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chastic general equilibrium (DSGE) model in which there are
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exporting country. In our benchmark calibration, we find that
the tailwind effect, lowering inflation in the home economy,
dominates the headwind effect. However, if the oil demand
elasticity is low (equal to the empirical short-run estimate) or
the labor market is flexible, inflation at home rises in the sub-
sequent periods as a result of the foreign productivity shock.
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Board of Governors of the Federal Reserve System, Division of Monetary Affairs,
20th Street and Constitution Avenue NW, Washington, DC 20551, USA; e-mail:
anna.lipinska@frb.gov. Millard: Bank of England, Monetary Analysis, Structural
Economic Analysis Division, Threadneedle Street, London, EC2R 8AH, United
Kingdom; e-mail: stephen.millard@bankofengland.co.uk.

227



228 International Journal of Central Banking March 2012

Figure 1. Quarterly Real GDP Growth in 1995–2008

Data Source: Datastream.

1. Introduction

Recently, much has been written about the impact of globaliza-
tion on the economy.1 It is clear that the pace of globalization
has increased since the early 1990s, in both advanced and emerg-
ing economies, and we might expect this development to have a
major impact on the world economy. An important part of this has
been the emergence of the so-called BRIC economies—Brazil, Rus-
sia, India, and, perhaps most important, China—which have been
experiencing rapid rises in productivity and gross domestic product
(GDP) over this period (see figure 1).

Many authors have argued that increased trade with the BRIC
economies has helped keep inflation low in the developed world—
so-called tailwind—by depressing import prices and increasing the
share of imports in domestic demand.2 Furthermore, more intense
global competition can reduce the markups of domestic producers

1See, e.g., Bean (2006), International Monetary Fund (2006), Borio and
Filardo (2007), and Lomax (2007).

2See, e.g., Nickell (2005), Bean (2006), and European Central Bank (2006).
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Figure 2. Quarterly CPI Inflation in 1995–2008

Data Source: Datastream.

and put downward pressure on wages, as well as raise productivity
growth, as firms are put under increasing pressure to innovate. Pro-
duction costs may also fall as firms increasingly find it easier to move
activities offshore to low-cost countries and, through increased inter-
national mobility, to source low-cost labor from abroad rather than
bidding up wages to attract workers from domestic firms. Aggregate
production costs could also fall as inefficient firms exit the market.
All of these factors could help explain why inflation has been so low
in the developed world over the past decade (figure 2).

But there may be an inflationary headwind acting to counteract
the tailwind. As shown by Campolmi (2008) and Hamilton (2009),
among others, this headwind arises because rapid growth in emerg-
ing economies can push up the global price for commodities, such
as oil and steel. Indeed, figure 3 shows that oil prices have increased
dramatically over the past ten years—that is, at the same time as
the rapid growth in the BRIC economies. Given such a rise in com-
modity prices, all countries importing these commodities will suffer
an increase in their production costs and, potentially, their aggregate
inflation rates.
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Figure 3. Oil Price in 1995–2008

Data Source: Datastream.

The goal of this paper is to develop a calibrated structural model
within which we can assess the quantitative impact of cheaper for-
eign goods and more expensive commodities on home inflation. This
model will enable us to measure the quantitative impact of the per-
sistent productivity increase in the BRIC economies on inflation
in the G-7. We can then work out the key parameters determin-
ing how large the tailwind and headwind effects are and determine
how robust our results are to reasonable changes to these parameter
values. In particular, we study the importance of foreign monetary
regime, degree of labor market flexibility, elasticity of oil, degree of
financial integration, and trade elasticity. In doing so, we aim to
increase our understanding of the links between growth in the BRIC
economies, oil prices, and the G-7 inflation.

Our benchmark results indicate that the tailwind effect com-
ing from cheaper foreign goods is stronger than the headwind effect.
Moreover, the tailwind effect is immediate, while the headwind effect
is delayed by one period due to a hump-shaped response of oil prices
to an increased oil demand. However, our sensitivity analysis indi-
cates that the headwind effect can actually outweigh the tailwind
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effect for the low oil demand elasticity (which reflects the short-run
empirical estimate) or in the case of a flexible labor market.

Previous authors have looked at the question of why the rise in
oil prices from 2003 to 2008 has had a much smaller effect on output
and inflation in the G-7 than similar rises in the 1970s and early
1980s. Blanchard and Gaĺı (2010) examine four different hypothe-
ses: good luck, a smaller share of oil in production, more flexible
labor markets, and improvements in monetary policy. They con-
clude that all four were important in lowering the impact of the
oil shock. Kilian (2009) makes the point that it is the shock that
caused oil prices to rise that matters. He uses a structural vector
autoregression (SVAR) approach to decompose oil price movements
into crude oil supply shocks, shocks to global demand for all indus-
trial commodities, and shocks to global demand for oil specifically
(capturing rises in precautionary demand associated with concerns
about future supply shortfalls). He finds that the recent increase in
oil prices resulted from a global demand shock and this is why it
had smaller output and inflation effects than previous oil shocks.

Campolmi (2008) takes this finding further by demonstrating
that it is exactly what a theoretical model would suggest. More
specifically, she used a two-country model to show that a posi-
tive productivity shock in the foreign economy (she was thinking of
China) led to a rise in the demand for, and hence the price of, oil with
the sort of effects on the home economy that were seen in the United
States in the 2000s.3 Her paper is clearly similar to ours, though our
emphasis is on the effects of the productivity shock specifically rather
than on an explanation of the effects of oil price rises. In addition,
we also consider the factors examined by Blanchard and Gaĺı (2010)
and ask to what extent they affect the response of the home economy
to a foreign productivity shock.

The structure of the paper is as follows. In section 2, we develop
the model we are going to use to analyze these issues before dis-
cussing its calibration in section 3. Section 4 considers the effects
of globalization on the responses of variables to monetary policy

3Unalmis, Unalmis, and Unsal (2008) carry out a similar exercise using a small
open-economy model in which the “oil demand shock” results from an exogenous
increase in output in the rest of the world.
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shocks and asks, under what conditions does globalization generate
a tailwind or a headwind? Finally, section 5 concludes.

2. The Model

Our paper takes as its starting point the model of Campolmi (2008).
Following Campolmi (2008), we considered a world of three coun-
tries: home and foreign, which can be thought of as the G-7 and
the BRIC economies, respectively, and an oil producer, which sells
its endowment of oil and spends the associated revenues on con-
sumption of goods from both the developing and developed worlds.
We modified the model of Campolmi (2008) in several ways to take
account of different channels through which oil may affect the trans-
mission of shocks. In particular, we introduced additional headwind
channels. First, we assumed that oil is directly consumed by house-
holds instead of being used only in production. In this way, we
accounted for a direct headwind effect on households. Second, we
introduced a constant elasticity of substitution (CES) production
function and assumed that oil and labor are complements in the
production process. This enabled us to capture an increased demand
for oil resulting from the productivity increase and thus strength-
ened the headwind effect via marginal costs. Third, we assumed that
financial markets are internationally incomplete. This assumption
implies that international risk sharing is not complete. As a result,
consumers in the developed world have a limited ability to switch
their consumption toward cheaper goods from the developing world.
Thus, the strength of the tailwind effect coming from the cheaper
goods in the developing world is reduced. Finally, following the lit-
erature (e.g., Obstfeld and Rogoff 2000b), we assumed that home
and foreign goods are substitutes and introduced a CES aggregator
for home and foreign goods.

