7)) ™™]
Hence, after substituting (88) in (86), we obtain:
5CT,h
Ph } _ Ah,] — @CT (89)
PC,h B 1 1-nc n 1—711(),h T Tl
|:05T,h + ({1 —arn) (ﬁ) }
and, therefore, from (80),
5X,CT,U h  pCTh h
Py B 0ér P e Q}CT (90)
_ = = = =0
peh UgT,hPC” IJ(U7T,h
- . proTw . .
Likewise, we derive ~t5z7—. Taking (80) into account, we get:
= 5CT,h
R 1o R 12 0T (91)
5 = 5 = hol-
poh nera P i,
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5X,CT,h &pX,CT,h
k] ) SP 3 il
%C,h and }pvc,h,

Ratios of export prices to home prices, , are derived using relationships (80-82),

pé(,CT,h PX,CT,h PCT,h PC,h

U U h h  ~hqCT
pCh pCTh pCh pCih =1¢r,uTyO),1 and (92)
U h
& pX.CT.h  gpX,CT.h 5CT,h pCih
SPy, _SPy Py Py hoCT (93)
PCh  —  pCT.h pCh pCh IJCTW Ww9h,1-
w h

B.2 Steady states of relative intermediate goods prices

Proceeding in a similar way as in Subsection B.1 and using the marginal costs specification in Subsection 5.4 in
Plasmans et al. (2006a), the steady state prices for the non-producing importers of tradable intermediate goods in
the RoMU and the RoW can be written as:

PVTFTU _ QgT,FT,h p}i(,VT,FT,U N PX VT,FT,U _ (g‘qTJ;T’h B 1) pYTFTU. (94)
(‘Q\[{'T,FT,h - 1) ovr

_ oY _ _ (QgT FN,h 1) _

P}YT,FN,U _ VT,FN,h P}f(,VT,FN,U N P}f(,VT,FN,U _ U ; P}YT,FN,U, (95)
(‘QgT,FN,h - 1) OVT,FN,h

_ ol o _ (Q\V}/TFTh_l) __

P}\L/T,FT,W _ VT,FT,h S—lpi(,VT7FT7W N P}f(,VT,FT,W _ Lk SP}YT,FT,W and (96)
(Q{//VT.,FTJL - 1) OvT.FT,h

_ oW, S _ (QWT,FN,h - 1) _

pVT.FNW _ VT,FN,h S_lp}f(,VT,FN,W N P}f{,VT,FN,W _ - SP}YT,FN,W7 (97)
(QWT,FN,}L - 1) OV T, FN,h

X,VT,FT, X,VT,FN, X,VT,FT,W X,VT,FN,W . .
where P v , Py v v og- 1p; and S™1P; v are the marginal costs for the foreign non-

producmg 1mp0rters of tradable mtermedlate goods from the home country, who, then, sell these goods on the
respective tradable and non-tradable final goods markets in these countries. Moreover, the gs in (94-97) are the
foreign producers’ intratemporal elasticities of substitution between production factors in the foreign production
functions.

For the domestic tradable intermediate goods producer we observe from (72) in Plasmans et al. (2006a) that
the steady state of her marginal costs satisfies for QVT,h =1:

h -1 h -1
WXT PVTh [YVT] WVT 1 _ QVJ;L,FT,h p;/T,FT,h o QVTh,FN,h p}}l/T,FN,h
WVT,h OvT,FT,h OVT,FN,h

- U h

2

U U U

_ Yyr FTR T 1PX,VT,FT,U _ O%yr FNh T 1PX,VT,FN,U [ vr,FTn — 1 pYT.FTU

U - U *'h -\ v h
Ovr,FT.h OV, FN,h

U
OV T, FT,h

h h -

2
U w w
[ %vr,FNR T 1 PpVT.FNU _ Ovr FT,n 1PX,VT,FT,W _ O9vTFENK T IPX,VT,FN,W
-\ v - w_ —w  *'h
OvT.FT,h OVT.FN,h

U
OVT,FN,h

w 1 2 w 1 2

% GpVT.FT.W _ OVT FN,R — GpVT.FN.W

=\ 7w h = W h )
Ovr,FT.h 9V T, FN,h

where Pg Tl s an aggregate price index for intermediate inputs, in our case equal to domestic nominal wages.

Defining 1 s as the inverted mark-ups for intermediate goods, we get:

VT,FT.,h _ _h SVT,FN,h _ U SX,VT,FT,U X,VT,FN,U SVT,FT,U
IJVT FT, hP =9vrrnaby =)y Fr, nPp IJVT FN, hP (IJVT FT h) P
U VT,FN.U _ X, VT,FT,W _ X, VT,FN,W
= (UVT,FN,h) P 1Z]VT FT, hP IJVT FN, hP
7 VT,FT,W VT,FN,W
= (IJVT,FT,h) SP (IJVT FN, h) Sph ) (98)
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_ _ _ 2 —
U PgT,FN,U — P[)](,VT,FT,h — Pé(,VT,FN,h . ( h ) Pl‘]/T,FT,h

nU pYTFTU _ =(y
vr,FT.ut U VT,FN,U VT,FT,.U VT,FN,U VT,FT,U
= (I.)]\z/T,FN,U)Q P[‘J/T’FNJL = UWT,FT,UP(?’VT’FT’W = IJ\V}/T,FN,UP[?’VT’FN’W
= (U\vyT,FT,U)Q SP[‘J/T’FT’W = (U{//VT,FN,U)2 SPI‘J/T’FN’Wv (99)
and
U‘\//VT,FT,WPV‘I//T’FT’W = IJ{//VT,}«“N,WPv‘l//T’FN’W = U\gT,FT,Wpé’VT’FT’U = HgT,FN,Wpé’VT’FN’U =
(UgT,FT,W)Q 5_1P‘)1//T’FT’U = (lilgT,FJ\/,W)2 S_lpv‘l//T’FN’U = U}&T,FT,WSP;’VT’FT’}L = IJ}XL/T,FN,WSPV)I(/VnFN’h
= (IJ}\l/T,FT,W)Z Silpv‘[//T’FT’h = (IJ}\l/T,FN,W)Q Silpv‘w//nFN@ (100)

Consider the log-linearized form (76) of NX'7, we need to find the following real export and import prices:

P}f(,VT,FT,U Pi(,VT,FN,U P;(,VT,FT,W P}f(,VT,FN,W
pCh ° pCh ' pCh ' pCnh

and

5X,VT,FT.,h X, VT.FN.h &pX,VI,FT.,h &pX,VT,FN,h
P Py SPy, SPy,

pch  pCh PC.h ’ PC.h
. . . . . pXVT,FT,.U
in terms of model parameters. To this end, we use equations (98), (99) and (100). First, notice that —-
can be rewritten as a product of relative prices:

POk

P}f(,VT,FT,U P}f(,VT.,FT.,U P}YT,FT,h P‘I;T,h PgT,h PhCT,h

PC.h ~ pVTFTh — pFTh  pET.h pCT.R pCih
h Vv Z h

P}YT’FT’h P‘};T,h PgT’h PhCTJL o1
U PFT,h PFT,h PCT,h pC,h : ( )
Dwrrrn by 7 h

h
_Dvr,FT

P’YT,FT,h

To find —SrrR—, we replace its denominator by the steady state of the dual CES price aggregator of the
\4
intermediate inputs from Plasmans et al. (2006a), egs. (60-61) for m = FT:37

