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Abstract

This paper highlights the role of the terms of trade in the trade chan-
nel of propagation of oil price shocks both empirically and theoretically.
Empirically, I show that oil price shocks have a large, persistent and sta-
tistically significant impact on the US terms of trade. Theoretically, I add
oil in the model by Corsetti and Pesenti (2005) and analyse under what
conditions the terms of trade plays a relevant role in the international
transmission of oil price shocks. With nominal price rigidities and full ex-
change rate pass-through positive oil price shocks depreciate the currency
of the oil importing country. The subsequent negative wealth effect adds
to the recessive effect of the supply channel and may strongly reduce the
consumption in the oil importing country economy. Without exchange
rate pass-through oil shocks transmit to the economy only through the
supply channel. The model suggests that a change in the exchange rate
pass-through might contribute to explain the evidence of a weaker impact
of oil price shocks on the macroeconomic activity in recent times.
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1 Introduction

The oil literature has a hard time to match the evidence of a negative correla-
tion between the macroeconomic performance of oil-importing countries and oil
price shocks with empirically sound theoretical mechanisms of propagation of oil
price shocks. The empirical literature has provided quantitative measures of the
impact of oil price shocks on macroeconomic variables such as the growth rate
of GDP and the inflation rate (see, i.e., Hamilton 1983, Leduc and Sill 2004),
employment (see, i.e., Lee and Ni 2002, Davis 1987), the stock market (Kilian
and Park 2009), the terms of trade (Backus and Crucini 2000) and external
balances (see, i.e., Kilian et al 2009). The theoretical literature, in an attempt
to explain this evidence has investigated both demand and supply mechanisms
of propagation of oil shocks to the economic activity.!

Recent contributions of the literature have stressed that the demand chan-
nels, which operate through a reduction of the demand for goods and services
other than oil, are the key to explain the impact of oil price shocks to macroeco-
nomic performance (Nordhaus 2007, Hamilton 2008, Kilian 2008). This paper
follows this direction and focuses on the trade channel of transmission of oil
price shocks, which emphasizes the role of changes in the relative prices and
quantities of imports and exports in the propagation of oil price shocks to the
economy. In particular, as the dollar share of oil imports in total imports is
far larger and volatile than the dollar share of oil expenditures in total output,
data point out the potential relevance of the terms of trade in the mechanism
of adjustment to oil price shocks.?

Firstly, I provide empirical evidence that oil price shocks cause large varia-
tions in the terms of trade of the US, the most important oil-importing country.
To this purpose, I follow the methodology suggested by Kilian and Vigfusson
(2009) that allows me to obtain consistent estimates of the response of the terms
of trade to oil price shocks independently of the presence of asymmetric effects
of oil price increases and decreases (see, i.e., Mork 1989, Hooker 2002, Kilian
and Vigfusson 2009). My main result is that a positive oil price shock has a
large, persistent and statistically significant impact on the US terms of trade. I
also report limited evidence of asymmetric effects of oil price shocks on the US
terms of trade by mean of an impulse-response based test of symmetry. Finally,
I show that the response of the terms of trade to oil price shocks increases more
than proportionally with the size of the shock.

I The literature on the supply and demand mechanisms of propagation of oil shocks to the
economy is far too vast to be surveyed here. Some of the seminal papers are Hamilton 1988
and 2008, Bernanke 1983, Davis 1987, Davis and Haltwanger 2001, Bresnahan and Ramey
1993, Bernanke et al 1996, Hamilton and Herrera 2004, Kim and Loungani 1992, Rotemberg
and Woodford 1996, Atkenson and Kehoe 1999 and Finn 2000.

2Complementary to the trade channel there is another international channel of adjustment
to oil price shocks: the financial or valuation effect. The valuation channel works through
changes in the total asset returns differentials. On the role of the valuation effect in the
external adjustment of economies see Ghironi et al. (2007), Lane and Milesi Ferretti (2007),
Gourinchas and Rey (2007) and Deveraux and Sutherland (2008).