The home and foreign economies consist of consumers, firms pro-
ducing final goods, and firms producing intermediate goods. In addi-
tion, there is a monetary authority in each country that sets interest
rates. Figure 4 shows how consumers and firms in the three coun-
tries interact. In what follows, we discuss the maximization problems
faced by agents in the domestic economy, derive their first-order
conditions, and simply state the analogues for the foreign economy.
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Figure 4. The Model Economy

2.1 Households

The economy consists of a unit continuum of households. The repre-
sentative household—household j—derives utility from consuming
home and foreign goods and disutility from working. Its problem
is to maximize the current and present discounted value of its util-
ity streams subject to its budget constraint. Mathematically we can
write this as

max Et

∞∑
r=0

βr

⎛⎝ σ

σ − 1

(
ct+r(j)

cψhab

t+r−1

)σ−1
σ

− κh
σh

σh + 1
ht+r(j)

σh+1
σh

⎞⎠
(1)

subject to

Bt+r(j) = Bt+r−1(j)(1 + rt+r−1) − Pt+rct+r(j)

+ Pt+rwt+r(j)ht+r(j) + Dt+r(j), (2)

where β is the discount factor, σ is the intertemporal elasticity of
substitution, σh is the elasticity of labor supply, κh is the weight on
leisure in the utility, ψhab is the parameter governing the degree of
external habits in consumption, c(j) is j’s aggregate consumption, c
is aggregate (economy-wide) consumption, h(j) is j’s supply of labor
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(total hours worked), B(j) is household j’s end-of-period holdings of
domestically issued bonds, r is the domestic nominal interest rate,
P is the domestic price level, w(j) is the real wage earned by j, and
D(j) represents the share of profits made by domestic firms that is
distributed to household j. We note that we assumed international
financial markets to be incomplete in the sense that it is impossible
to fully insure against country-specific risk.

Following the literature, we also assumed that households have
access to financial markets that enable them to insure against idio-
syncratic wage risk. Given this assumption, individual household
consumption will equal aggregate consumption. The first-order con-
ditions for consumption, domestic bond holdings will then imply
that

(ct)− 1
σ −ψhab( 1

σ −1)c
ψhab( 1

σ −1)
t−1 = β(1 + rt)Et+r

⎛⎝ c
− 1

σ
t+1

1 + πt+1

⎞⎠ , (3)

where πt is the aggregate inflation rate in the home economy.
For the foreign economy, we assumed that its budget constraint

is given by

StB
∗
t (j) = StB

∗
t−1(j)(1 + it−1) − P ∗

t c∗
t (j) + P ∗

t w∗
t (j)h∗

t (j)

+ D∗
t (j) − χbf

2
(StB

∗
t (j))2. (4)

Here c∗(j) is foreign household j’s aggregate consumption, c∗ is
aggregate foreign consumption, h∗(j) is foreign household j’s supply
of labor (total hours worked), S is the nominal exchange rate (units
of foreign currency per unit of domestic currency), B∗(j) is foreign
household j’s end-of-period holdings of home bonds, r∗ is the for-
eign nominal interest rate, w∗(j) is the real wage earned by foreign
household j, and D∗(j) represents the share of profits made by for-
eign firms that is distributed to foreign household j. The final term
represents the costs to foreign investors of adjusting their holdings of
domestic bonds and ensures that the net foreign asset position of the
two economies is pinned down in the steady state (see, e.g., Benigno
2009). In particular, we assumed that in the steady state, neither
economy is a net borrower from or a net lender to the other. To
reduce notation, we also assumed that no foreign bonds are issued
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in or out of the steady state—i.e., all international borrowing or
lending is carried out via home bonds. The first-order conditions for
the foreign economy are

(
c∗
t

)− 1
σ −ψhab( 1

σ −1)(
c∗
t−1

)ψhab( 1
σ −1) = β

(
1 + r∗

t

)
Et

⎛⎝ c
∗− 1

σ
t+1

1 + π∗
t+1

⎞⎠ ,

(5)(
c∗
t

)− 1
σ −ψhab( 1

σ −1)(
c∗
t−1

)ψhab( 1
σ −1)

= β(1 + rt)Et

⎛⎝ c
∗− 1

σ
t+1

1 + π∗
t+1

St+1

St(1 + χbfStB∗
t )

⎞⎠ . (6)

We combined equations (5) and (6) to obtain the uncovered interest
parity condition:

1 + rt

1 + r∗
t

=
St(1 + χbfStB

∗
t )

EtSt+1
. (7)

Now, we assumed that aggregate consumption is a CES aggregator
of consumption of (domestically produced) final goods and consump-
tion of oil:

ct =
(

(1 − ψc,o)c
σc−1

σc

h,t + ψc,oc
σc−1

σc
o,t

) σc
σc−1

, (8)

where σc is the elasticity of substitution between goods and oil con-
sumption, ψc,o is the share of oil in the home consumption, ch is
consumption of home-produced final goods, and co is consumption
of oil. If we defined the aggregate price index to be the minimum level
of expenditure necessary to give a particular level of consumption,
then we obtained the following:

1 = (1 − ψc,o)σcp1−σc

h,t + ψσc
c,op

1−σc
o,t , (9)

where ph and po are the relative (to the aggregate consumer price
index) prices of home final goods and oil, respectively. Note that all
relative prices represent the price of a unit of that particular good
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purchased in the home economy relative to the price of a unit of the
home consumption good purchased in the home economy.

Demand for the two goods (conditional on aggregate demand)
will be given by

ch,t = (1 − ψc,o)σcp−σc

h,t ct, (10)

co,t = ψσc
c,op

−σc
o,t ct. (11)

The analogous equations for the foreign country are

1 =
(
1 − ψ∗

c,o

)σc
(
p∗

f,t

)1−σc +
(
ψ∗

c,o

)σc(qtpo,t)1−σc , (12)

c∗
o,t = ψ∗σc

c,o (qtpo,t)1−σcc∗
t , (13)

c∗
f,t =

(
1 − ψ∗

c,o

)σc
p∗1−σc

f,t c∗
t , (14)

where ψ∗
c,o is the share of oil in the foreign consumption, p∗

f is the
relative price of the foreign final good, q is the real exchange rate,
c∗
o is foreign consumption of oil, and c∗

f is foreign consumption of
foreign-produced final goods.

