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1 Introduction

This paper investigates the domestic and the international transmission of
monetary, government expenditure and productivity shocks in an open econ-
omy. It does so by means of a two-country general equilibrium model, with
monopolistic competition and sticky prices. Therefore, the model presented
in this paper is akin to the “new open economy macroeconomics” literature
initiated by Obstfeld and Rogoff’s (1995) Redux model, and recently surveyed
by Lane (2001) and Sarno (2001).

Although the benefits of understanding the international transmission
are numerous1, concerning the general framework of the new open economy
models, no comprehensive study exists on a wide range of shocks, nor on
the robustness to changes in parameter values. It is fair to say that the
international transmission of shocks depends on the modelling strategy cho-
sen. For decades, the Mundell-Fleming-Dornbusch model2 has provided the
framework to study the international transmission of monetary shocks, but
now the framework more widely used is the Redux (together with its ex-
tensions), which has been introduced relatively recently. It is rather more
difficult to understand the transmission of shocks in an intertemporal gen-
eral equilibrium model than in the IS-LM-based Mundell-Fleming-Dornbusch
model. Moreover, the literature so far has privileged monetary shocks instead
of analysing all shocks.

One of the contributions of this paper therefore consists in extending
the basic model by adding productivity and government expenditure shocks.
However, in the open economy shocks can have very different effects accord-
ing to whether they occur in the tradeable or in the nontradeable sector.
Therefore, productivity and government expenditure shocks are distinct for
tradeables and nontradeables, but the effects of aggregate shocks of the same
nature can be analysed easily. Different assumptions about the model’s pa-
rameters are considered, and extensive sensitivity analysis is conducted.

An analysis of the transmission mechanism of monetary shocks in a new
open economy model can be found in Obstfeld and Rogoff’s original Redux
paper3, or in Mark (2001). However, the models presented there do not
have the same degree of complexity as the more recent models. Some cru-
cial assumptions and their effect on the transmission of money shocks have
been analysed separately in recent papers. For example, Tille (2001) analy-
ses the role of different cross-country and within-country substitutability of

1For example, it could provide the empirical VAR literature the restrictions needed to
identify and measure the shocks that are in the data.

2Mundell, (1962, 1963); Fleming, (1962); Dornbusch, (1976).
3Obstfeld and Rogoff (1995, also 1996).
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goods, Hau (2000) analyses the role of the nontraded goods sector, Warnock
(2003) covers home bias, and Betts and Devereux (1996, 2000) introduced
and analysed the role of local currency pricing. This Chapter constitutes a
more comprehensive analysis than these studies because: 1) many of the crit-
ical parameters already studied in isolation are present, so their role can be
analysed simultaneously; 2) the analysis is not confined to monetary shocks;
3) shocks are disaggregated by sector; 4) the paper analyses the consequences
of shocks for the relative price and quantities of domestic tradeables versus
nontradeables; 5) some novel assumptions are introduced (the assumptions
that the marginal productivity of labour may be decreasing, and that indi-
viduals cannot work in both sectors). These latter modelling innovations are
introduced in a way that preserves comparability with the other papers: con-
stant marginal productivity of labour is treated as a special case, and results
are also shown for the case in which individuals can work in both sectors.

With regard to the transmission of shocks to relative prices and alloca-
tions, the main results are as follows. Not only sector-specific productivity
or demand shocks affect the relative price and the relative quantity of trade-
ables versus nontradeables, but also aggregate monetary shocks do. This
finding is particularly interesting because the empirical literature has con-
sistently pointed out that money has heterogeneous effects, which may be
explained by characteristics such as the degree of tradability at the sectoral
level. Labour productivity is crucial in understanding how relative prices
and allocations between tradeable and nontradeables are affected by these
shocks.

With regard to the transmission of shocks to key macroeconomic vari-
ables, the main results are as follows. In the short run, monetary shocks
dominate, but they are poorly persistent. Even without capital in the model,
productivity shocks are quite persistent, and their persistence is due to the
nominal rigidities. Government expenditure shocks have little impact on the
main variables, and often no impact at all. The sign of the response of out-
put and employment to Foreign shocks depends on parameter values. The
assumption that individuals cannot work in both sectors leads to a lower
elasticity of the marginal costs with respect to output.

The rest of the paper is organised in the following way. Section 2 presents
the model, and Section 3 describes the solution method. The calibration of
the model is described in Section 4. Section 5 reports and explains the
findings of the paper. Finally, Section 6 concludes.
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2 The model

The world economy consists of two countries of equal size, named Home
and Foreign, that engage in the production and trade of differentiated goods
for final consumption. Consumers purchase a variety of goods and for each
differentiated good there exists a downward-sloping demand curve. Goods
can be tradeable or nontradeable. In the Home country, a continuum of unit
size of tradeables and a continuum of unit size of nontradeables are produced,
the same is true for the Foreign country. Therefore, each country has two
sectors, one for the production of tradeables and one for nontradeables.

The model possesses two standard features of the new open-economy
macroeconomics framework: nominal rigidities and monopolistic competi-
tion. While the assumption of nominal rigidities is at the root of the short
run real effects of money, the assumption of monopolistic competition simply
introduces a wedge between prices and marginal costs. As we shall see, in
the short-run output is demand-determined, but prices do not adjust fully, so
there is the possibility that firms may prefer to stop production because the
marginal cost becomes higher than the price. The assumption of monopolis-
tic competition allows us to neglect this possibility, at least for “sufficiently
small” shocks4.

As in Hau (2000) and Obstfeld and Rogoff (2000), there is imperfect com-
petition in both the goods and labour markets. Each individual is a monop-
olistic supplier of her own differentiated labour, and firms need a variety of
labour inputs in production. The assumption of monopolistic competition in
both markets allows us to contemplate the contemporaneous introduction of
two sorts of nominal rigidities, price and wage rigidities. This has been done,
for example, by Chari, Kehoe and MacGrattan (2002); others like Corsetti
and Pesenti (2001), Obstfeld and Rogoff (2000) and Hau (2000) introduce
only wage rigidity. However, because the analysis of the interactions between
price and wage rigidities goes beyond the purpose of the paper, and in order
not to complicate the model too much, the model presented here has only
price rigidity. This modelling strategy follows the Redux and it is probably
still the most popular one in the new open economy literature.