1
_ 1=Xm,n — 1=Xm,n _ 1=Xm,n I=Xm,h
VT,m,h ’ VN,m ’ VT ,m,h ’ ’
Vm1,h (Ph ) + Vm2,h (Ph ) + Vms3,n (PU )

5m,h
P =
Vv — 1—=Xm,h )
VT,m,h ’
+ (1 — Vmi,h — Vm2,h — VmS,h) (PW )
or
PVT.FT.h PVT.FT.h
h _ h
pETAR 1— 1— 1— =7
v PYTETR) —XTE PYNFT R X PYT.FTR) X" XET.h
VrT1,h (£ + vrr2.n | £, +vrrs,n |\ £y

_ 1=xFrT,h
VT,FT,h :
+ (1 = vpri,n — VFT2,h — VFT3.h) (PW )

1
= - . (102)
1—xrrn PVN.FT,h\ 1=XFT,h PVT.FT.hN\ L=XFT,h T=XrT.1
verin (1) "+ VRT2.h (715%1”,;1) + VFT3,h (7P[{/T,FT,I-:,)
h h

pVT.FT.h 1—=XFT,h
+ (1 —vprih — VFT2,h — VFTS,h) (7P‘€//T,FT,}1)
h

37Which is the steady state of the dual function to the input relationship (11).
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Defining:

PYT.FTh pXVT.FT.h pXVT.FT.h
,RV — h “VT.,h _ 2 U and 7 _VTh w
h = ZVN,FT,h’ U = TSVT,FT,h = TSVT,FT,h *
P P, P,
h h h
the price ratio (102) can be written as:
SVT,FT,h
Ph 7 1 _ AVT,FT 103
—=FT.h 1 = V¥h1 . ( )
PV ’ 1—XFT,h _VT,h 1—xrr,n T=XFT.h
1 7 ’
VFT1,h + VFT2,h (*ﬁv) + VET3,h ( 0 )
3 Yvr,Fr,Uu

_VT,h 1=XFT,h

-

+ (1 —vpri,n — VET2,0 — VFTS,R) (711;1 )
JVT,FT,W

»FT,h —
To look for %, we replace the denominator by the disaggregation of Pg Toh (see eq. (50) in Plasmans et al.

z
(2006a) or the dual function to production function (10) in this paper), and we define the relative prices of inputs
in the production of tradable (non-tradable) final goods as A}} = % (ALY = V}Z; ) to obtain:
v

SFT,h SFT,h
Py Py

PFT,h - ' T
z T 1-vFT,h =FT.h\ ~FT: FT.h
|:ULFT7h (WFTJL) + (1 — ULFTJL) (PV ) :|

1
_ 1 —— =ofF. (104)
—YFT,h “YFT,h
[ULFT,h (Afg) +(1- ULFT.,h):| o

, we use the marginal cost expression (79) for the domestic tradable final goods sector at

T,h
Finally, to find £ Few

the steady state:

-1

h 5FT,h
POt — 0t n 1 D—,FT]#”—l pETH sz _ 0br 1 [}—,FT]#”—I . (105)
<90T § = ) WET,h PhCT’h (GCT b 1) TET,h

So, replacing (103), (104), (105) and (89) in (101), we obtain:

—1
=X,VT,FT,U h _
Py UVT FT,h G)vT FTe 0cr.n 1 (VT wrr ! o5 (106)

PCh h
1JvT FT,h (OCT,h — 1) WFT,h

The other real export prices follow a similar reasoning;:

Pi(’VT’FN’U P}f(’VT’FN’U P]:/T,FN,h 1551\7 sz\f PhCN’h

PC.h ~ T pVIFNK PEN PIN pONR poh
h h
-1
DVr PN FNoFN Ot nn 1 N R m—— |
=TT : ; @h,l 9h,2 : D/h ] FENR 9h 1> (107)
DVT,FN,A (92*1\1 b= 1) WEN,h

>X, VT, FT X,VT,FT T,FT.
P VT, W P Vv WPV hPFT PFT PCh

h _ h
pC.h  pVIFTh SET BT 5CH POR
P 2 PET  PLT PR P
-1
oh B L SX,VT,FT,W 5X,VT,FT,U
1J\/T FThGVT FT@FT CT,h L [V, =Frn 1 ocT = Pth S b, —
I, FTh (QZ‘T,}L _ 1) WETh 17 pXVTFT, P,
X,VT,FT,U
1J\/T rrn Py
and (108)

C.h
Y, VT,FT,h p
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5X,VT,FN,W 5X,VT,FN.W 5X,VT,FN,U U 5X,VT,FN,U
Ph _ Ph Ph _ I:]VT,FN,h Ph (109)
pC.H ~ B5X,VT,FN,U pC, I . pC, )
pen P, pen VYT, PN, P&
where we used the following definitions and identities:
5VT,FN,h
pyTEN. 1
FN _ 1y _
Ont = —5rvn ———.  (110)
v 1 1-XxFN,n h _VT,h 1-xFN,n | T=XFN,h
VFEN1,h + VEN2,h RV +VEN3 R \ DV P, uTy
h VTR L1TXFN R
+ (1 —vrN1h — VEN2,h — VFN3,L) <IJVT7FT7WTW ’ )
BFN
ofN = v 1 111
h,2 = PFN - 1 ( )
A PN 1—=vrN,h 1=-7pN.h
ULFN,h (Ah,g ) + (1 —vLrNn)
PEN 0 1 N7 —1
7z CN,h FN|=
L = [V, V] =Fnen and (112)
CN,h
P (951\1 W= 1) WFN,h
PN 1=n AN CN
> —NcC,h —NC,h —
=on = ([anh (Rn) +1- aT,h} > =ogV. (113)
Next, we look for the following import prices:
5X,VT,FT,h 5X,VT,FN.h &pX,VT,FT,h & 5X,VT,FN,h
PyY P SPyY SPyY
U __ U __ W_ and —%_
PC.h ’ PC.h ’ PC.h PC.h
Noting from equations.(98-100) that
5X,VT,FT,h U
Py _ Ovrrrn
PXVTFTU — _VT.h>
h Dvr rrnTu
. PXVTETh . N
the price 57— is expressed as the following product of relative prices:
5X,VT,FT,h 5X,VT,FT.U 5X,VT,FT,h U 5X,VT,FT,U
Py _b Py __Wvrrrh B (114)
pC.h - pC.h 5X.VT,FT.U — _VT,h pC.h
P P P, Dvr,rr,nTU P
Similarly:
5X,VT,FN,h 5X,VT,FN,U 5X,VT,FN,h U h 5X,VT,FN,U
P P Py __ WrreNaWrrEru D (115)
pC.h - pC.h 5X,VT,FN,U _ h _VT,h pC.h
P P Py, DyrenpOvT,FNUTU P
& X, VT,FT,h 5X,VT,FT,W 5X,VT,FT,h w 5X,VT,FT,W
SPW _ Ph PW o I.]VT,FT,h Ph (116)
PC,h - DC,h 5X,VT,FTW ~— _p _VT,h DC,h
P P b, Dvr rrnTw P
and

& B5X,VT,FN,h 5X,VT,FN.W 5X,VT,FN,h w h 5X,VT,FN,W
SPy, i Py, ~ YyrrEnpOvrrrw Py (117)
pC.h - BC.h 5X,VT,FN.W — _p h _VT,h pC.h :
P P Py, Dvr rNeOVT FNWTW P