2.2 Wage Setting

We supposed that individual workers are monopolistic suppliers of
their own types of labor. Therefore, they will have market power and
be able to set wages. Demand for a particular household’s worker j
can be derived from the cost minimization problem of firms and is
given by

ht(j) =
(

wt(j)
wt

)−σw

ht, (15)

where σw is the elasticity of demand for differentiated labor, w is
the economy-wide real wage, and h is the economy-wide supply of
labor. Note that the total labor supplied by household j is given by
ht(j) =

∫ 1
0 ht,j(i)di, where ht,j(i) is labor supplied by household j to

firm i. Following Erceg, Henderson, and Levin (2000), we assumed
that in each period, only a fraction of workers, (1 − αw), are able to
reset their wages optimally.
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The problem for a worker able to reset his or her wage is to
choose a wage w(j) so as to maximize

max Et

∞∑
r=0

βrαr
w

[
c
− 1

σ
t+rc

ψhab(1− 1
σ )

t+r−1 wt(j)ht+r(j)

−κh
σh

σh + 1
[ht+r(j)]

σh+1
σh

]
. (16)

The first-order condition for this problem is

W̃t

σh+σw
σh =

σw

σw − 1
W

σw
σh

t

Et

∞∑
r=0

βr(αw)rκh

[(
Wt

Wt+r

)−σw

ht+r

]σh+1
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Et

∞∑
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c
− 1

σ
t+rc

ψhab(1− 1
σ )

t+r−1
Pt+r

(
Wt

Wt+r

)−σw

ht+r

,

(17)

where W̃ is the nominal wage that will be set by all workers who are
able to reset their wages and W is the economy-wide nominal wage.
The aggregate wage index will be given by

W 1−σw
t = αwW 1−σw

t−1 + (1 − αw)(W̃t)1−σw . (18)

Combining these two equations and log-linearizing gives the wage
Phillips curve:

π̂w,t =
σh(1 − αw)(1 − βαw)

(σh + σw)αw

(
1
σh

ĥt +
1
σ

ĉt − ψhab
1 − σ

σ
ĉt−1 − ŵt

)
+ βEtπ̂w,t+1, (19)

where π̂w,t is the (log) rate of nominal wage growth, which we
assumed to be zero in the steady state. Other variables—i.e., ĥ,
ĉ, and ŵ—are the (log) deviations from the steady state of total
hours, consumption, and the real wage, respectively. We note that,
by definition,

ŵt = ŵt−1 + π̂w,t − π̂t. (20)
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The analogous equations for the foreign economy are

π̂∗
w,t =

σhαw(1 − β(1 − αw))
(σh + σw)(1 − αw)

(
1
σh

ĥ∗
t +

1
σ

ĉ∗
t − ψhab

σ − 1
σ

ĉ∗
t−1 − ŵ∗

t

)
+ βEtπ̂

∗
w,t+1, (21)

ŵ∗
t = ŵ∗

t−1 + π̂∗
w,t − π̂∗

t . (22)

2.3 Final-Goods-Producing Firms

The representative final-goods-producing firm combines intermedi-
ate goods produced at home and abroad to produce a final good.
Trade takes place at the aggregate level. The home and foreign
intermediates are aggregated using a CES technology:

yhd,t =
(∫ 1

0
(yhd,t(i))

σd
σd−1 di

)σd−1
σd

, (23)

y∗
fd,t =

(∫ 1

0
(y∗

fd,t(i))
σd

σd−1 di

)σd−1
σd

. (24)

The associated price indices are the following:

Phd,t =
(∫ 1

0
(Phd,t(i))1−σddi

) 1
1−σd

, (25)

P ∗
fd,t =

(∫ 1

0
(P ∗

fd,t(i))
1−σddi

) 1
1−σd

. (26)

We assumed that final goods firms operate a CES production func-
tion in the two intermediate goods. In addition, we assumed that
this sector is perfectly competitive. Hence, we can write the repre-
sentative firm’s problem mathematically as

max ph,tyh,t − phd,ty
h
hd,t −

p∗
fd,t

qt
y∗,h

fd,t (27)

subject to

yh,t =
(

ωy
h

σi−1
σi

hd,t + (1 − ω)y
∗,h

σi−1
σi

fd,t

) σi
σi−1

, (28)



Vol. 8 No. 1 Tailwinds and Headwinds 239

where ω is the weight of domestic intermediates in the domestic
final goods production, σi is the elasticity of substitution between
home and foreign intermediates, yh is the output of the home final
goods, yh

hd is the amount of domestic intermediates used in the home
economy, y∗,h

fd is the amount of foreign intermediates used in the
home economy, pd is the relative price of domestic intermediates,
and p∗

fd

q is the relative price (in domestic currency) of imported for-
eign intermediates. The first-order conditions for this problem imply
that

p1−σi

h,t = ωσip1−σi

hd,t + (1 − ω)σi

(
p∗

fd,t

qt

)1−σi

. (29)

The foreign analogue of this equation is

p∗1−σi

f,t = ω∗σi
(
p∗

fd,t

)1−σi + (1 − ω∗)σi(phd,tqt)1−σi , (30)

where ω∗ is the weight of foreign intermediates in the foreign final
goods production and p∗

fd is the relative price of foreign intermedi-
ates.

2.4 Intermediate-Goods-Producing Firms

There is a continuum of monopolistically competitive firms, each
supplying a single differentiated intermediate good using oil and
labor only. Production technology for firm i is given by the following
equation:

yhd,t(i) = At

(
ψy,oOhd,t(i)

σo−1
σo + (1 − ψy,o)ht(i)

σo−1
σo

) σo
σo−1

, (31)

where Od,t(i) is the oil demand for firm i; ht(i) is the labor demand
of firm i, and ht(i) = [

∫ 1
0 ht,i(j)

σw−1
σw dj]

σw
σw−1 , where ht,i(j) is the

labor of household j employed by firm i; and At is an exogenous
technology process. The cost minimization of firm i gives us

Ohd,t(i)
ht(i)

(
po,t

wt

)σo

=
(

ψy,o

1 − ψy,o

)σo

, (32)

ht,i(j) =
(

wt(i)
wt

)−σw

ht(i). (33)
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Equation (32) shows that the oil–labor ratio is identical for all inter-
mediate firms, which means that marginal cost is also identical for
all firms:

mchd,t =
1
At

(
ψσo

y,op
1−σo
o,t + (1 − ψy,o)

σow1−σo
t

) 1
1−σo . (34)

Intermediate firms have market power and choose their prices
via maximization of discounted profits. But, as in Calvo (1983),
we assumed that only a fraction of intermediate firms (denoted by
(1−αh)) can change their prices each quarter. Following Smets and
Wouters (2003) and Christiano, Evans, and Eichenbaum (2005), we
also assumed that prices of firms that cannot change their prices are
indexed to last period’s inflation—i.e., Phd,t = Phd,t−1(

Phd,t−1
Phd,t−2

)γh

and γh is the degree of indexation. Profit maximization of firm i
leads to the following first-order condition:

Et

∞∑
r=0

(βαh)rUc(ct+r)yhd,t+r(i)
(

p̃hd,t(i)
Phd,t+r

phd,t+r

(
Phd,t−1+i

Phd,t−1

)γh

− σd

σd − 1
mchd,t+r

)
= 0. (35)

The aggregate price index of home intermediate goods (in accor-
dance with equation (25)) is given by

Phd,t
1−σd = αh

(
Phd,t−1

(
Phd,t−1

Phd,t−2

)γh
)1−σd

+ (1 − αh)(p̃hd,t(i))1−σd .