A crucial assumption in the model is that individuals cannot contem-
poraneously supply their labour to the production of both tradeable and
nontradeable goods. Instead, they can work only in one sector at a time.
The standard assumption in new open economy models with tradeables and
nontradeables is that the two sectors pay the same wage for the same labour
type, and individuals can work contemporaneously in both sectors. This as-

4Obstfeld and Rogoff (1996) and Corsetti and Pesenti (2001) discuss this issue in detail.
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sumption is made, for example, in Benigno and Thoenissen (2003), Cavelaars
(2001), Hau (2000), Obstfeld and Rogoff (2000). In this way, the maximiza-
tion problem is the same for all individuals, and there is no heterogeneity
due to sectoral allocations and wage differentials. However, we shall see
that this sort of heterogeneity is easy to work with, provided preferences are
separable and there are complete domestic markets. Moreover, this sort of
heterogeneity has a potential advantage, because it allows the model to be
extended to include imperfections in the allocation of individuals across sec-
tors, for example due to costly sectoral mobility or search frictions. These
could be introduced in a rather straightforward manner. However, the model
presented in this paper does not introduce moving costs.

Instead, another version of the model, in which individuals can work
contemporaneously in both sectors, has been solved. The main equations
of this parallel version of the model are in Appendix C. In this way, by
comparing the two models, it is possible to assess whether the restriction
that individuals can work only in one sector introduces any change in the
dynamics.

The model also considers the possibility of decreasing marginal labour
productivity. The standard assumption of the new open economy literature
is constant marginal labour productivity and constant returns to scale, but in
general, because of the assumption of imperfect competition, it is possible to
depart from this assumption. As compared to the case of constant marginal
labour productivity, decreasing marginal labour productivity has different
implications for the relative supply curve (the relationship between the ratio
of tradeable to nontradeable output and the relative price of tradeables to
nontradeables).

As in Chari, Kehoe and McGrattan (2002), Home and Foreign money
supplies are exogenous random variables. The other sources of uncertainty
in the economy are government expenditure and productivity shocks. The
model abstracts from long run growth, which implies that only temporary
shocks are considered.

2.1 Firms and the labour market

Due to the assumption of monopolistic competition and the restriction that
individuals can only work in one sector, there is some tedious notation to be
introduced beforehand. The aim is nevertheless to increase clarity.

In each country and in each sector a continuum of firms exist, each of them
producing a single differentiated product. That is, in the Home country there
is a continuum of unit size of firms in sector TH and a continuum of unit
size of firms in sector N . The firms and the goods they produce are indexed
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inclusion of capital may or may not alter the transmission of shocks in these
models, at least along some dimensions. For example, Chari, Kehoe and Mc-
Grattan (2002) found that almost all of the movements in output come from
variations in labour, with little or no impact from physical investment. More
generally, models without capital are unsuitable for analyzing the impact of
money shocks on investment fluctuations at business cycle frequencies, and
for answering certain types of policy questions.

This section starts with a description of the preferences, then moves to
the individual budget constraints, and finally concludes with the first-order
conditions from the individual maximization problem.

Preferences
As shown in Section 2.1, individual labour supplies have distinctive char-

acteristics and are only imperfect substitutes in production. This allows each
individual to act as a monopolistic supplier of her own labour effort, taking
into account the labour demands from firms in her maximization problem.

Each individual is endowed with one unit of time, a fraction of which
can be supplied as labour either to the tradeable goods sector or to the non-
tradeable goods sector. Moreover, as in Burnside, Eichenbaum and Rebelo
(1993), any individual who works incurs a fixed participation cost, measured
in units of foregone leisure. The standard assumption in new open economy
models with tradeables and nontradeables is that individuals can work con-
temporaneously in both sectors, in this model they are restricted, because
labour services cannot be contemporaneously supplied to both the tradeable
and nontradeable goods sector. The advantage of having this restriction
is that the model can be nested in a broad class of models with imperfec-
tions in the allocation of individuals across sectors, with causes ranging from
costly sectoral mobility to search frictions. This is not possible in the models
where individuals can work contemporaneously in both sectors6. However,
since sectors do not need to pay the same wage, this restriction introduces
heterogeneity in the model.

Nonetheless, this type of heterogeneity can be easily dealt with by apply-
ing Rogerson’s (1988) result for sectoral economies. It basically states that,
under the assumptions of separable utility function and complete domestic
markets7, if individuals can choose the probabilities of working in sectors,

6Like, for example, Benigno and Thoenissen (2003), Cavelaars (2001), Hau (2000),
Obstfeld and Rogoff (2000). These models assume that sectors pay the same wage. Wage
differentials may arise, for example, because of costly sectoral mobility or search frictions,
or because the disutility of working in the two sectors is different.

7Rogerson (1988) does not explicitly introduce complete markets but this assumption
is implicit in his analysis. In fact, he introduces lotteries to convexify the individual’s
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P ∗TH,t =

µZ 1

0

p∗TH,t (fTH)
1−η2 dfTH

¶ 1
1−η2

, (23)

P ∗TF,t =
µZ 1

0

p∗TF,t (f
∗
TF )

1−η2 df∗TF

¶ 1
1−η2

, (24)

P ∗N,t =

µZ 1

0

p∗N,t (f
∗
N)

1−η2 df∗N

¶ 1
1−η2

. (25)

Prices are indicated by stars when they are in Foreign currency, unstarred
prices are in Home currency. The model assumes that the law of one price
holds, that is, there is no international price discrimination13. Denoting by
et the exchange rate (price of Home country currency in terms of the Foreign
country currency) at date t, we can write:

pTH,t (fTH) = et · p∗TH,t (fTH) , (26)

pTF,t (f
∗
TF ) = et · p∗TF,t (f∗TF ) . (27)

As a result:

PTH,t = et · P ∗TH,t , (28)

PTF,t = et · P ∗TF,t . (29)

A Home individual i allocates optimally her expenditure within each cate-
gory of goods by solving an expenditure minimization problem. Her demand
functions at date t for the individual goods are:

cTH,t (i, fTH) =

µ
pTH,t (fTH)

PTH,t

¶−η2
CTH,t (i) , (30)

cTF,t (i, f
∗
TF ) =

µ
pTF,t (f

∗
TF )

PTF,t

¶−η2
CTF,t (i) , (31)

cN,t (i, fN) =

µ
pN,t (fN)

PN,t

¶−η2
CN,t (i) , (32)

13The first paper in the new open economy literature with traded and nontraded sectors,
Hau (2000), assumed instead that traded goods firms charge different prices in the Home
and Foreign markets. However, in his model the law of one price is recovered, even though
firms segment markets, since product prices are given by a mark-up over a fixed nominal
wage.
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persistence in inflation. It may be interesting to ascertain whether the intro-
duction of an additional type of nominal rigidity of this kind fundamentally
alters the transmission of shocks along other dimensions, but this issue goes
beyond the purpose of this paper. The analysis is therefore focused on the
original Calvo setup.

The model assumes imperfect competition with flexible wages in the
labour market. However, as shown by Chari, Kehoe and McGrattan (2002),
it is possible to increase the persistence (moderately) by adding sticky wages
to the model20. Moreover, Christiano, Eichenbaum and Evans (1997) have
found that firm profits seem to decrease after a monetary contraction, and
they have pointed out that a model with sticky wages correctly predicts pro-
cyclical firm profits, while a model with sticky prices does not. On the other
hand, the literature to date suggests that one or the other form of nominal
rigidity does not alter the basic transmission of shocks to key macroeconomic
variables: the impact on output and inflation, for example, is almost the same
in a model with sticky prices as in a model with sticky wages21. Of course,
it might be interesting to analyze the interaction between sticky prices and
sticky wages in the transmission mechanism, but this goes beyond the pur-
pose of the paper. In conclusion, this paper shares the view of Obstfeld and
Rogoff (2000) that neither extreme set of assumptions is right, and that it
is probably more “realistic” to adopt a combination of sticky product prices
and sticky wages, but, for the purpose of the analysis of the transmission
mechanism, it is better to avoid too much complexity and thus choose one
assumption over the other. For the theoretical reasons explained in Section
2.1, and because price stickiness is widely adopted in the literature, this pa-
per introduces sticky prices as the only source of nominal rigidity, but warns
the reader of their unpleasant consequences for the firms’ profits22.

3 The solution of the model

The rest of the paper focuses on an equilibrium where all individuals are
symmetric and make the same choices, and all firms that can modify their
price at date t set the same price. After having aggregated the equations
describing the economy, the indexes i, i∗, fTH , fN , f∗TF , f∗N can be dropped,
and variables can be reinterpreted in per-capita terms. The aggregation at
the individual level is straightforward because individuals supply the same

20This approach has been followed, for example, by Benigno and Thoenissen (2003).
21For example, this was implicit in the analysis of Corsetti and Pesenti (2001).
22Lane (2001) claims that the new open economy literature seems to largely emphasize

price stickiness over wage stickiness, for the reasons discussed by Kimball (1995).
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variables in the dynamic system of equations (the approximated solution)
are divided by the appropriate price levels in order to use Uhlig’s “Toolkit”
algorithm (1999). The approximated solution method clearly relies on the
knowledge of the steady state of the model. A close inspection of the steady
state equations reveals that steady state prices can be pinned down only if
the stocks of Home and Foreign money are known, and that money stocks do
not affect real variables. As a result, steady state prices can be normalised
at any level without affecting real variables. However, the steady state terms
of trade (the price of imports over the price of exports in the same currency)
and all the relative prices are not nominally indeterminate, since they depend
not only on the preference parameters but also on real factors, such as the
unconditional means of the productivity processes.

The determination of the steady state terms of trade follows Obstfeld
and Rogoff (1995). After substituting out the variables, the optimal allo-
cation of effort between sectors in the Home country becomes a function of
Home tradeable output and the terms of trade. Analogously, the optimal
allocation of effort in the Foreign country can be written as a function of
Foreign tradeable output and the terms of trade. After some manipulation
of the output demand equations, it is possible to find the demand for Home
tradeable output relative to Foreign tradeable output (in this steady state
with no international bond holdings and government expenditures) as a func-
tion of the terms of trade only. Therefore, finding the steady state terms of
trade boils down to solving a system of three equations in three unknowns,
given all the parameters of the model and the unconditional means of the
exogenous processes. Then it is possible to compute all the coefficients of the
log-linearised model, which is shown in Appendix B.

4 Calibration

In order to make the implications of the model as transparent as possible, and
closely connected to most of the new open economy literature, the functional
forms adopted for preferences are quite standard. In particular, u and L are
standard CRRA functions, with risk aversion parameters σ and ε respectively.
Utility from leisure is given by v (x) = κxω

ω
.

The choice of parameters values allows the researcher to adapt the model
to a particular setup (Euro area versus the US, for example). Parameters
may be obtained for this purpose from the existing literature, or they may
be estimated so as to match selected business-cycle or long-run moments in
the data. However, the former strategy relies on the existence of confirmed
empirical estimates, and the latter one entails some degree of freedom about
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through their impact on the steady state terms of trade. This calibration
strategy may be preferable to a simple normalization of zTH,0

zN,0
and

z∗TF,0
z∗N,0

in an

empirical application of the model.

5 Findings

Having laid out and solved numerically the model with sectors and individual
allocative choices, it is possible to answer the first and second questions that
constitute the motivation of this paper: (i) the transmission of shocks to key
macroeconomic variables, and (ii) the consequences of shocks for the relative
prices and allocations implied by the model. Since the answer to (ii) gives
some insight into (i), the second question is investigated first.