The terms of trade of the final goods that consider the effect of the intermediate goods structure can be expressed
in terms of their marginal costs:

2
08T 1
. - L
~CT,h 1 FT=rr.U FT,U
PU N ((egT,U_l) wET, U [YU ] PZ

—h _—
v PhCTJ’ 087 1 D?FT] wFlT,h -1 P;TJ‘ ’
(Gh 71) WET,h h
CT,h ,

where
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FT,U SFT.,h pFT,U FT.U FT pFT,U
P prTh pETU pE it p

Z _ _ v
FT,h — FT,h 5FT,h 5FT,U — FT BFT.h
Py Py By By Ov2 Py
and
1
_ l-xr1,U _ 1—xFT,n _ l—xrr,U XFT,U 1L
VT, FT,U : VN,FT,U : VT,FT,U , .
VFT1,U (PU ) + VvET2,U (PU ) +vrr3u | P )
_ l—xrr,U
T,FT ,
pETY +( —vpri,u —VET2,U — VET3,U) (PV‘[// ’ ’U)
PFT’h 1—=XxFT,h 1-=XFT,h 1—=XFT,h X 5 —1
\% pVT,FT,h , PVN,FT,h , PVN,FT,h h FT.h
VrT1,h (£, +vrro.n | £, +vrrs.n | £y

_ 1=XFT,h
VN,FT,h :
+ (1 —vrri,n — VET2,h — VFTS,h) (PW )

VT,h 0¥ ey SV Iy VT,
~_VT,h)vr Fr,U vr,rr,u =VT,h
vET1U | Ty o +vrru | R T,

1-xrT,U XpT,U—1
T T
Vvr rFr,U U Vvr rr,U

" l-xrr,U " 1-xrr,U
VT,FT.} VT,FT.h
tvrrsu | 75 52 + (1 =vrrmu —vrre,u — vET3U) | e
5 (1 U ) ) ) s (1 w )
VVT,FT,h YvT,FT,h

w

_VT,h 1=Xxr1,n
) T
Vv FrT,w

T .
FVT.h )1XFT,h:| XFT,h—1

— 1_
1% XFT,h
verintveran (RY) +VFT3, B (7”% - + (1-vpT1,h-VFT2,h-VFT3,h) (

A similar expression can be derived for 7% and the terms-of-trades for the RoMU and the RoW:

oh 2
cT,W _ 1 —1
~CT,h 3 _ 1 [yFT=prrw FT,W
_h _ PW _ <(0’CT,W_1)) WET,W [YW ] PZ
W= = = ,
PhCT’h 0% 7 h L[y =L Pgth ’
(G’CKT h71) WET,h
where
FT,W SFT,h 5FT,W pFT,W FT 5FT,W
Py _Pv Pv Py _eh’QPV
FT.h — FT,h BFT.,h 5FT,W — QFT 5EFT,h
P, P, Pyt Py O Py
and
1
_ l—xrr,Ww _ l—xrT,W _ l1-—xrT,W XFT,U—1
VT,FT,W : VN,FT,W : VT,FT,W : :
VET1,W (PW ) + vETo,Ww (PW ) + vpraw (Ph )
_ 1-xrrT,U
VT,FT,U :
p‘ij,W + (1 —vrri,u — VrT2,Uu — VFT3,U) (PW )
PFT’h B 1=XFT,n 1-=XFT,h 1=XFT,h X 3 —1
\% PVT,FT,h h PVN,FT,h ’ pVN.,FT,h , FT,h
VET1,h | £ +vrro.n | £ +vrr3.n | £y

_ 1=XrFT,n
VN,FT,h :
+ (1 = vpri,n — VFT2,h — VFT3,1) (PW )

1
>1XFT,U XFT,U -1

VThIJ?/TFTU ey _VIJ?/TFTU VT,h
vrriu | Ty WT’FT’U + vrr2,U RUWT’FT'UT ’

ot l=xrr,Uu " l=xrr.U
VT,FT.h VT,FT,h
tvrrsu | 7o 5z + (1 =vrru —vrro,u — VET3U) | e

(’] VT,FT.h) (IJVT,FT,h)

T .
_VT,h 1—XFT,n —1
7 v ) XFT, :| XFT,h

5V\1=XFT,n 7V Tk L=Xr7.n
verintveren (RY) +vFTs3.n ( )

+ (1-vpT1,h-VFT2.-VFT3,h) (

T T
Vvr Fr,U Vv Frr,w
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B.3 Steady state of final consumption

Using the steady state price ratios, we are able to derive the steady state formulas for real aggregate consumption

demands (see equations (12) and (14) in Plasmans et al. (2006a)):

PCT,h

pCT,h —"Nh
~T.h _ h h ~T.,h _ _h —nn AT,h — . h—=hAT,h
G, =mny, CH" =mnp (Apa) ™ CF =npETCHT,

- pCT,h T
~T.h (. h h U T.h
Co = —m) | pezs | ©

ot

and

= (1= ndy) (FyAns) ™ CTh = (1 - nly) =

where we used (88) and terms-of-trade (85). Moreover:

oTh — a% <PC’1.17/}7»>770JL -

5CT,h
Py

5CT,h\ ~ '
Pt
h CT’h

PhCT,h PCT,h

(n}(} — nZ) (%(}}AhJ)_mL cTh = (ng — nZ) ESC_’T’h

PpCT.h ~Th PCT.h pCT.h —Nh
h W T,h _ h W h T,h
(1 _”U) ( i et = (1 - "U) pCTh pCTh c
h

—=h CvT,h
’

PC h
—nNc,h
PCT,h B
|:aT,h (PCTJI) —NCc,h + (1 _ aT,h) (PhCN) 77]C,hj| —NC,h
—Nc,h
1 —
= Qg Ch

1 1-nc,n 1_"716',h
arp + (1 —arp) (ﬁ)
= a]% (@3#)*71(:,;1 C’h = o/%EQC’h

and finally:

AN ny [ PEN o h PEN poTh O
Ch = (1 - O‘T) (pc,h> " = (1 - O‘T) (pCT,h PC.h > cr
where we used Ry, = %.

= (1 — o/}) gheh,

(118)

Summarizing, the steady state formulas of real consumption demands in terms of total consumption are:

T.h _  h—=hA~T,h
Ch = nhulc 5

~T,h h h\ =h ~T,h
Cyp = ”U—nh) =507,
~T,h h\ =hAT,h
CTh = (1 nlt) ERETH,

Similar derivations can be made for foreign economies yielding for U:
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and for W:

C'g’U = (nf —nf)EYCTY,

CTU = pU=y Ty

CTY = (1Y) =Y TV,
ch = (1- ag) =YCY and

AT.U _  U=UAU
C" =apE5C

CIW = (1 - nlf) W ETW,

~T,W
Gy

_ WeW AT W
=Ny Zo C s

CT’W _ ( w W) :WC_«T,W

Ny — Ny

O =(1-af)E¥CY and

CT’W WHWCW

Using the above formulas we can rewrite total production in tradable final goods sectors as:

~T',h ~T T, —_ —_
T=ol 4oV + CPW = nhEhah=b O 0l 2V oY

and

T _ C‘«[I]”,U + C—,T,h C_'T’W

U U

h

= (nU - ”h) E{ o= CY + (n’[l] - ”h) EyarERC" +

A similar expression is obtained for the

B.4 Steady state of the intermediate goods net exports

RoW.