(36)

Based on the above equations, we could derive the log-linearized
Phillips curve (around the steady state) for home intermediates:

π̂hd,t =
1

1 + βγh

(1 − βαh)(1 − αh)
αh

(m̂chd,t − p̂hd,t)

+
γh

(1 + βγh)
π̂hd,t−1 +

β

(1 + βγh)
Etπ̂hd,t+1, (37)
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where π̂hd,t represents inflation of home intermediates. The foreign
analogue of this equation is

π̂∗
fd,t =

1
1 + βγ∗

f

(
1 − βα∗

f

)(
1 − α∗

f

)
α∗

f

(
m̂c

∗
fd,t − p̂∗

fd,t

)
+

γ∗
f(

1 + βγ∗
f

) π̂∗
fd,t−1 +

β(
1 + βγ∗

f

)Etπ̂
∗
fd,t+1, (38)

where π̂∗
fd,t represents inflation of foreign intermediates.

2.5 Oil Producer

The oil-producing country spends its revenues on final goods pro-
duced in the two countries. To keep things simple, we supposed that
the representative consumer in this country maximizes the following
utility function:

max Et

∞∑
r=0

βrcO,t, (39)

where cO,t = ((1 − ωO)(cO,h,t+r)
σc,O−1

σc,O + ωO(cO,f,t+r)
σc,O−1

σc,O )
σc,O

σc,O−1

and σc,O is the elasticity of substitution between home and foreign
goods in the oil-producing country, ωO is the share of foreign goods
in the consumer’s basket, cO,h is the consumer’s consumption of the
home country’s goods, and cO,f is the consumer’s consumption of
the foreign country’s goods. The consumer’s budget constraint is
given by

po,t+rOt+r = ph,t+rcO,h,t+r +
pf,t+r

qt+r
cO,f,t+r =

cO,t+r

qO,t+r
, (40)

where O is the (exogenous) supply of oil, qO is the real exchange rate
between the oil producer and the home economy, and we assumed
that oil is costless to transport and that the oil producer does not
have access to world capital markets; the oil producer simply recir-
culates the revenues from its production of oil. Solving this problem
implies that

cO,h = (1 − ωO)σc,O(phqO)−σc,OcO, (41)
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cO,f = ω
σc,O

O

(
pfqO

q

)−σc,O

cO, (42)

and the price index is given by

1 = ω
σc,O

O

(
qOpf

q

)1−σc,O

+ (1 − ωO)σc,O(qOph)1−σc,O . (43)

2.6 Monetary Policy

The central bank in each country was assumed to operate a Taylor
rule:

r̂t = ρmr̂t−1 + (1 − ρm)φππ̂t, (44)

r̂∗
t = ρ∗

mr̂∗
t−1 +

(
1 − ρ∗

m

)
φ∗

ππ̂∗
t , (45)

where ρm and ρ∗
m are the smoothing parameters and φπ and φ∗

π are
the weights on inflation in the Taylor rule.

2.7 Market Clearing and Some Definitions

We assumed that in the steady state, neither country is a net bor-
rower from or net lender to the other country; that is, B = 0. Out of
the steady state, if the home economy is running a current account
deficit, it will sell domestic bonds to foreign economy; if it is run-
ning a surplus, it will buy domestic bonds from foreign households.
Of course, the world as a whole cannot borrow. Hence, we have the
world aggregate resource constraint:

ct +
c∗
t

qt
= phd,tyhd,t +

p∗
fd,t

qt
yfd,t − po,t

(
Ohd,t + O∗

fd,t

)
. (46)

The following set of equations represents the market clearing condi-
tions for the final goods market in the two countries, the intermediate
goods market in the two countries, and the market for oil:

yh,t = ch,t + cO,h,t, (47)

y∗
f,t = cf,t + c∗

O,fd,t, (48)

Ot = Ohd,t + O∗
fd,t + co,t + c∗

o,t. (49)
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Finally, we present the definition of consumer price inflation (CPI)
and its components (in the log-linearized form). Consumer price
inflation is a weighted average of non-oil and oil inflation:

π̂t = dhπ̂h,t + doπ̂o,t, (50)

where the weights represent steady-state ratios: dh = (1 −
ψc,o)σcp1−σc

h and do = ψσc
c,op

1−σc
o . Non-oil inflation is a weighted aver-

age of domestically produced intermediate inflation and imported
intermediate inflation:

π̂h,t = dhdπ̂hd,t + dfd

(
π̂∗

fd,t − Δ̂St

)
, (51)

where the weights are dhd = ωσi
p
1−σi
hd

ph
and dfd = (1 − ω)σi

(
p∗

fd

qph

)1−σi

.
Similar relations hold for the foreign economy.

2.8 Equilibrium

An equilibrium in this world is one in which consumers in both
economies are maximizing their utilities, firms in both countries are
maximizing their profits, and trade is balanced. In the appendix, we
present the steady-state equations of the model together with the
log-linearized equations that represent its equilibrium.

3. Calibration

The values of our parameters are shown in table 1. The home econ-
omy represents G-7 countries, and the foreign economy represents
BRIC countries. We took the United States as a representative G-7
economy. Our calibration thus follows Smets and Wouters (2007)
and Bodenstein, Erceg, and Guerrieri (2011), as in these papers
the home economy is calibrated based on U.S. data. We divide the
description of our calibration into three parts: parameters that are
common across countries, parameters that are specific to countries,
and the nominal environment parameters. Parameters that are spe-
cific to countries are the ones that describe shares of oil and imports
in the economies. Here we try to capture the average oil and import
shares in the G-7 economies (for our home economy) and the BRIC
economies (for our foreign economy).
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Following Bodenstein, Erceg, and Guerrieri (2011), we set the
discount factor, β, to 0.99, implying a risk-free rate of around 4 per-
cent per annum; the intertemporal elasticity of substitution, σ, to
0.66; and the external habits term on aggregate consumption, ψhab,
to 0.8. We set values of κh and κ∗

f to ensure that the labor supply
is unity in the steady state. Following Smets and Wouters (2007),
we set the labor supply elasticity, σh, to 0.5 and the elasticity of
labor demand, σw, to 6.4, implying wage markups of 1.2. We set
the steady-state markups for the domestic and foreign intermediate-
goods-producing firms to 1.11, which implies a value for σd of 10.
We set the elasticity of substitution between labor and oil, σo, to
0.4. This number was taken from Bodenstein, Erceg, and Guerrieri
(2011) and is similar to the long-run elasticity for crude oil as
reported by Cooper (2003). The short-run elasticity of oil is much
smaller (i.e., for the United States, the long-run elasticity is 0.45
while the short-run elasticity is 0.06, as noted by Cooper 2003), and
thus we performed a sensitivity analysis on this parameter. Follow-
ing Bodenstein, Erceg, and Guerrieri (2011), we decided to set the
same value for the elasticity of substitution between produced final
goods and oil in consumption—i.e., σc = 0.4. Following Hooper,
Johnson, and Marquez (2000), who estimate long-run trade elastic-
ities for G-7 countries, we set the elasticity of substitution between
home and foreign goods, σi, to 1.5. Similarly, we set the elasticity of
substitution between final goods for the oil producer, σc,O, to 1.5.