In order to be able to do so, it is necessary to select a baseline parame-
trization, a benchmark that allows the effects of changes in key parameters
of the model to be compared. The best benchmark is of course one that
does not give more influence to one country or sector over the other one,
and that reflects the choices most commonly made in the literature. This
baseline parametrization, which could therefore be described as “symmetric”
or standard, is reproduced in Table 1.

All the exogenous stochastic processes in the model are assumed to be
AR(1). The values for σ, ϕ, ϕ∗ and the autocorrelation coefficients for the
nominal growth rates of money in the two countries are taken from Galí
(2003). The assumption of log utility for consumption is standard. The fact
that the probabilities of not changing prices are set equal to 0.75 implies an
average price duration of one year in both countries. Andrés, López-Salido
and Vallés (2002) choose one as the value for the elasticity of money demand
with respect to consumption, a value taken from the long run estimates of
Lucas (1988). This motivates the choice of ε = 1 in this model33. The choices
of unitary elasticities of substitution, φ = θ = 1, and of equal weights in the
consumption indexes, γ = δ = δ∗ = 1, are made to ensure symmetry between
countries and sectors. The values for β and η2 are taken from Pappa (2002).
η1 is set equal to η2, implying an equal markup (15%) in both the labour
and the goods market. The choice of α = 1 corresponds to constant marginal
labour productivity. An autoregressive parameter for productivity of 0.9 is a
standard choice in the real business cycle literature, in line with many empiri-

calibration strategy assumes that zTH,0
zN,0

and
z∗TF,0
z∗N,0

are known, while the ratios nTH,0
nN,0

and
n∗TF,0
n∗N,0

are determined endogenously.
33If ε = σ = 1, in the model the elasticity of demand for real money balances with

respect to consumption is equal to one.
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Table 1: Baseline parametrization

Preferences:

β Discount factor 0.99
σ Risk aversion for consumption 1
ε Risk aversion for real money balances 1
φ Elasticity of substitution tradeable-nontradeable goods 1
γ Weight of nontradeable goods in the total consumption index 0.5
θ Elasticity of substitution Home-Foreign tradeable goods 1
δ Weight of Foreign goods in the Home tradeable consumption index 0.5
δ∗ Weight of Foreign goods in Foreign tradeable consumption index 0.5

Production:

η1 Degree of monopolistic competition in the labour market 7.66
η2 Degree of monopolistic competition in the goods market 7.66
ϕ Probability of not changing prices in the Home country 0.75
ϕ∗ Probability of not changing prices in the Foreign country 0.75
α Labour productivity 1

Exogenous processes:

Autoregressive parameters for nominal money growth 0.5
Autoregressive parameters for productivity 0.9
Autoregressive parameters for government expenditure 0.9

cal estimates. In the baseline parametrization all the exogenous processes for
productivity have the same characteristics, therefore the same autoregressive
parameter is chosen for tradeables and nontradeables, Home and Foreign.
Similarly, a common autoregressive parameter is chosen for government ex-
penditures. The value of 0.9 comes from Rotemberg and Woodford (1995),
and it is close to the estimates of Christiano and Eichenbaum (1992).

In this paper monetary policy is not specified by means of an interest rate
rule. This is because shocks to the interest rate rule are not unambiguously
monetary in nature, furthermore, with an interest rate rule it is not possible
to isolate the genuine transmission mechanism from the monetary policy
reaction, since the response of all variables depends on the behaviour of the
central bank.
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5.1.1 The consequences of monetary shocks

Consider a positive monetary shock in the Home country, consisting of a
one percent innovation in the Home money growth rate, under the baseline
parametrization of Table 1.

After having observed the monetary shock, firms in the TH and N sectors
expect higher future inflation rates and higher future real marginal costs40.
However, the two sectors have the same degree of price stickiness, therefore
expected future inflation will be the same for TH and N goods, and expected
future real marginal costs will also be the same in the two sectors. As a
consequence, the relative supply relationship does not shift in the short run
after a money shock. Moreover, under the baseline parametrization φ is
equal to 1 and there are no wealth effects, therefore the relative demand
relationship also does not shift in the short run. Since neither the demand
nor the supply relationship shift, under the baseline parametrization money
shocks are neutral with respect to relative prices and allocations, as shown
in the first column of Table 2.

However, monetary shocks may induce wealth and terms of trade effects
that shift the relative demand relationship. In these situations monetary
shocks are not neutral. For example, consider the case (shown in the second
column of Table 2) of φ being less than one, while the remaining parame-
ters are left to the values of the benchmark parametrization in Table 1. A
positive monetary shock causes an increase (deterioration) of the terms of
trade41, thus, as equation (46) shows, the relative demand curve shifts to the
right. The second column of Table 2 shows that, as a result of the shift due
to the terms of trade effect, relative output YTH

YN
increases initially. This hap-

pens because the terms of trade depreciation makes Home tradeables more
attractive and substitution towards nontradeables CN is low (φ < 1). In
addition to this terms of trade effect, there is also a wealth effect. The latter
arises because the positive monetary shock makes tradeables goods CT more
expensive, and since substitution towards nontradeables CN is low, Home
individuals prefer to borrow in order to be able to afford tradeables CT in
the current period. The wealth effect influences the relative demand (46)
alongside the terms of trade effect, but the wealth effect is gradual, since
B is a stock variable that adjusts slowly, while the terms of trade effect is

40Higher future real marginal costs will occur because wages will rise after a monetary
shock, but prices will not fully adjust. Moreover, if α < 1, the increase in output after a
monetary shock will contribute to the rise in real marginal costs.