(129)
(130)
(131)
(132)
(133)

We can rewrite demands for intermediate inputs in the production of tradable and non-tradable final goods from
Plasmans et al. (2006a), subsection 5.4 in the steady state as:

PFT,h

YFT,h
Y/ \/ ﬁ - she [y #
VITl = (1 —vpprp) (%m) Y77 = (U —wvppra) (O73) 7 [V FRT and

Z
PEN.R

—7YFN,h
_ _ 1 _ _ 1
e <PN> (VN7 = (U= vsew ) (OFF) 7 [N T

Z

Defining terms of trade for U and W as:

we can rewrite demands for particular intermediate goods inputs in the steady states as:

PVT FT,U
—~ T and TVT U — o
VT FT,U VT, FT,U°
P PU
VT, FT,W
Pi and TVT h — — o
VT, FT,W VT, FT,W
P PW
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— —XFT,h
P}YT’FT’h

_ —XFT,h _
T,FT,h FT,h _ VT,FT M S FTR
Vi =vrrih | —=Fr5— Vv = VFT1 (@ ) |
P ]
v
PVN.FTh TXFT,h T
N,FT h FT,h v VT FT s )
Vit =vpra = Vv =vpre (R, O}, v ,
pETh
SVT,FT,h\ ~XFT.h _
T, FT.h _ Py VFTh _ VT }L@VT FT\ XET:h VFT.h
Vir =Vrr3n | —=p77— VFT3,h )
: pFTh
pVT.FT,h TXFT.h
T, FT,h _ W FT,h
Vi = (1 = vpr1,n — VFT2,h — VFT3,h) —FT Vv
Py,
—XFT,h
VT,h VT FT e FT R
(1*VFT1h*VFT2h*VFT3h)( Oy, ) L
PpVT:FN:h TXEN,h X
—T,FN,h h FN,h VT FT\ XNE = pN R
Vi =VvrNih | = Vv =vrn1 (O, Vv
L PFN,h
v
SVN,FN,h\ ~XFN:h _
N, FN b, FN,h 1% VT FT\ XFNh =g
Vh = VFN2,h T —FNh V = VFN2 R @ 14
P,
SVT,FN,h\ ~XFNh _
=T,FN,h _ Py VENR _ VThGVTFT XEN,h VN
Vo =VFN3h | —=FNH VFN3,h
P 5
v
PVT,FN,h —XFN,h
ST, FN,h W FN,h
Viv = —vrNih —vEN2h —VEN3R) | —SENG Vv
Py,
VT,h VT FT\ XFNh O pNp
= (1 = vpN1,n — VEN2,h — VEN3,) ( Oy, ) Vv
pVT,FT,U TXFT.U —xrrU
T, FT,U _ h FT,U __ ' FT,U
V, VFT3,U 7}5FT}U 14 = VFT3,U ( Yoy ) 14
1%
PYVT.FT.U\ ~XmU
ST, FT.U w FT,U
Viv =1 —-vpriu —Vvrreu — VrTsw) | — SFT,U 14
Py
—XFT,U
VT,UAVT FT,.U
= (1 —vpri,u — VFT2,U — VFT3,U) ( 9U1> Vv
SVT,FT,W\ ~XFT.W _
yTFTW _ b, VFTW _ VT W VT XFT,W VETW .14
=VFT3.W | —=prw VFT3,W 1 an
h ) PETW ,
PYTFT,W\ ~XFTW
T FT,W _ U FT.W
Vi = (1 —vrri,w — VFT2,W — VFT3,W) — T 14

by

VIW gV )_XFTW yET.W

)

= (1 —-vpri,w — Vrr2,w — VFT3 W)(

where we used steady state price ratios derived in the previous subsections.
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B.5 Combining results
Replacing the obtained steady state formulas into (75) and (76), we obtain:

— _FT
NX 13
h rr _ 9CTR VTFT U=U U=UAUY (. X,CT,U | T,U C,h
pCh hit = O, [”h =5 af=E{C ] (pht tp) —Pt+1)
UCTh
IJCTh T,FT - —W A X,CT, h
+ @V nW;ZVo&V:YVCW P ¢ Wy W pc’
h 5 h,t h,t t4+1
QCTh
— VT,FT h h\ =h  h—=h~h X,CT,h T,h C,h
IJCT vTUOn1 [(nU - ”h) EyarpE;C ] (pU,t + _pt+1)
VT, FT h\ =h . h=h~h X,CT,h T,h C,h
- g, WTWG) (1 —ngy) ByarEsC" (St TPwe T tCwy pt+1)
and
— VT
NX _ 1
h VT _ FT1 % X,VT,FT,U T,FT,U C.h
PC.h “Son hit Ah,l[ U ] F,U (phyt + vy h,t pt+1)
1
SFN1= X,VT,FN,U T,FN,U C,h
+Ah,2[ U } ey (ph,t +Up pt+1)
1
>FT] = X, VT,FT,W T,FT,W C.h
+Ans [ w ] rnw (ph,t + U _pt+1)
1
>FN1% X,VT,FN,W T,FN,W C.h
+ Ana [ w } e (ph,t U pt+1)
1
> FT] = X,VT,FT,h T,FT,h C,h
_Ah,5[ h ] Fn (pU,t + Uy pt+1)
1
>FN1= X, VT,FN,h T,FN,h C.h
*Ah,ﬁ[ h } FNR (pU,t + o pt+1)
1
>FN1= X,VT,FN,h T,FN,h C.h
*Ahﬁ[ [y } N, R (St +Pwe Ut Pt+1)
>FT] = XVTFTh TFTh C.h
—Apg [V, 1] P St + Py T oy pt+1)
where

Y|

(134)
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-1

As s = DV PTn QVT.FTgFT 0.1 1 CT 1 =rrn !
1= 9,1 h,2 N . J=F
Vo, FT,U Obpy — 1) WET:A

—XFT,U —
cT VT, UAVT ’ FT\ —YFT,U
Oy 1 VFT3,U (ﬁ 9U,1) (1 —vrrru) (O13) ;

-1

A= DTN QVNQFT 0 .n 1 CN1=rnm
h2= 95102 N h ’
Dyr FNU (GCNh — 1) WEN,h

—XFN,U _
cT VT, UAQVT > FN YFN,U
O}, 1VFN3,U (Tl 9U,1) (1—vLrnw) (O45) ;

-1

A o= W, ET QVT.FTFT 0cr.n L rem=rmmt
h3= o 93 h,2 N [Ch]=rm
IJVT,FT,W <90T.h - 1) @RIk

—XFT,W _
cT _VT,W QVT : FT \~VFT,W
O 1 VFT3W (T1 9W,1) (I —vrrrw) (On'a) ;

-1

A= UyT,FN,h QVNQFT Hth 1 N =rnn L
ha =" “n1 %2 b [ h ] '
Dyvr rNw (90N P 1) WFN,h

—XFN,W —
cT VT, W VT ’ FN\ YFN,W
Oh 1 VFN3W (Tl 9w,1) (1 —vernw) (Ow) ;

—1

h 2 h
A - = (IJVT,FT,U> _VT,h AFNAFT OCTJL 1 AT =z
hs=——75 T Gh,l @h,Q C ] '
IJVT,FT,U (HZ,T h 1) wFT,h