Parameters governing shares of imports were set to match shares
of imports in GDP in G-7 and BRIC countries, which equaled 22 per-
cent and 11 percent, respectively, from 2006 to 2010.4 Shares of oil in
consumption and production were set following Bodenstein, Erceg,
and Guerrieri (2011). We set ψy,o equal to 0.028 and ψc,o equal to
0.023, implying a share of oil in gross output in the home economy
of 4.2 percent, where one-third is used by households and the rest
by firms. Similarly, for the foreign economy, we set ψ∗

y,o equal to
0.057 and ψ∗

c,o equal to 0.041, implying a share of oil in gross out-
put in the foreign economy of 8.2 percent. Finally, we assumed that
the oil producer spends half its income on each country’s goods—
that is, we set ωO to 0.5. This parameter was set ad hoc, but our

4Source: Datastream.
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sensitivity analysis showed that changes in values of this parameter
do not affect substantially our results.

The nominal environment is described by parameters governing
nominal wage and price rigidities and monetary policy. Because of
a lack of data on BRIC economies, we used values from Smets and
Wouters (2007) for both countries. We set the Calvo price parame-
ters, αh and α∗

f , to 0.65, implying that prices are, on average, reset
once every three quarters. In addition, we set the price indexation
parameters, γh and γ∗

f , to 0.22. We set the Calvo wage parame-
ters, αw and α∗

w, to 0.73, implying that wages are also adjusted
every four quarters on average. Monetary policy followed a Taylor
rule with interest-rate-smoothing parameter ρm = 0.8 and inflation
coefficient ρπ = 2.

4. Tailwinds vs. Headwinds

In this section, we use our model to answer the following question:
Under what conditions might we expect the increase in productivity
in the BRIC economies we have seen over recent years to lead to
higher or lower inflation in the G-7?

4.1 Baseline Results

Figure 5 shows that the BRIC productivity growth has been con-
sistently higher than that in the G-7 for most of the past decade.
Moreover, from 2006 to 2008, the average productivity growth in
BRIC countries increased. In this subsection, we consider the effects
of a 1 percent shock to the foreign productivity level. We assume that
the shock follows an AR(1) process with the autoregressive coeffi-
cient equal to 0.99. This assumption ensured that the effects of the
shock would be felt for a long period of time; specifically, seventeen
years after the initial shock, foreign productivity has grown by 50
percent more than home productivity.

Figure 6 shows the effects of the foreign productivity shock on
home and foreign real and nominal variables. As can be seen, the
shock leads to a temporary reduction in both home and foreign
CPI inflation. This is driven mainly by falling home import infla-
tion, which drops on impact to around 0.75 percent below its ini-
tial steady-state level. The foreign productivity increase leads to a
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Figure 5. Four-Quarter Productivity Growth

Data Source: Datastream.

decrease in foreign marginal cost and makes foreign goods cheaper.
In our calibration, home and foreign goods are substitutes, and thus
home consumers switch to foreign goods. Foreigners invest some of
their increased wealth in home bonds, further facilitating a rise in
home consumption, which leads to appreciation of domestic terms
of trade and a decline in home output.5 The appreciation of terms
of trade leads to lower import prices and thus lower CPI infla-
tion. This result is the tailwind effect of the foreign productivity
shock.

But what is going on with oil prices? They rise and stay high
for a couple of years. Oil prices are initially lower due to nominal
and real rigidities that make demand for factor inputs decline after

5Note that this result depends crucially on our assumption that home and
foreign goods are substitutes. This assumption in turn is governed by two pa-
rameters: intertemporal and intratemporal elasticities of substitution, which
determine whether home and foreign goods are substitutes or complements in
the utility. Two goods are substitutes in the utility when the marginal utility of
one good decreases as the consumption of the other good increases; see Benigno
and Benigno (2003).
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Figure 6. The Effects of Foreign Productivity Shock on
Home and Foreign Variables

the productivity increase (see Gaĺı 1999).6 The extent of the oil
price increase also depends crucially on the degree of substitutabil-
ity between oil and labor. Since oil and labor are complements, as
demand for foreign goods increases, demand for both factor inputs in
foreign production increases, which leads to a further increase in the
price of oil. Moreover, the change in oil prices is also affected by the

6Note that the oil price increases by 1.2 percent at its peak in the third quar-
ter after the shock hits. This rise may seem very small in comparison with the
behavior of oil prices shown in figure 3. A shock to productivity growth would
have potential for a larger increase in oil prices. However, this experiment would
require the introduction of growth in the steady state. Yet, in our framework,
we can approximate the shock to productivity growth by a series of consecutive
1 percent increases in the foreign productivity level. The approximation of this
shock for ten years will result in an increase of oil prices by 60 percent. A similar
point has been made by Campolmi (2008).
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degree of substitution between home and foreign goods. That degree
of substitution determines changes in home and foreign output and
thus the overall demand for oil (more discussion on this point is in
subsection 4.2).

The rise in oil prices acts to raise CPI inflation directly, via the
effect on petrol prices, and indirectly, via the effect on marginal
cost for intermediate producers. These channels combine to produce
a headwind effect of the foreign productivity shock. Note also that
while the tailwind effect is immediate, the headwind effect is delayed
due to a hump-shaped response of oil prices.

Given our baseline calibration, we see that the tailwind effect out-
weighs the headwind effect and that home aggregate inflation is tem-
porarily lowered relative to its steady-state rate. In our calibration,
monetary policy follows a Taylor rule in each country, where inter-
est rates respond to fluctuations in aggregate inflation. As a result,
nominal interest rates in both countries fall. The decline is larger in
the foreign country, in line with the decline in foreign marginal cost
and foreign inflation. This decrease produces an appreciation of the
home country’s nominal exchange rate.

In the next subsection, we examine how sensitive these results are
to our calibrated parameter values. In particular, we ask the follow-
ing question: Under what conditions might the headwinds outweigh
the tailwinds and inflation be raised relative to its steady state?

4.2 Sensitivity

In this subsection, we consider the sensitivity of our results—
particularly the relative importance of headwinds and tailwinds—to
changes in key parameters. In particular, we consider the effects of
alternative foreign monetary policy, alternative elasticities of substi-
tution between oil and labor, making flexible wages, variations in the
degree of financial integration between our economies, and degree of
substitution between home and foreign goods.

We start by supposing that the foreign economy pegs its exchange
rate to the home economy. Following Benigno, Benigno, and Ghironi
(2007), the foreign peg can be described by the interest rule

(1 + rt) =
(
1 + r∗

t

)
φ

(
St

S

)
, (52)
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Figure 7. Benchmark Case versus the Case When Foreign
Country Pegs

where function φ(.) is continuous, differentiable, and strictly increas-
ing in a neighborhood of S.7 This rule means that foreign monetary
policy will depend on domestic monetary policy. Figure 7 shows the
responses of nominal and real variables to a foreign productivity
shock with the foreign economy pegging its exchange rate. Foreign
monetary policy response will be tight relative to the benchmark
case, since the foreign central bank cannot lower its nominal inter-
est rate (in order to match the fall in the natural real interest rate)
because doing so would lead to a nominal depreciation. As a result,

7Benigno, Benigno, and Ghironi (2007) show that given the properties of func-
tion φ(.), there exists only one path in which the nominal exchange rate remains
always fixed.
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foreign output and, hence, oil prices will not increase as much as in
the benchmark case. So on the one hand, a smaller tailwind effect
will be coming from lower foreign output, and on the other hand, a
smaller headwind effect will be coming from lower oil prices. More-
over, the terms-of-trade movement will be muted, and thus home
output will actually increase a bit, leading to a higher increase in
domestic inflation. Overall, CPI inflation decreases by less than in
the benchmark case despite a smaller increase in oil prices, which
will mean that the home nominal interest rate falls by less than in
the benchmark case.