41Under all parametrisations, a positive monetary shock causes a depreciation of the
Home currency. Since prices are rigid, this always results in a deterioration of the terms
of trade Tt, and in an increase in the price of tradeables PT,t.
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Table 2: Responses to a Home monetary shock∗

t Baseline φ = 0.2 φ = 5 σ = 2 θ = 0.2 θ = 5
θ = 5 &
α = 0.7

Response of PTH
PN

1 0 0 0 0 0 0 0.057
5 0 0 0 0 0 0 0.119
21 0 0 0 0 0 0 -0.014

Response of YTH
YN

1 0 0.324 -1.463 0.178 -0.570 2.848 2.777
5 0 0.122 -0.456 0.052 -0.167 0.834 0.872
21 0 0.028 0.015 -0.007 0.021 -0.106 -0.097

Response of nTH
nN

1 0 0.324 -1.463 0.178 -0.570 2.848 3.968
5 0 0.122 -0.456 0.052 -0.167 0.834 1.246
21 0 0.028 0.015 -0.007 0.021 -0.106 -0.138
* = The baseline parametrization is shown in Table 1. Responses are per-
cent deviations from steady state values, t is measured in quarters. The other
specifications differ from the baseline only with respect to the parameters
indicated at the top of each column.

maximum at impact42. Both the wealth effect and the terms of trade effect
are permanent, and in the long run there is a higher demand for relative
output YTH

YN
.

The third column of Table 2 shows the case of φ greater than one. After
a positive Home money shock, the relative demand curve shifts initially to
the left, then gradually to the right. As a result, an increase in Home money
supply increases at impact relative output and employment if φ is less than
one, and decreases at impact relative output and employment if φ is greater
than one.

Similar reasonings help explain the remaining columns of Table 2. Shifts
in the relative demand relationship occur if either φ, θ or σ are different
from one. In the presence of decreasing marginal productivity of labour,
monetary shocks affect relative prices as well, since the relative supply curve
is no longer horizontal. For example, if θ = 5 and α = 0.7, then a positive

42Since wealth effects (changes in B) constitute a reallocation of wealth across countries,
they are always associated with permanent terms of trade effects. When there are no
wealth effects, in the long run the terms of trade goes back to its initial value.
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Home monetary shock causes initially an increase in relative prices, followed
by a decrease.

5.1.2 The consequences of productivity shocks

Let us consider the two types of productivity shocks in the Home country,
consisting of one percent innovations in the productivity processes for trade-
ables and nontradeables.

Positive productivity shocks lower real marginal costs for firms, thus in-
ducing them to lower their prices. Therefore, after a productivity shock in
one of the two sectors is observed, both the expected future inflation differ-
ential and the expected future real marginal cost differential change, and as
a result the short run relative supply relationship shifts. In particular, the
short run relative supply relationship shifts up after a positive productivity
shock in the TH sector, down after a positive productivity shock in the N
sector. As for the relative demand relationship, it does not shift under the
baseline parametrization, since in this particular case there are no perma-
nent wealth effects, and changes in the terms of trade are not transmitted
whenever φ is equal to 1.

The columns of Tables 3 and 4 can be understood then by simply looking
at Figure 1 and “introducing the dynamics” to it. For example (Table 3), a
positive productivity shocks in the TH sector shifts the relative supply down,
thus lowering relative prices and increasing relative output. Moreover, since
now tradeable output can be produced with less labour, relative employment
falls at impact. All these responses are temporary, and they are opposite in
sign if the positive productivity shock occurs in the N sector (Table 4).

In the presence of decreasing marginal productivity of labour (columns
3 and 4 of both tables), the effects of productivity shocks on relative prices
and output are analogous in sign, but their magnitude at impact is reduced
by the positive slope in the relative supply curve. Moreover, with decreasing
marginal productivity of labour, the response of relative employment after a
productivity shock is amplified. This happens because a positive productivity
shock in one sector allows firms within that sector to dispense with labour,
and the less productive are the workers, the more labour is dispensed.

The response of relative output can be considerably higher if the parame-
ters φ or θ are different from one. This happens because when φ and θ are
different from one productivity shocks bring about permanent wealth effects,
and as a result the relative demand relationship (whose slope is given by the
inverse of φ) shifts.

The last columns of Tables 3 and 4 show that both the parameter ϕ and
the autoregressive parameter of the productivity shock affect affect the size of
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and the persistence of the responses. This happens because these parameters
determine the expected future inflation and real marginal cost differentials.

Table 3: Responses to a Home productivity bzTH,t shock∗

t Baseline α = 0.85 α = 0.7 φ = 5 θ = 5 ϕ = 0.9 AR = 0

Response of PTH
PN

1 -0.194 -0.129 -0.099 -0.194 -0.194 -0.055 -0.064
5 -0.457 -0.351 -0.291 -0.457 -0.457 -0.181 -0.020
21 -0.138 -0.147 -0.150 -0.138 -0.138 -0.140 0

Response of YTH
YN

1 0.194 0.129 0.099 0.582 0.444 0.055 0.064
5 0.457 0.351 0.291 1.371 1.232 0.181 0.020
21 0.138 0.147 0.150 0.415 0.277 0.140 0

Response of nTH
nN

1 -0.806 -1.025 -1.286 -0.418 -0.556 -0.945 -0.936
5 -0.199 -0.359 -0.522 0.715 0.576 -0.476 0.020
21 0.017 0.030 0.040 0.294 0.156 0.019 0
* = See Table 2.

5.1.3 The consequences of government expenditure shocks

Under the baseline parametrization, increases in government expenditures
on either good do not shift the relative supply relationship in the short-
run, since the expected future inflation differential and the expected future
real marginal cost differential are not affected. However, as shown by the
analytical expressions for the short and the long run, the relative demand
relationship is shifted by changes in government expenditure. Therefore,
when the relative supply relationship is horizontal, government expenditure
shocks affect only relative quantities, but not prices. When the relative
supply relationship is upward-sloping (decreasing marginal productivity of
labour), government expenditure shocks affect both relative quantities and
prices.