—XFT,h _
VT,FT VT h VT, FT > FT YFT,h
Op1"  VFT3,R <T1 051 ) (1 —vLprn) (O43) ;

5X,VT,FN,h
P )

—XFN,h _
_tU VT ,h VT, FT ’ FN\ —7YFN,h
Ape = —poh VFN3h (ﬁ O ) (L—vrrnn) (©4%) ,
& 5X,VT,FN,h
SP " ’ —XFN,h _
— w VT h VT, FT FN\ 7YFN.,h
Apr = — pon (1 —veN1h — VEN2,L — VEN3,L) (7'2 051 ) (1 —vLrng) (©473) and
& 5X,VT,FT,h
SPyy T —XFT,h _
_ w VT ,hAVT,FT FT\ —YFT,h
Apg = — pon (1 = vFT1,n — VFT2,h — VFT3,1) (Tg O3 ) (I—vrrrn) (©43) . (136)

C Steady state of the complete model

We will approximate all the variables in the world economy around their symmetric steady state. The inflation rate
is zero, and there are no productivity shocks in any country (7" = Qf, = Qfy = 1) for m = FT, FN,VT,VN and
other exogenous variables are zero.

Using the consumer’s FOCs w.r.t. labor (4) in the steady state:

Mﬁl (Ly)*" =T" (1 — 7,) W} for m = FT, FN,VT, VN, (137)
OLm,h —

1 o
we get: ( Om b ) ( OLFT.h ) = Y for m = FN,VT,VN. Assuming that firms are efficient in the steady

oLm,h—1 oLFT,n—1 wET B
state, we invert all sector production functions. Domestic tradable and non-tradable final goods are Z,f T =
_ 1 _ _ 1
- (YFT) =rtn and ZFN = 21— (YFN) =rN.h . while for domestic tradable and non-tradable intermediate
Qprn \Th h Qrnn \h
_ _ _ 1 _ _ _ 1
goods we have Z)'" = L) = ot— = (VWT)=vrw and ZyN = LYY = o1 (V') =~ . Final goods

production functions (10) can be inverted in the second level for labor input as:
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1 1 1 1
. QFTh (Y, )wFT’h:|7|:(17'ULFT.h)’YFT‘h'71 VFT,h,:| - |:QF§V7],, (YLFN)WFN‘}L:|7|:(17ULFN,h)’YFN‘h71VFN’h
Lyt = and Ly Y =
h [ W— h [ S
YET,h—1 YEN,h 1
YLFT,h ULFN h
. —FN FN.R|VEN “FN ho o8 v —1
Using formula (70) from Plasmans et al. (2006a): MC, = —-—P, [T ] = o Lh )P,?N we
WEN,h QFN,h 0N
LM
get. Wh =
- " h L T L
1 (VyFT\®FT,h _(]- YFT,R- Ly FTh 1 (YFNY®FENA_(]_ YFN,h- 1 {7 FN,h
s () (-vrrr.h) Y T (%) (-vrN.h) v 1 (YVT)iwvlT,h L1 (Y/VN)wle,h
T R — Qvrn \Th ! Qv \Th
YFT,h—1 YFN,h—1 ’ ’
VLET A YLFN,h
Th(1—7p)

(_CLm.n\
( oLm,h—1 )
(138)
for m=FT,FN,VT,VN. B B B
Along with equations implied by (138) and log-linearizing around a steady state, where Lj® = L{} = Ly}, for
m =FT,FN,VT,VN, we obtain C" = CV = CW.
Prices in the steady state and equilibrium conditions yield the full set of equations, which define the steady state
values of the endogenous variables.

D Model in the log-linearized form

The aggregate model to be presented in this Appendix is a log-linearized version of the NOEM model for three
economies with a monetary union between two of them.

The following notation is used: the country of origin is denoted in the subscript whereas the country of destination
(consumption) is in the superscript.

The order of appearance of the equations corresponds to the theoretical specifications of the model in Plasmans
et al. (2006a).

For sake of brevity, we present the log-linearized equations for the home country solely. The complete model
can be directly obtained on simple request from the authors.

Total labor:

0 —Lpalna+ Lyt Uit + La YUy + Lyt + Ly YT (139)

Total labor income:

0~ — Wi Lnstons — WaiLnalog + WETEETwET + WETEETIFT 4 WWENLEN F N (140)
FWENEENIEN £ WY TEY Tl T + WYTLYTT + WY NIl + WY NIy

Consumption demands:

0~y el —m (s =P (141)
0~ + el —m (W7 - P (142)
0~ —cyly + ¢ = (pfvjlh —py " h) ; (143)

0~ —cfxt + c? — Ne,h (pﬁt —ptc h) , (144)

CT,h C,h
0 —¢ +Cf_77<’h(pt -y )

Price aggregations:
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0~ —p<" + ar hptCT "+ (1-ar h)pf]tv and (145)
0~ —pSTt 4 pl (pthTh> + (ngy —ny) pgfh + (1 —np— (ngy —np)) pgthh. (146)
Consumption Euler FOC:
(—on 4 Bukn (kn (1 —op) + 1)) e — k(1 — o)t | = Burn(1 — o) Ey (cfﬂ)
~ (—op + Brkn (kn(1 — on) + 1)) By (cfy) — k(L — on)el — Brkn (kn(1 — ah)A}lL_Uh) Ey (cl's)
+ e — By (AptH) (147)

FOCs for labor supply:

Onlne — [(—on + Bukn (51 (1 — 0p) + 1)) ¢ff — k(1 — on)ef—y — Brrn(l — o) Er (cfhq)] — w4 pl 0, (148)
QbhlE,t — [(*Uh + ﬁhlih (Hh(l — (J'h) + 1)) C? — Hh(l — O'h)cilfl — ﬁhlih(l — O’h)Et (C?+1)] FN h +pt ~ (), (149)
bnlps — [(—on + Bukn (ka(L — o) + 1)) e — k(1 — on)ely — Bukn(l — on) By ()] — w T 4 plh >0, (150)

ol — [(—ah + Brkn (kn(1 —op) + 1)) c? —kp(l— U;L)cf”_l — Brkn(l — on)Ey (ci‘_‘_l)} - thN h +pf ~ 0. (151)

FOC for money demand:

1 E
B (mly) —p " = —f_tﬁ(h%“) with (152)
Ve = [(—Uh + Brkn (kn(1 —op) + 1)) c? —kp(l— Uh)c?_l — Brkn(l — on)Ey (cfﬂﬂ . (153)

Production functions for final goods (in the neighborhood of 7, 5, = 1):

FT BT FT,h
0~ —yp; + @rTWWFT 0t + @FTRVFT AL + @Frn (1 —vETR) vy 7, (154)

FN FN FN,h
0~ —ynt +TFNWWENt + TENRVEN R +@rNn (1 —vENR) vy (155)

Production functions for intermediate goods:

VT VT
0~ —yn: +@vrawvr et + @vealyy (156)

0~ —y;‘{fv + WY N,V N,h,t T WVN,thiV- (157)
Prices for inputs:

VT,FT,h

FT,h VT,FT,h VN,FT VT FT,h
0> —pyy" +VFT1LLD, +VFT2,hDp " 4 vprs, hpUt + (1 —vpr1,n — VFT2,R — VFT3,R)Py, , (158)