We next consider the effect of varying the elasticity of substitu-
tion between oil and labor. The empirical evidence on aggregate elas-
ticity points to the fact that short-run elasticities are much smaller
than long-run elasticities. Cooper (2003) finds that oil demand is
highly inelastic in the short run and that the short-run elasticity is
below 0.1 while the long-run elasticity is in the range of 0.2 to 0.6.
Hughes, Knittel, and Sperling (2008) find that the short-run elastic-
ity of oil differs substantially for the two recent periods of high oil
prices—i.e., 2001 to 2006 and 1975 to 1980. They also find that the
short-run elasticity of oil ranged between 0.034 and 0.077 for 2001
to 2006 and between 0.21 and 0.34 for 1975 to 1980. Our model does
not allow for differences between short- and long-run oil elasticity. In
our benchmark calibration, we set the oil elasticity to take its long-
run value. However, we performed a sensitivity analysis in which we
compared impulse responses under three alternative elasticities of oil
and labor (see figure 8). Following Bodenstein, Erceg, and Guerrieri
(2011), we analyzed elasticities lying between 0.1 and 1. A smaller
value of elasticity between oil and labor is well suited to studying
the short-run effects of the foreign productivity shock. In this situ-
ation, the foreign productivity increase leads to a stronger increase
in demand for both oil and labor. The result is higher oil prices, and
the headwind effect is stronger. At the same time, as oil prices rise
more with the increase in foreign output, foreign output actually
increases by less than in the benchmark, implying that the tailwind
effect coming from cheaper foreign goods is going to be smaller. The
overall effect is that, although the tailwind effect dominates in the
first quarter, the headwind effect becomes more important once oil
prices reach their peak, leading to an increase in CPI inflation in the
next quarters.
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Figure 8. Varying Elasticity of Substitution between
Oil and Labor

A higher elasticity between oil and labor means that oil prices
will not increase by as much as in the benchmark case. In this situa-
tion, the foreign productivity increase will lead to a relatively much
higher increase in demand for labor at the expense of oil. This devel-
opment will have a stimulating effect on home output and will lead
to a smaller marginal cost at home compared with the benchmark.
As a result, domestic inflation will be smaller, which will translate
into a reduced headwind effect and lower home CPI inflation.

Blanchard and Gaĺı (2010) argue that one of the factors that
led to the recent rise in oil prices having a smaller effect on the
world economy has been the increased flexibility in labor markets. In
figure 9, we compare the effects of a foreign productivity shock when
wages are perfectly flexible in both economies with our benchmark
case. Real wages adjust quickly—i.e., foreign real wages increase on
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Figure 9. Benchmark Case versus the Case When Wages
Are Flexible

impact by more than in the benchmark case. This outcome limits the
increase in foreign output and in foreign demand for oil. As a result,
oil prices increase by less. The headwind effect coming from wages
dominates the tailwind effect of lower oil prices and thus makes
import prices at home decrease by less than in the benchmark, imply-
ing that the expenditure switching effect is reduced. However, this
reduction is not enough to boost home intermediate output. Home
intermediate output declines on impact as a result of the diminished
final home demand (coming from higher import prices than in the
benchmark). Yet wages at home rise, which results in higher domes-
tic inflation. The net result is that although oil prices are smaller
than in the benchmark, import inflation at home declines by less and
domestic inflation increases by more. This result leads to a smaller
decline in CPI inflation on impact than in the benchmark, followed
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Figure 10. Varying Degree of Financial Integration

by a small increase in subsequent periods. We note that this find-
ing contrasts with Blanchard and Gaĺı (2010). However, Blanchard
and Gaĺı (2010) consider a different type of shock, which in our
framework would qualify as a shock to oil supply.

As described earlier, the tailwind effect of the foreign produc-
tivity shock depends on the strength of the expenditure switching
toward foreign goods by home consumers. This effect in turn depends
on the degree of financial integration between two economies and the
degree of substitutability between home and foreign goods.

We compared our benchmark result concerning incomplete finan-
cial markets with two extreme cases of complete markets and finan-
cial autarky in figure 10. Under financial autarky, home consumers
cannot benefit from cheaper foreign goods since trade has to be in
balance. This constraint means that foreign output increases by less,
which is reflected in smaller appreciation of terms of trade than in the
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Figure 11. Varying Elasticity of Substitution between
Home and Foreign Goods

benchmark. Consistently, the fall in import prices is less marked. As
a result, home output actually increases, which is reflected in higher
marginal cost and higher domestic inflation than in the benchmark.
As a consequence, the decline in CPI inflation will be much smaller.
In the case of complete markets, the expenditure switching effect is
the strongest, which is reflected in the strong appreciation of home
terms of trade and a fall in home output. Thus, the decline in CPI
inflation is the highest.

There is no consensus in the literature on the value for the degree
of substitutability between home and foreign goods. For example,
Obstfeld and Rogoff (2000a) say that according to micro studies,
the elasticity of substitution should be between 4 and 6. How-
ever, Corsetti, Dedola, and Leduc (2008) argue that assuming a low
elasticity of substitution—i.e., below 0.5—helps reconcile with the
international business-cycle stylized facts. Figure 11 compares our
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Table 2. Sensitivity Analysis

Headwinds Effect on CPI
Assumptions Tailwinds Direct Indirect Inflation

Foreign Peg ↓ ↓ ↑ Decrease
Flexible Wages ↓ ↓ ↑ Increase
Low Oil Elasticity ↓ ↑ ↑ Increase
Financial Autarky ↓ ↓ ↑ Decrease
High Trade Elasticity ↓ ↑ ↓ Decrease

Notes: Tailwind effect refers to a decreased import inflation. Direct headwind effect
refers to an increased oil inflation. Indirect headwind effect refers to an increased
non-oil domestic inflation. Arrow down means that the effect is smaller. Arrow up
means that the effect is bigger.

benchmark case with two alternative assumptions about elasticity
of substitution: a low elasticity of 0.5 and a high elasticity of 4.

The high-elasticity case results in the smallest decline of home
aggregate inflation, while the low-elasticity case leads to the highest
decline in CPI inflation. This finding is due to the fact that when
home and foreign goods are complements, a foreign productivity
shock actually stimulates home output despite a stronger apprecia-
tion of terms of trade than in the benchmark. Home output increases
because now home consumers do not want to switch to foreign
goods at the expense of home goods but rather demand more of
both types of goods. At the same time, import prices fall by more
than in the benchmark (since home and foreign goods are comple-
ments). This fall is persistent, which produces a stronger tailwind
effect for home aggregate inflation. The opposite situation occurs for
the high-elasticity case.