For example, after a positive government expenditure shock in tradeables
(nontradeables) the demand relationship in Figure 1 shifts up (down) in the
short run, and, as a result, relative output and employment increase (de-
crease), in order to accommodate the changes in demand brought about by
government spending. In the case of decreasing marginal productivity of
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Table 4: Responses to a Home productivity bzN,t shock∗

t Baseline α = 0.85 α = 0.7 φ = 5 θ = 5 ϕ = 0.9 AR = 0

Response of PTH
PN

1 0.194 0.129 0.099 0.194 0.194 0.055 0.064
5 0.457 0.351 0.291 0.457 0.457 0.181 0.020
21 0.138 0.147 0.150 0.138 0.138 0.140 0

Response of YTH
YN

1 -0.194 -0.129 -0.099 -0.753 -0.194 -0.055 -0.064
5 -0.457 -0.351 -0.291 -1.805 -0.457 -0.181 -0.020
21 -0.138 -0.147 -0.150 -0.531 -0.138 -0.140 0

Response of nTH
nN

1 0.806 1.025 1.286 0.247 0.806 0.945 0.936
5 0.199 0.359 0.522 -1.148 0.199 0.476 -0.020
21 -0.017 -0.030 -0.040 -0.409 -0.017 -0.019 0
* = See Table 2.

labour, relative prices must increase (decrease), and the effects on relative
employment are more pronounced, since increases (decreases) in output must
be accompanied by higher increases (decreases) in employment, to compen-
sate for the decreasing productivity.

Tradeables and nontradeables government expenditure shocks have a sym-
metric impact on relative output, unless the weight of nontradeable goods
in total consumption γ, and the weights of Foreign tradeables δ and δ∗ (not
shown in the Tables), are different from 0.5. The parameters γ, δ and δ∗

affect the coefficients k1, k6 and k7 which appears in the relative demand
equations. This happens because γ, δ and δ∗ affect the steady state terms
of trade, and in this way they affect the coefficients of the approximated
log-linearised solution.

Moreover, ass explained in Section 4, the steady state terms of trade is
also affected by the values chosen for the unconditional means of the produc-
tivity processes. Consequently, different assumptions on the ratio between
the unconditional means of the tradeable productivity shocks in the two coun-
tries also affect the coefficients of the relative demand relationships. As an
example, the last columns of Tables 5 and 6 show that different assumptions
on these ratios affect the responses of relative output and prices to govern-
ment expenditure shock. In other words, what these columns show is that a
wrong calibration of the steady state terms of trade may introduce erroneous
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responses.

Table 5: Responses to a government expenditure dGTH,t shock∗

t Baseline α = 0.85 γ = 0.25 γ = 0.75
zTH,0
z∗TF,0

= 5
zTH,0
z∗TF,0

= 0.2

Response of PTH
PN

1 0 0.014 0 0 0 0
5 0 0.037 0 0 0 0
21 0 0.016 0 0 0 0

Response of YTH
YN

1 0.707 0.693 0.452 1.917 0.473 1.057
5 0.464 0.427 0.296 1.258 0.310 0.694
21 0.086 0.070 0.055 0.233 0.057 0.129

Response of nTH
nN

1 0.707 0.816 0.452 1.917 0.473 1.057
5 0.464 0.502 0.296 1.258 0.310 0.694
21 0.086 0.083 0.055 0.233 0.057 0.129
* = See Table 2.

5.2 The transmission of shocks

This section investigates how shocks to the Home and Foreign nominal growth
rates, technologies and government expenditures are transmitted to the key
macroeconomic variables in the model. Since the literature on new open
economy models has expanded considerably in recent years, it is possible to
find studies that explain the transmission mechanism of monetary shocks
either in the Obstfeld and Rogoff’s Redux model43 or in some of its modifi-
cations44. The contribution of this paper therefore consists in adding more
shocks and considering more than one modification to parameters and pref-
erences, in order to appraise the consequences of shocks not only in absolute
terms, but also relative to one another. Models can be evaluated not only by
their ability to match unconditional moments in the data, but also by their
ability to generate responses of plausible sign and magnitude to identified

43For example, Mark (2001), and obviously Obstfeld and Rogoff (1995, 1996).
44For example, Tille (2001) for different cross-country and within-country substitutabil-

ity of goods, Hau (2000) for non-traded goods, Warnock (2003) for home bias in prefer-
ences, Betts and Devereux (1996, 2000) for local currency pricing.
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shocks.
Then, the transmission of productivity shocks. Positive shocks in pro-

ductivity trigger a fall in prices, and thus an increase in real money balances
and consumption. Since shocks in Foreign nontradeables do not affect Home
prices, they are not transmitted to Home consumption. Figure 2 shows that,
in the baseline parametrization, shocks in bzN have more impact on Home
consumption than shocks in bzTH or bz∗TF . This happens because, in this para-
metrization, nontradeable goods are given the same weight as the composite
bundle of Home and Foreign tradeables, and as a result Home nontradeables
productivity shocks have more impact on the Home CPI than either kind of
tradeable productivity shock. Because there is no capital, the persistence of
the productivity shocks is a very interesting feature of the model. Productiv-
ity shocks are transmitted through the change in prices, but this can happen
only gradually, because of price rigidities. As a result, productivity shocks
have persistent effects on real money balances and consumption. Hence, the
persistence of productivity shocks is due to the nominal rigidities and does
not require the presence of capital in the model.

Finally, the transmission of government expenditure shocks. Positive gov-
ernment expenditure shocks increase output, thus they have both a positive
and negative effect on the left-hand side of equation (52) in Appendix B.
However, the net effect of government expenditure on the current account
is zero, as equation (48) shows. Equation (48) is obtained by substituting
out of the Home and Foreign aggregate resource constraints a market clearing
condition for Home and Foreign tradeable output. Hence, the increase in out-
put demand induced by a positive government expenditure shock is exactly
counterbalanced by an analogous increase in output supply, with no effects
on the current account and consumption. Sensitivity analysis has shown that
the neutrality for consumption of government expenditure shocks is a sta-
ble feature of the model, with the exception of decreasing marginal labour
productivity. Table 7 shows that if α < 1 government expenditure shocks
have a negative impact on consumption. This happens because increases in
government expenditures boost the demand for output; if α < 1, firms ex-
pand production but increase their prices at the same time. The fact that
government expenditure shocks are followed by increases in prices if α < 1
can be inferred from equations (59) to (62). The increases in prices explains
why government expenditure shocks have a negative impact on consumption
if α < 1.