FT.h FT,h FT,h
0 —pyzy" +vrrpw, "+ (L= vrrn)py, ™, (159)
VT, FN,h VN,FN,h VI,FNh VTFN b
0~ _th Yl tvpn Pt +VPN2,RP, +VEN3,RPU +(1=vFN1,h—VFN2,L —VEN3,1) Py, . (160)
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0~ —ng’h + UFN,hthN’h +(1— UFN,h)Pg,]:’h- (161)

Demand for inputs from all the sectors (v, = 1) (l and l N give us the same information as their production
functions):
FT FT 1
U ~ ’YVT FT(pVh t = DPzpe) T —h yh t — WFT,ht, (162)
WgT
T,FT VT, FT _ _FT FT
Uy = *XT Fr(Phy —Pviht) T Uhts (163)
N,FT _ VN,FT _ _FT FT
Vpy = XN rr(Phy —DPVihi) * Uk s (164)
h,T,FT hVT,FT
Vwi = TXM, e (st + Pws — DVhe) + Vit (165)
WTFT U h,VT,FT
LA =X, rr (P — Dhe) + VRt (166)
FN h FN FN h
Vi = = WrrNPvihe — PZ h, i)+ 5 Ynt —WEN, (167)
WEN
T,FN VT,FN _ FN FN
Up 3 —XT PN (Ph —Pvht) TVt s (168)
N FN VN,FN
Ut = ~ —x. PN (Phy — i) + e (169)
hT,FN _ hVT,FN _  FN FN
Ve = X, v (st + Pwit —DPVint) T Ut (170)
hT,FN _ h,VT,FN
s ~ —xr FN (PO —th t)+U . (171)

Exchange rate equilibrium conditions:

U(R
Et(ASt+1) = Tet4+1 — T'XZ+1 — 6bVV(,t<gl (172)
Equilibrium conditions:
0~ — thTyftT i CT,hCT,h CT U TU n Cg’tw W (173)
0~ —yht +cht (174)
0~ — thTyVT X V}FT h FT h VFT U FT U VFT w 5’{ w (175)
FN,h
0~ yht +op (176)
Marginal costs:
1 w h
0 o —mcj,; +P§€h+7FT Yhi — WEThts (177)
WEFT,h
l-w Jh
0~ —mcht +p§1tvh + iyffl — WFN,ht) (178)
TWEFN,h
1l—w
0~ —mcht +wg€h+ 7V”yX?—wVTht, (179)
WVT,h
1—wyNn
0~ _mch t Y+ wi‘L/lij + 71/;‘{?] — WV N,h,t- (180)
WYV N,h

Marginal costs for home import companies:
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MF,h X,CT,h
0~ —mcy, ™ +py) )

MF,h X,CT,h

Ometh +Pwy — S¢,
0~ MVFThJr X,VT,FT,h
—MCy 4 Py )
0~ — MVFThJr X, VT,FT,h
MCy ¢ Pwt - St
0~ — MVFNh+ X,VT,FN,h
Mey ¢ Py )
N MV,FN,h X,VT,FN,h
0~ —mcy, + P, — 8.

New prices in consumption goods sectors:

CT,h <CT\,h

0~ —pp,’ +‘PCThpht 1 + (1 —<PCTh)Pht )
0=~ _pht +<P0thht 1+ (1—<P0Nh)29ht ;
X,CT,U X,CT,U _X,CT,U
0=~ —py; +900Thpht 1 +(1*€00Th)pht ;
X,0T,W X.OTW SX.CT.W
0~ —pp; +‘PCThpht 1 (1—<P0Th)pht
New prices for final goods home importers:
CT,h h CT,h h X ,CT,h
0~ —py," +vcruPu- L+ (L= b)) Puy
CT,h X ,CT,h
0= —py, +SUCTWPWt 1+(1 ‘PCTW)th .

New prices in home intermediate goods sectors:

0~ _pVT-FTh VTFTh | (] JVT,FT,h

—Phi +<PVTFThth 1 ( _‘PVTFT h)Pht )
VT,FN,h VT,FN,h JVT,FN,h

0>~ —py,’ +<PVTFNhPm 1 +(1_90VTFNh)pht )

VN,FT,h N,FT,h JVN,FT,h
0~ —ppy,° +‘PVNFThpht 1 +(1*<PVNFTh)pht 5
VN,FN,h VN,FN,h _VN,FN,h
0~ —pp, +SOVNFThPht 1 +(1 SOVNFTh)pht )
0~ _pXVT.FTU XVTFTU | (4 _ X, VT,FT,U
= "Pnt ""PXVTFThPht 1 +( SDXVTFTh)Pht )
0~ _pXVT.FNU XVTFNU | X, VT,FN,U
—DPh + OX VT PN KPR 1 + (1= ¢Xvrrnn) Pni )
~ __ XVT,FT.W X, VT,FT,W W FOVTETW
0~ —py; +<PXVTFThPht 1 + (L= X vrrrn) Dhs
0~ _pXVT.FNW XVTFNW X, VT,FN,W
~ —Dhy + X VT EN AP 1 + (1= oXvrrnn) Pu :

New prices in intermediate goods home import sectors:

0~ _pVTFTih VILFTh | (q VT, FT,h
Py’ ‘HOVTFTUpUt 1 ( - ‘PVTFT U)pUt )
VT,FN,h T,FN,h JVT,FN,h
0~ —pyy +<PVTFNUPUt 1 +(1*<PVTFNU)1’7Ut ;
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0~ _pVT.FT.W VI.FTW | VT, FT,W

—Pw,i ‘HOVTFT wPwi—1 T ( _SDVTFT W) Dw,¢ )

0~ _pVTFNW VI.ENW (4 VT,FN,W
~ —DPw +<PVTFN wPw.i-1 ( _<PVTFNW) DPwi .

Optimal Calvo prices in home final goods sectors:

JCT,h JCT,h
O~ —p,," + (1- ‘P}éT,hhh) mcff + @Z‘T,htht (ph t+1)

CON h FN | h CCN
0~ —pit + (1= @b nhn) mepy +obnnhnBe (B ve1) »

CX,CT,\U U FT | h _X,CT\U
0~ —p,; + (1= ox crnhn) mey i + % orhnEr (Ph P+l ) 5

X, CT,W w FT | h JX,CT,W
0~ —pp; +(1- ‘PXL’T,hhh) meyy + @x crhnEy (ph t+1 ) .

Optimal Calvo prices in home import sectors of final goods:

LCT.h
0~ *pzﬁ +(1- ‘PCT vhn) mCUt F ‘PCT vhnEy (pU t+1)

SCTh T,h
0>~ —py, (1 - SDCT Whh) mCWt "t <PCT whnEy <th+1)

Optimal Calvo prices in home intermediate goods sectors:

JVT,FT,h h VT,FT,h h JVT,FT,h
0~ —pp,; + (1 - SDVT,FT,hhh) mey, +evr rrnhnE (Ph 1 ) )
. _<VT,FN,h h VT,FN,h JVT,FN,h
0 =P, + (1= @Vr pvnhn) mey + OVt enphn By ( Phit1 ) ;
" _<VN,FT,h h VN h JVN,FT,h
0~ —Phy + (1 - <PVN,FT,hhh) mep e + ‘PVN,FT,htht (ph t+1 ) )
JVN,FN,h h VN h JVN,FN,h
0~ “Pht + (1 - @VN,FN,hhh) mepy + SOVN.,FN,htht (Ph t+1 ) )
" <X, VT,FT,U U VT U X, VT,FT,U
0~ “Pht + (1 - @X,VT,FT,hhh) mepy + SDX,VT,FT,htht (Ph t+1 ) )
X, VT,FN,U U VT U X ,VT,FN,U
0~ —Pht + (1 - SOX,VT,FN,hhh) meyy + @X,VT,FN,htht (ph t+1 ) )
" <X VT, FT,W w VT w X, VT,FT,W
0>~ —py; + (1= oX vy prnhn) mep | +oX v prnhnEr (Ph T+l ) )
© <X, VT,FN,W w VT w X ,VT,FN,W
0~ Pt + (1 - @X,VT,FN,hhh) mey,y + SOX,VT,FN,htht (ph 41 ) .