In this section, we have analyzed how different assumptions
about the structural properties of the model affect our benchmark
results. Findings are summarized in table 2. We have identified fac-
tors that diminish the importance of the tailwind effect. But assum-
ing only a low oil elasticity or a flexible labor market can result in
an increased headwind effect that outweighs the tailwind effect and
thus leads to an increase in home CPI inflation. This increase is
delayed due to a hump-shaped response of oil prices.
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5. Conclusions

In this paper, we analyzed the impact of a large productivity
increase in a set of countries—which we thought of as the BRIC
economies—on inflation in their trading partners, the G-7. We used
a three-country DSGE model in which there are two symmetric oil-
importing economies (home and foreign) and one oil-exporting coun-
try. We performed several experiments in which we disentangled the
importance of different factors that shape inflation dynamics in the
home country. We found that, in our baseline calibration, the foreign
productivity shock resulted in a temporary fall in home CPI infla-
tion: The favorable tailwind coming from the BRIC economies out-
weighed the headwind. This fall lasted only five quarters, since the
home central bank was assumed to stabilize inflation. Our robust-
ness analysis suggested that this result depends on the elasticity
between oil and labor, home and foreign monetary policy, degree
of labor market flexibility, degree of financial integration, and trade
elasticity between home and foreign goods. We also found that the
short-run value of the elasticity of oil or a flexible labor market leads
to a headwind effect, which outweighs the immediate impact of the
tailwind effect in the subsequent periods.

Although these results are certainly suggestive, an exact quantifi-
cation of the effects of the rise of the BRIC economies would require
a more in-depth estimation of asymmetries between the developed
and developing economies. Moreover, it would be important to intro-
duce productivity growth shocks and allow for different short- and
long-run elasticities of oil. In addition, we could consider different
pricing strategies of the exporting firms in our model.8 This analysis
has been left for future work. Finally, we have neglected the extensive
margin of trade—that is, the creation and destruction of varieties of
products. Recent work by Sbordone (2007) and Monacelli (2010) has
emphasized the effects of this additional margin on the slope of the
Phillips curve, and Corsetti (2007) has shown that the transmission
of productivity shocks will depend on whether such shocks enhance
efficiency or lower entry costs. It would be well worth investigating

8Rigobon and Gopinath (2008) find that in the case of the United States,
exporting firms choose producer currency pricing, while the U.S. importing firms
choose local currency pricing.
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the effects that this margin might have on the relative importance
of headwinds and tailwinds in domestic inflation.

Appendix

Steady State

We derived a deterministic steady state with a zero inflation rate.
All the shocks A, A∗, and O took constant values. We denoted all
steady-state variables with a bar. In the benchmark calibration, all
elasticities were the same for the home and foreign economies.

The steady state can be defined as a solution to a system of
equations that represent price aggregators, labor supply optimality
conditions, factor demands, demand equations for both intermediate
and final goods, an oil market clearing condition, and asset market
conditions.

We present price aggregators in the home and foreign economies
and the oil-producing economy. It is useful to define different bilat-
eral real exchange rates: q = PS

P ∗ , where S represents the cost of
one unit of P (aggregate price level in home economy) in terms of
P ∗ (aggregate price level in the foreign economy); qO = PSO

P O , where
SO represents the cost of one unit of P in terms of PO (aggregate
price level in the oil-producing economy); and q∗

O = P ∗S∗
O

P O , where S∗
O

represents the cost of one unit of P ∗ in terms of PO. As a result, we
find the following relation between bilateral real exchange rates:

q∗
O =

qO

q
. (53)

Price aggregators for final goods:

1 = (1 − ψc,o)σcp1−σc

h + ψσc
c,op

1−σc
o , (54)

1 =
(
1 − ψ∗

c,o

)σc
(
p∗

f

)1−σc +
(
ψ∗

c,o

)σc
(
p∗

o

)1−σc
, (55)

where p∗
o = poq.

1 = ω
σc,O

O

(
q∗

Op∗
f

)1−σc,O + (1 − ωO)σc,O(qOph)1−σc,O . (56)
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Price aggregators for intermediate goods:

p1−σi

h = ωσip1−σi

hd + (1 − ω)σi

(
p∗

fd

q

)1−σi

, (57)

p∗
f
1−σi = ω∗σi

(
p∗

fd

)1−σi + (1 − ω∗)σi(phdq)
1−σi . (58)

Labor supply optimality conditions:

w =
σw

σw − 1
c

1−ψhab(1−σ)
σ

(
h

κh

) 1
σh

, (59)

w∗ =
σw

σw − 1
c∗ 1−ψhab(1−σ)

σ

(
h

∗

κ∗
h

) 1
σh

. (60)

First-order conditions of the profit maximization problem for inter-
mediate firms determine factor demands:

h = (1 − ψy,o)σo

(
w

mchd

)−σo

A
σo−1

yhd, (61)

where mchd = σd−1
σd

phd.

Ohd = ψσo
y,o

(
po

mchd

)−σo

A
σo−1

yhd, (62)

h∗ =
(
1 − ψ∗

y,o

)σo

(
w∗

mc∗
fd

)−σo

A
∗σo−1

y∗
fd, (63)

where mc∗
fd = σd−1

σd
p∗

fd.

Ofd = ψ∗σo
y,o

(
poq

mc∗
fd

)−σo

A
∗σo−1

y∗
fd. (64)

Production functions for intermediate home and foreign goods:

yhd = A

(
ψy,oO

σo−1
σo

hd + (1 − ψy,o)h
σo−1

σo

) σo
σo−1

, (65)

y∗
fd = A

(
ψ∗

y,oO
∗
fd

σo−1
σo +

(
1 − ψ∗

y,o

)
h

∗ σo−1
σo

) σo
σo−1

. (66)
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Demand functions for intermediate home and foreign goods:

yhd = ωσi

(
phd

ph

)−σi

yh + (1 − ω∗)σi

(
phdq

p∗
f

)−σi

y∗
f , (67)

y∗
fd = (1 − ω)σi

(
p∗

fd

phq

)−σi

yh + ω∗σi

(
p∗

fd

p∗
f

)−σi

y∗
f . (68)

Demand functions for final home and foreign goods:

yh = (1 − ψc,o)σcp−σc

h c + (1 − ωO)σc,O(phqO)−σc,OcO, (69)

y∗
f =

(
1 − ψ∗

c,o)
σcp∗

f
−σcc∗ + ω

σc,O

O

(
p∗

fq∗
O

)−σc,O
cO. (70)

Market clearing condition for oil:

O = Ohd + Ofd + ψσc
c,o p−σc

o c + ψ∗σc
c,o (poq)

−σcc∗. (71)

We assumed that in the steady state, neither country is a net
borrower from or a net lender to the other country; that is, B = 0.
This assumption implies that in the steady state, expenditures in a
given economy have to be equal to its revenues:

c = phdyd + poOhd. (72)

We can write a similar equation for the oil producer:

cO = qOpoO. (73)

Log-Linearized Equations

Euler equations (home and foreign):

ĉt =
1

1 + ψhab(1 − σ)
(ψhab(1 − σ)ĉt−1 + ĉt+1 − σ(r̂t − π̂t+1)),

(74)

ĉ∗
t =

1
1 + ψhab(1 − σ)

(
ψhab(1 − σ)ĉ∗

t−1 + ĉ∗
t+1 − σ

(
r̂∗
t − π̂∗

t+1
))

.