By comparing the responses in Figure 2 to the responses in the model
without the choice of allocations (Figure 3), it is possible to assess how the
dynamics of consumption is affected by the introduction of probabilities in
the utility function. The different responses in Figures 2 and 3 are due to the
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slope of the labour supply, and the response of real wages, in the two cases.
In the model without the choice of allocations the sectoral, log-linearised
labour supply has a “standard” slope, that is, increases in hours worked
require an increase in the real wage. However, in the model with the choice
of allocations, changes in labour supply (in each sectoral labour market) are
not associated with changes in real wages47. Therefore, while in the model
with the choice of allocations output increases do not entail increases in the
real wages, in the model without the choice of allocations shocks that cause
output to increase are followed by increases in real wages, which in turn have
a positive effect on prices, because of the firms’ pricing behaviour.

For example, let us consider a positive Home or Foreign monetary shock.
In the model without the choice of allocations this is followed by an increase
in real wages, consequently, there is a higher increase in prices and a lower
impact on consumption, compared to the model where individuals can choose
the probabilities of working in sectors. Next, let us consider a positive Home
or Foreign productivity shock. This causes a decrease in Home or Foreign
wages. In the model without the choice of allocations the fall in wages is
more pronounced (because it is tied in with a fall in hours), and as a result,
the consequent fall in prices and the positive impact on consumption are
more pronounced. Lastly, consider a positive Home or Foreign government
expenditure shock. Its effect is to increase Home or Foreign output. In
the model without the choice of allocations real wages go up with output,
therefore prices increase too, and by this way the effect on consumption is
negative.

Figures 4 and 5 show the response at impact of consumption after a
Home monetary shock, for different values of σ, φ and θ. Changes in these
parameters are associated with permanent wealth effects, which influence
consumption. For example, if φ > 1

σ
individuals are more willing to postpone

the consumption of tradeable goods and lend units of CT abroad: a positive
Home monetary shock induces a positive wealth effect in the Home country,
and the response of Home consumption becomes larger. If θ > 1, TH and
TF goods are close substitutes and a positive Home monetary shock induces

47This result follows from the log-linearized first-order conditions for labour supply in
the model with the choice of allocations, and from the fact that bhTH,t = bhN,t = 0.

The economic intuition of this result is the following. Because the disutility of work
is convex in hours (but linear in probabilities), individuals want to keep working hours
always constant and equal to the steady state values. Therefore, all the adjustment takes
place along the extensive margin. Individuals only accept the change in the real wage
that will keep their hours constant, and the only way to for them to achieve this result
is to accommodate all the labour demand from firms. In each of the two sectoral labour
markets, the log-linearized labour supply (in probabilities) is infinitely elastic.
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5.2.4 The response of output and employment

As it can be seen from Figure 18, the response of Home real output51 to
Home monetary shocks is the highest in the short run, while productivity
shocks in the Home country and Home government expenditure shocks have
a higher response in the long run. Then, if all shocks have the same variance,
the model identifies monetary shocks as the main source of short-run output
fluctuations, and productivity and government expenditure shocks as the
main source of medium to long-run output fluctuations.

Let us analyse the transmission of monetary shocks first. An increase in
Home money supply has a positive effect on Home and Foreign consumption
and causes a depreciation of the Home currency. Home output is driven up
partly by the increase in Home and Foreign consumption, and partly by the
depreciation, which makes Home tradeable goods cheaper. However, For-
eign money shocks have no effect on Home output. This happens because
of the values chosen for the elasticities of substitution in the baseline para-
metrization. After a positive Foreign monetary shock, the Home currency
appreciates and Home tradeable goods become more expensive compared to
Foreign tradeable goods. Under the baseline parametrization, after a posi-
tive Foreign money shock demand increases only for Foreign goods, while the
demand for Home tradeables and nontradeables is unaffected.

Then, the transmission of productivity shocks. It is interesting to note
that, without capital accumulation, productivity shocks produce a hump-
shaped response that peaks at roughly one quarter. The persistence of pro-
ductivity shocks is explained by nominal rigidities. After a positive pro-
ductivity shock in the Home country, Home firms reduce their prices, thus
inducing individuals to increase consumption. Output increases to meet the
demand for consumption, however, because of price rigidity the fall in prices
is gradual, so the impact on consumption is long-lasting. Finally, government
expenditure shocks increase the demand for output and are never transmit-
ted abroad, as governments purchase only tradeable and nontradeable goods
produced in their own country.

The responses of output to the shocks in the model without the choice of
allocations are qualitatively similar, as shown by Figure 19. However, their
sizes are markedly different, since the responses to money and government
shocks are dampened, and the responses to productivity shocks are amplified,
compared to the model with the choice of allocations. This happens because
increases in output entail increases in hours worked, but in the model without
the choice of allocations increases in hours drive real wages up. As a result,

51Here real output is the sum of tradeable and nontradeable output, evaluated at con-
stant, steady state, prices.
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firms pass part of the increase in real wages onto prices, curbing demand. The
explanation of why the response of output to productivity shocks is amplified
in the model without the choice of allocations also revolves around labour
supply. Contrary to monetary and government expenditure shocks, positive
productivity shocks are associated with reductions in labour demand52. As
a result, hours worked fall, and in the model without the allocations choice
real wages must fall until labour supply becomes equal to demand. Then,
the fall in real wages results into lower prices and higher output demand.
Therefore, in the model without the choice of allocations, productivity shocks
are followed by a marked increase in output, which is relatively stronger than
in the model with the choice of allocations.