Optimal Calvo prices in home import sectors of intermediate goods:

VT, FT,h h VT,FT,h | h JVT,FT,h
0~ —Put + (1 - ‘PVT.,FT,Uhh) meg ' + <PVT,FT,Utht <pU t+1 ) )
SVTFNh h VT,FN.h | & VT, FN,h

0~ —py,’ + (1= oVrrnuhn) meyy’ +evr N uhnE (pU t+1 ) )
W _<VT,FTh h VT,FT,h | h VT, FT,h

0>~ —py, + (1= oVrprwhn) My ¢ +evrpr,whnEt (th+1 ) 5
W _<VT.FNh h VT.FENR | h VT, FN,h

0>~ —py, + (1 — oV rnwhn) mcyy +ovr pnwhnEr (th+1 ) .

DGPs for exogenous variables are
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(i) monetary policy rule: either equation (32), (33) or (34),
(ii.a) final tradables technology:

FT
Qi = P Yt + iy (223)
(ii.b) final non-tradables technology:
FN
Qh t = Qh t—1 + nl?t ) (224)
(ii.c) intermediate tradables technology:
vT
th*PQ th 1“‘771?15 ) (225)
(ii.d) intermediate non-tradables technology:
VN
Q}‘z/ Pﬂh Qh t—1 T ni)t ) (226)
(iii) exchange rate shock:
Ehe = ngisz =1+ Mh - (227)

FN VT V
Disturbances €1, nh P nh P nh : nh ¢ + 1, are white noise with standard deviations o, ,, 0 @E T2 0) aF N, O ol

g qVN

KN 5 T respectively.
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E Numerical Simulations

E.1 Technological shocks in tradable final goods sectors

Figure 1 IRFs, positive technological shock in the F'T sector (consumption side).
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Figure 2 IRFs, positive technological shock in the FT sector (production side).
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Figure 3 IRF's, positive technological shock in the FT sector (exchange rate and policies).
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E.2 Technological shocks in tradable final goods sectors

Figure 4 Technological shock in intermediate goods sectors (consumption side)
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Figure 5 Technological shock in intermediate goods sectors (production side).
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Figure 6 Technological shock in intermediate goods sectors (exchange rate and policies).
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E.3 Exchange rate shock

Figure 7 IRFs, exchange rate shock (consumption side)

cl c2 c3

-0.02

-0.04

-0.06
40 50 0 10 20 30 40 50

x10° inflationl X 10° inflation2 x10° inflation3

0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50

NFASEMU NFAshome NFAsRoMU

cTLl cT2 cT3
0.15 0.15 0.1

0.1 0.1

chTl chT2

chNT1 chNT2 chNT3

-0.02

-0.01 -0.01 -0.04
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50

53



Figure 8 IRFs,

exchange rate shock (production side).
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E.4 Policy loosening shock

Figure 10 IRFs, monetary policy loosening (consumption side)
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Figure 11 IRFs, monetary policy loosening (production side).
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E.5 A preference shock to consumption

Figure 13 IRFs, consumption shock (consumption side)
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Figure 14 IRFs, consumption shock (production side).
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Figure 15 IRFs, consumption shock (exchange rate and policies).

F Data Appendix

The economic structure of all the countries is taken from a few records of input—output (I-O) matrices for The
Netherlands, the RoEMU and the US (RoW). We compute the intermediate tradables and non-tradables over total
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intermediates and w.r.t. GDP. Moreover, we aggregate final demand faced by that of each industry into tradable
and non-tradable consumption over GDP. We interpolate the shares in the periods in which I-O tables are not
available. Then, we recover the levels of the series applying the obtained shares to the GDP values at 2000 prices
from the OECD statistical compendium.

We divided tradable and non-tradable goods industries as follows. Tradable goods industries comprise: Agricul-
ture, forestry and fish; Raw materials; Food and stimulants industry; Textile and leather industry; Paper industry,
publishers and printers; Petrol industry; Chemical industry; Rubber and synthetic material industry; Metal in-
dustry; Machine-industry; Electrical industry; Transport equipment industry; Remaining industry; Energy and
water supply business; Transport, raise and communication. On the other hand, non-tradable goods industries
are: Construction industry; Trading and repairs; Hotel and restaurant services; Construction industry; Financial
institutions; Rent of and trade in real estate; Business services and renting of movables; Authorities/Government;
Health and social work services; Services n.e.c.; Goods and services n. e. c.; Corrections in connection with wages
in kind. The following subsections give more details regarding each country.

F.1 The small open economy: The Netherlands

Sectoral data from 1969 to 2002 is taken from I-O tables on the Central Bureau of Statistics (CBS) website. From
1969 to 2002 I-O tables are computed in current prices and from 1988 onwards, they are also computed at constant
prices.

In order to construct our variables we classified the 26 sectors of the I-O symmetric matrices into F'T" and
FN and intermediates VT and VN. 3% Since the Netherlands have yearly I-O tables, we checked the stability of
technical coefficients of tradable and non-tradable goods per industry.

F.2 Rest of the EMU

To specify the production structure of the Rest of the EMU, we consider I-O tables for Denmark, France, Germany,
Italy from the OECD I-O tables (edition 1995), both in constant and in current prices. For the rest of the EMU,
we have available data for the following countries: (i) Italy: I-O tables for 1985, 1992; (ii) France: I-O tables for
1972, 1977, 1980, 1985, 1990, 1995; (iii) Germany: I-O table for 1978, 1986, 1990, 1995; and (iv) Spain: I-O table
for 1995.

We consider that France and Germany have a representative economic structure for the twelve countries com-
prising the EMU. Production of intermediates is taken from the STAN database and all other data from the OECD
statistical Compendium.

F.3 Rest of the World

To specify the production structure of the US, we consider I-O tables for the years 1972, 1977, 1982, 1985, 1990
and 1997. Source: OECD I-O Tables. Total intermediate production is taken from the STAN database.

38We checked the evolution of technical coefficients from 1969 to 2002, and in order to get a more stabe path of it, we aggregate
similar industries (from 26 to 9 sectors). These 9 sectors are:

1.Agriculture, forestry and fish.

2.Raw materials; Metal industry; Machine-industry; Electrical industry; Transport equipment industry; Remaining industry; Energy
and water supply business.

3.Food and stimulants industry; Textile and leather industry; Paper industry, publishers and printers;

4.Petrol industry; Chemical industry; Rubber and synthetic material industry.

5.Construction industry.

6.Trading and repairs; Hotel and restaurant services; Transport, raise and communication.

7.Financial institutions; Rent of and trade in real estate; Business services and renting of movables.