(75)

Uncovered interest parity condition:

r̂t = r̂∗
t − χb̂t − Δ̂St+1. (76)
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Relative prices and price aggregators for final goods:

dhp̂h,t + dop̂o,t = 0, (77)

where dh = (1 − ψc,o)σcp1−σc

h and do = ψσc
c,op

1−σc
o .

d∗
f p̂∗

f,t + d∗
o(p̂o,t + q̂) = 0, (78)

where d∗
f = (1 − ψ∗

c,o)
σcp∗

f
1−σc and d∗

o = ψ∗
c,o

σcp∗
o
1−σc .

dho(p̂h,t + q̂o,t) + dfo

(
p̂∗

f,t + q̂∗
o,t

)
= 0, (79)

where dho = (1−ωO)σc,O(phqO)1−σc,O and dfo = ω
σc,O

O (p∗
fq∗

O)1−σc,O .

Intermediate goods:

p̂h,t = dhdp̂hd,t + dfd

(
p̂∗

fd,t − q̂t

)
, (80)

where dhd = ωσi
p
1−σi
hd

ph
and dfd = (1 − ω)σi( p∗

fd

qph
)1−σi .

p̂∗
f,t = d∗

fdp̂
∗
fd,t + d∗

hd(p̂hd,t + q̂t), (81)

where d∗
fd = ω∗σip∗1−σi

fd and d∗
hd = (1 − ω∗)σi(phdq)1−σi .

Wage dynamics:

π̂w,t =
σh(1 − αw)(1 − βαw)

(σh + σw)αw

(
1
σh

ĥt +
1
σ

ĉt − ψhab
1 − σ

σ
ĉt−1 − ŵt

)
+ βEtπ̂w,t+1, (82)

π̂∗
w,t =

σhαw(1 − β(1 − αw))
(σh + σw)(1 − αw)

(
1
σh

ĥ∗
t +

1
σ

ĉ∗
t − ψhab

σ − 1
σ

ĉ∗
t−1 − ŵ∗

t

)
+ βEtπ̂

∗
w,t+1. (83)

Note that

π̂w,t = ŵt − ŵt−1 + π̂t, (84)

π̂∗
w,t = ŵ∗

t − ŵ∗
t−1 + π̂∗

t . (85)
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Inflation dynamics:
Inflation of intermediate goods:

π̂hd,t =
1

1 + βγh

(1 − βαh)(1 − αh)
αh

(m̂chd,t − p̂hd,t)

+
γh

(1 + βγh)
π̂hd,t−1 +

β

(1 + βγh)
Etπ̂hd,t+1, (86)

where π̂hd,t represents inflation of home intermediates.

π̂∗
fd,t =

1
1 + βγ∗

f

(
1 − βα∗

f

)(
1 − α∗

f

)
α∗

f

(
m̂c

∗
fd,t − p̂∗

fd,t

)
+

γ∗
f(

1 + βγ∗
f

) π̂∗
fd,t−1 +

β(
1 + βγ∗

f

)Etπ̂
∗
fd,t+1, (87)

where π̂∗
fd,t represents inflation of foreign intermediates. Note that

π̂t = π̂hd,t − (p̂hd,t − p̂hd,t−1), (88)

π̂∗
t = π̂∗

fd,t −
(
p̂∗

fd,t − p̂∗
fd,t−1

)
. (89)

Definition of marginal costs:

m̂chd,t = mop̂o,t + mwŵt − Ât, (90)

where mo = ψσo
y,op1−σo

o

mc1−σo and mw = (1−ψy,o)σow1−σo

mc1−σo .

m̂c
∗
fd,t = m∗

o(p̂o,t + q̂t) + m∗
wŵ∗

t − Â∗
t , (91)

where m∗
o = ψ∗σo

y,o p∗
o
1−σo

mc∗1−σo and m∗
w = (1−ψ∗

y,o)σow∗1−σo

mc∗1−σo .

Goods market equilibrium:

ŷhd,t = −σip̂hd,t + shd(σip̂h,t + ŷh,t) + (1 − shd)
(
ŷ∗

f,t − σiq̂t + σip̂
∗
f,t

)
,

(92)

where shd = ωσi(phd

ph
)−σi yh

yhd
.
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ŷ∗
fd,t = −σip̂

∗
fd,t + s∗

df

(
σip̂

∗
f,t + ŷ∗

f,t

)
+

(
1 − s∗

fd

)
(ŷh,t + σiq̂t + σip̂h,t),

(93)

where s∗
fd = ω∗σi(p∗

fd

p∗
f

)−σi
y∗

f

y∗
fd

.

Final goods:

ŷh,t = −(σcshh + σc,o(1 − shh))p̂h,t

+ shhĉt + (1 − shh)(ĉo,t − σc,oq̂o,t), (94)

where shh = (1 − ψc,o)σcp−σc

h
c

yh
.

ŷ∗
f,t = −(σcsff + σc,o(1 − sff ))p̂∗

f,t + sff ĉ∗
t

+ (1 − sff )(ĉo,t − σc,oq̂o,t), (95)

where sff = (1 − ψ∗
c,o)

σcp−σc

f
c∗

y∗
f
.

Oil market clearing condition:

Ôt = sohÔhd,t + s∗
of Ô∗

fd,t − σc

(
soc + s∗

oc

)
p̂o,t

− σcs
∗
ocq̂t + s∗

ocĉ
∗
t + socĉt, (96)

where soh = Ohd

O
, s∗

of = O
∗
fd

O
, soc = ψσc

c,op
−σc
o

c
O

, s∗
oc = ψ∗σc

c,o (poq)−σc c∗

O
.

Production function:

ŷhd,t = Ât + ydoÔhd,t + (1 − ydo)ĥt, (97)

where ydo = (ψy,oOhd

yhd
)

σo−1
σo .

ŷ∗
fd,t = Â∗

t + y∗
doÔ

∗
fd,t +

(
1 − y∗

do

)
ĥ∗

t , (98)

where y∗
do = (ψ∗

y,oO
∗
fd

y∗
fd

)
σo−1

σo .

Factor demands:

Ôhd,t = ŷhd,t + (σo − 1)Ât + σo(m̂chd,t − p̂o,t), (99)

Ô∗
fd,t = ŷ∗

fd,t + (σo − 1)Â∗
t + σo

(
m̂c

∗
fd,t − p̂o,t − q̂t

)
. (100)
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Budget constraint of the oil exporter:

ĉO,t = q̂O,t + p̂o,t + Ôt. (101)

Assets evolution:

ĉt =
1
βc

b̂t +
phdyhd

c
(p̂d,t + ŷhd,t) − poOhd

c
(p̂o,t + Ôhd,t) − 1

c
b̂t.

(102)

Relations between real exchange rates:

q̂O,t = q̂t + q̂∗
O,t, (103)

Δ̂qt = Δ̂St + π̂t − π̂∗
t . (104)

Monetary rules:

r̂t = φπ(1 − ρm)π̂t + ρmr̂t−1. (105)

r̂∗
t = φπ∗

(
1 − ρ∗

m

)
π̂∗

t + ρ∗
mr̂∗

t−1. (106)

Oil supply process:

Ôt = ρoÔt−1 + ε̂o,t. (107)
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