Figures 20 to 23 illustrate that if the assumptions of unitary elasticities
φ and θ are relaxed, then Foreign monetary and nontradeable productivity
shocks have an impact on Home output, but they generate only very small
effects that are indeterminate in sign. In fact, if the elasticities φ and θ are less
than one, then Foreign shocks have a positive impact on output, otherwise
the sign is reversed. After a positive Foreign monetary shock, consumption
increases in both countries, and the Home currency appreciates. Because of
the nominal appreciation, PT goes down but P ∗T goes up, hence the aggregate
basket of tradeable goods becomes relatively less expensive (compared to
nontradeables) in the Home country, and relatively more expensive in the
Foreign country. Moreover, Home tradeable goods become relatively more
expensive compared to Foreign tradeable goods. When either φ or θ are
low, individuals in the Foreign country (where the response of consumption
is higher) substitute little towards, respectively, nontradeables or Foreign-
produced tradeables. However, when either φ or θ are high, substitution
effects are more pronounced, and a positive Foreign monetary shock has a
negative impact on Home tradeable goods and Home output. In the case of
Foreign productivity shocks, their main consequence is the fall of prices in
the relevant sectors and the increase in Foreign consumption. If φ or θ are
low, substitution effects are small, and the increased consumption demand in
the Foreign country results in more demand for Home tradeable goods and
output.

Figure 24 shows the impulse responses of total Home employment, which
is defined as the sum of the employment rates in the two sectors. Using
equations (1) and (2), it can be shown that the responses of total employ-
ment are the same as the responses of real output presented in Figure 18,

52Positive monetary and government expenditure shocks are associated with increases in
hours worked (because output increases drive up hours), while positive technology shocks
cause a decrease in hours worked (because firms require less labour).
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except for productivity shocks and in the case of decreasing labour produc-
tivity. For this reason, Figure 24 shows the responses with decreasing labour
productivity alongside the responses with constant labour productivity.

Total employment increases after a positive monetary or government ex-
penditure shock, since firms can satisfy the higher output demand only by
increasing the labour input. In the case of decreasing labour productivity,
firms must employ more workers in order to satisfy demand. On the other
hand, after a positive productivity shock more output can be produced with
less labour, therefore employment falls. With decreasing labour productivity
firms cut more workers because labour is less productive, since one worker
produces less than one unit of output (adjusted for productivity). Moreover,
sensitivity analysis shows that if the assumptions of unitary elasticities φ and
θ are relaxed, then Foreign monetary and nontradeable productivity shocks
can have an impact on Home employment, as one could expect by looking
at Figures 20 to 23. These effects are positive for low values of φ and θ, and
negative for values of φ and θ greater than one, both for productivity and
monetary shocks.

6 Conclusion

Using a two-country general equilibrium model with monopolistic competi-
tion and sticky prices, this paper examines separately the relative effects and
the aggregate effects of a wide range of shocks.

Regarding the transmission of shocks to the relative price and the allo-
cation of tradeable versus nontradeable goods, the core message is that not
only sector-specific supply or demand shocks have small to sizeable relative
effects, but so do aggregate monetary shocks. These effects change in both
sign and magnitude under alternative parametrizations, and the assumption
that the marginal labour productivity is decreasing.is crucial to obtain a
relative supply curve with an upward slope.

Regarding the transmission of shocks to the main macroeconomic vari-
ables, the results from the sensitivity analysis shown in Section 5.2 are not
only useful to understand the “new open economy models”, but they also
make it possible for a researcher to evaluate whether the empirical calibra-
tion of this model (or a similar one) is likely to be successful, or else some
change in the assumptions is needed to match the data. This point can be
illustrated with reference to the main findings of the chapter.

The strong impact of money on all variables in the short run may be
altered by resorting to a different calibration of the shock53, but the absence

53For example, the shock may be in the level instead of in the growth rate of money.

52



of persistence is an inherent feature of this and similar models, since changes
in parameters did not have a noticeable effect on it.

The effects of government expenditure shocks on output have been shown
to be sensitive to changes in parameters: this means that there are some
gains that can be exploited by some suitable empirical calibration and test-
ing procedure. However, under all parametrizations the responses of output
to government expenditure shocks were rather weak and poorly persistent,
calling for a change in some of the modelling assumptions. A change is also
needed to allow government expenditure shocks having an effect on the real
exchange rate. But on the positive side, the assumption that individuals
cannot work in both sectors seems to be a desirable feature to have in the
model, since it prevents government expenditure shocks having a negative
effect on consumption.

Lastly, the effects of Foreign shocks on Home output and employment.
Since changes in the elasticities of substitution generate responses having
different size and magnitude, the model is very flexible54. In particular,
by allowing the elasticities to differ across countries, it could be possible to
reproduce the internationally asymmetric effects of money shocks55. As there
are no papers that estimate two-country models by looking at the responses
to foreign shocks, this very interesting area of research is still unexplored.

In this Chapter monetary policy is not specified by means of an interest rate rule. This
is because shocks to the interest rate rule are not unambiguously monetary in nature,
furthermore, with an interest rate rule it is not possible to isolate the genuine transmission
mechanism from the monetary policy reaction, since the response of all variables depends
on the behaviour of the central bank.

54For example, in the Mundell-Fleming-Dornbusch model, a monetary expansion in one
country produces a negative output response in the other country. See Borondo (2002).

55The empirical literature has highlighted that shocks originating in the US seem to have
different effects on European variables than shocks originating in Europe on US variables.
See, for example, Perez, Osborn and Artis (2003).
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The adjustment in the labour input takes place only along the intensive
margin. Individuals’ labour supply, obtained by log-linearising the first-order
condition (65), is for aggregate hours worked in both sectors, while firms’
labour demands, obtained by log-linearising equations (66) and production,
are sector-specific. Therefore, the demand side determines how aggregate
hours supplied are allocated across sectors.

Finally, the choice of parameter values in the model without the choice of
allocations is as follows. The discount factor β is set to 1/0.04. The steady
state terms of trade is determined following the same procedure described in
Section 3. The goal of the procedure described in Section 3, which follows
Obstfeld and Rogoff (1995), is to determine the terms of trade endogenously,
without making any normalization of the unconditional means of the exoge-
nous technology processes. Such normalization may be difficult to justify
in an empirical application of the model. Utility from leisure is given by
v (x) = κxω

ω
. The preference parameters κ, ψ and ω are determined endoge-

nously so that hours worked in the steady state are equal to 324.8/1369 and
the Frisch elasticity of labour supply is in the range of estimates found by
MaCurdy (1981). In this way the choice of parameter values is analogous to
the one adopted for the model with the choice of allocations.
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