8.Authorities/Government; Health and social work services

9.Services n.e.c.; Goods and services n. e. c.; Corrections in connection with wages in kind.
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F.4 Shares of the Netherlands, the ROEMU and the US in terms of Euros.

G

Our calibrated parameters and assumed prior densities are in Table 1.

Figure 16 Computed sizes of the Netherlands, the ROEMU and the US

Shares of NL, RoMU and RoW in the "reduced” World Economy
Average 1979-2005: NL 2.6% ; NL+RoEMU 38.07% ; and US (RoW) 61.93
Average 1987-2005: NL 2.602% ; NL+RoEMU 38.08% ; and US (RoW) 61.92
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Table 1 Calibrated parameters and prior densities

Our prior densities
Mean (SD)

Type[bounds]
B [0.45;0.55]

N [0.15;0.8]
B [0.16;0.6]
N [1.4;3]

B [0.70;0.99]
B [0.70;0.99)]
B [0.700.99]
B [0.70:0.99)]

0.5(0.05)
0.99
0.99
2/3

5(0.125)
3(0.1)
2(0.5)
0.85(0.1)
0.85(0.1)
0.85(0.1)
0.85(0.1)
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7
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5
5
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3
)
5
5
5
5
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Levin et al.(2005)
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oWz Z

Mean (SD)
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2001Qp3,
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Type Mean (SD)
B 0.5(0.05)
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B 0.85(0.1)

Ratto et al.(20

Type
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Pi,U s Pi,W B [0.6;0.9] 0.75(0.05)  Mo00 N 1(0.15) B 0.85(0.1) B 0.8(0.1)
DU, 0w IG [0.02;2.5] 1.5(0.1) T93 1IG  1.5(0.2) B 1.25(0.1)
Yo,u, V2, w B [0.02;0.3]  0.25(0.1)  T93 N 0.2(0.1)

793,Ua193,W B [0.02;0.3] 0.25(0.1) T93

Va,u, Va,w B [0.02;0.3] 0.25(0.1) T93

195,U3195,W B [0.02;0.3} 0.25(0.1) T93

ULFT,h VLFT,Us VLFT,W 0.36 O&R06 B 0.36(0.05)

ULFN,h, ULFN,U, ULFN,W 0.36 O&R06 B 0.34(0.05)

Pnpr,hs Prnpr,U B [0.35;0.8] 0.5(0.2) B 0.67(0.05) B 0.5(0.2)
Pnpr,W B [0.15;0.8] 0.375(0.1) B 0.375(0.1)

Prpn.h> Pnpn,U B [0.35;0.8] 0.5(0.2) B 0.67(0.05) B 0.5(0.2)
Prnpn,W B [0.15;0.8] 0.375(0.1) B 0.375(0.1)

Cnyr,hs Pryr,Us Pnyr,W B [0.15;0.8] 0.375(0.1)

Prvyhs Pryn,UsPryy,w B [0-15;0-8} 0.375(0.1)

Cnwr,hy Prwr,U B [0.35;0.8]  0.5(0.2) B 067(0.05) B 0.5(0.2)
Pryr, W B [0.15;0.8] 0.375(0.1) B 0.375(0.1)

Pnwn,hs Pnwn,U B [0.35;0.8] 0.5(0.2) B 0.67(0.05) B 0.5(0.2)
Oy §, W B [0.15;0.8] 0.375(0.1) B 0.375(0.1)

WET,hy TET,U >, WET,W 1

WEN,hy WEN,U, WEN,W 1

WYT,hy WVT,U, WVT,W 1

WYV N,hy WVN,Us TV N,W 1

WFT,hs WET, U, WFT,W IG [0.001;2] 0.02(2) RO5 IG  0.6(0.6) IG  1.5(2) B 0.1(2)
WEN,hy WFN,Us WEN,W IG [0.001;2]  0.02(2) RO5 IG  0.6(0.6) IG  1.5(2) B 0.1(2)
WY T, hy WVT,U WVT,W IG [0.001;2] 0.02(2) RO5

WV N,h, WV N, U WV N,W IG [0.001;2] 0.02(2) RO5

Note: O&RO06 refers to Ortega and Rebei (2006), L06 to Levin et al. (2006), D05 to Dellas (2005), T93 to Taylor
(1993), R05 to Ratto et al. (2005b), and Mo0O to Monacelli (2000). The probability density types beta, normal
and inverted gamma are abbreviated as B, N and IG, respectively.

The calibration used by Erceg et al. (2005) assumes an annualized interest rate of 3%, a risk aversion parameter
of 2, a habit formation parameter § = 0.7 but measured in the form C; — 6C;_1, the Frisch elasticity of labor of
1/5.39 Wage and price markups are calibrated at 0.2, a Calvo probability parameter of 0.75, and an implied annual
inflation of 4 %.

Table 2 Results from posterior maximization Rule (IT) model

391t is defined as the elasticity of the labor supply with respect to wage, leaving constant the marginal utility of consumption.
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Parameters | Prior | Prior mean | Post. mean | Std. error | t-statistic
ol | beta 0.5 0.5571 2.6094 0.2135
on | beta 0.3 0.3925 1.6311 0.2406
op | norm 2 2.0047 0.4471 4.4836

Nen | invg 3 3.0071 7.2554 0.4145
nt | invg 5 4.9997 | 149.1864 0.0335
Kp | norm 0.5 0.602 0.018 33.4016
wn | beta 0.5 0.5896 0.0081 72.9986

pw,n | beta 0.5 0.473 0.006 78.2503

wv,n | beta 0.375 0.3469 0.0023 148.2899

puy | beta 0.5 0.5409 0.0003 1654.0799
Pw,U beta 0.5 0.4437 0.0012 359.4676
pv,u | beta 0.375 0.3921 0.0016 249.5846
ow | beta 0.375 0.3448 0.0001 2750.2192
ew,w | beta 0.375 0.3609 0.0006 640.233
pv,w | beta 0.375 0.3855 0.0001 3471.5673
ﬁfU beta 0.7 0.6971 0.0004 1973.2117
91, | beta 0.7 0.7066 0.0017 |  412.5538

ﬁ{IU invg 0.35 0.318 0.0001 5978.2498

91r, | invg 0.35 0.3394 0.0004 |  904.2846

9if, | norm 0.15 0.0307 0 | 42681.0467

91, | norm 0.15 0.0779 0 | 131921.962
19§fU norm 0.15 0.2077 0 | 212634.735
93%, | norm 0.15 0.2141 0 | 577892.341

SD of shocks | Prior | Prior mean | Mode SD t-statistic

WET, K invg 0.15 | 0.5859 306.3331 0.0019

WFN,h | invg 0.15 | 0.4848 261.8096 0.0019
wyTh | invg 0.15 | 0.5363 1415.3387 0.0004
WyN,p | Invg 0.15 | 0.4866 | 13330.9041 0
wrTy | invg 0.15 | 0.4816 3312.9687 0.0001
WEN,U invg 0.15 | 0.4942 122.0622 0.004
wyry | invg 0.15 | 0.5031 453.3898 0.0011
WV N,U invg 0.15 | 0.4989 185.0591 0.0027
wrr,w | invg 0.15 | 0.4916 824.2392 0.0006
wrN,w | invg 0.15 0.503 24.3822 0.0206
wyr,w | invg 0.15 | 0.6369 2.6335 0.2418
wynN,w | invg 0.15 | 0.4966 3.9399 0.126
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