Secondly, I analyse the theoretical conditions that permit positive oil price
shocks to produce, through the trade channel, a large negative impact on the
economy of oil importing countries. To this purpose, I add oil in the production
to the two-country general equilibrium model by Corsetti and Pesenti (2005)
and use it to analyse the international transmission of oil price shocks under
different price regimes and financial autarky. With respect to early (see, i.e.,
Fried and Schulze 1975, Dohner 1981 and Bruno and Sachs 1985) and recent
(see, i.e., Bodenstein et al 2007, Backus and Crucini 2000) theoretical analysis of
the trade channel of adjustment to oil shocks my contributions are the following.
The model highlights the role of the degree of exchange rate pass-through in the
propagation mechanism of oil price shocks. A positive oil price shock produces
a trade imbalance that, with nominal price rigidities and full exchange rate
pass-through, forces the currency of the oil importing country to depreciate to
restore the balance. As a consequence of the depreciation, the oil importing
country suffers a negative wealth effect and the oil exporting country a positive
wealth effect, so that the terms of trade redistributes asymmetrically the cost of
adjustments to positive oil price shocks in favor of the oil exporting country. This
transmission mechanism makes it possible for a positive oil price shock to cause
to the oil importing country an economic cost that, in terms of consumption loss,
is larger than the share of oil costs in total output (supply channel). However,
with nominal price rigidities but no exchange rate pass-through, the adjustment
mechanism to an oil price shock changes. As export prices grow insensitive to
the exchange rate the strenght of the trade channel gets weaker, up to the point
in which oil shocks are transmitted to the economy only through the supply
channel. A final contribution of the model is to show that the elasticity of most
economic variables to oil price shocks is not constant but increases with the size
of the shock.

The model suggests that a change in the exchange rate pass-through might
contribute to explain the evidence of a weaker impact of oil price shocks on the
economic activity in recent times (Hooker 1996 and 2002, Hamilton 1996, Balke
et al. 2002, and Blanchard and Gali 2007). In fact, as the degree of exchange
rate pass-through also depends on the proportion of firms that serve foreign
markets by producing locally (i.e. by foreign direct investments) rather than
exporting, the firms’ choice of how serving foreign markets may play a role in
shaping the strength of the trade channel. From these results it follows that
countries more dependent on oil-imports will not necessarily suffer the most in
the aftermath of a surge in the price of oil (see, i.e., Bohi 1999).

Section 2 presents evidence and the empirical analysis. Section 3 describes
the theoretical model and presents results. Section 4 concludes.

2 Empirical Evidence

The top panel of Figure 1 shows the dynamic of the dollar share of US oil
imports in total imports during 1973M1-2010M5 (source OECD). On average,



oil imports have represented 16% of all US imports in the period, though this
figure has not been constant over time: it averaged 25% in the 70s, bottomed
around 10% in the mid 80s and through all the 90s, and then rose again to
15% in the 2000s. The bottom panel of figure 1 reports the dynamic of the
real price of oil over the same period. The price of oil is the US crude oil
imported acquisition cost by refiners in dollar per barrel (source EIA) and the
price deflator is the US CPI (source IFS). In both panels the grey-shaded areas
highlight episodes of large and fast variations in the price of oil, mostly related

to political events affecting the oil supply.
Two facts emerge from figure 1: oil imports both are a relevant share of
US total imports and follow a dynamic similar to that of the real price of oil.
Consequently, it i sreasonable to assume that large variations in the price of oil,
by changin the US import price index, also affect its terms of trade, that is the
ratio between the US export price index and the US import price index.
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Figure 1 - Oil imports (% of total imports) and the real price of oil in the US.

The terms of trade is the key variable of the trade channel of propagation of
oil shocks to the economy. A change in the terms of trade affects the level and
the composition of both the aggregate demand and the trade balance, though
its final effect on them depends ultimately on factors such as the elasticity of

substitution between imports and exports and the degree to which the interna-
tional financial markets are integrated. The elasticity of substitution between



imports and exports dictates by how much a country, after a worsening in its
terms of trade, will switch from imported to domestically produced goods. The
degree to which the international financial markets are integrated affects the
response of the trade balance to a change in the terms of trade, as the trade
balance is unaffacted by movements in the terms of trade in case of complete
markets, while the reaction is maximised in case of financial autarky

Thus, I evaluate if a trade channel is at work after an oil price shock by
focusing on the relationship between the real price of oil and the terms of trade.?

2.1 Data and Methodology

The price of oil is the US crude oil imported acquisition cost by refiners (dollar
per barrel, source EIA). The price index is the CPT all items (index, base year
2005, source IFS). The terms of trade is constructed as the ratio between the
US export price index over the US import price index (index number, base year
2005, source IFS). Data are monthly and cover the period 1973:1-2010:5.

In analysing the impact of oil shocks on the terms of trade I assume that
the real price of oil is predetermined to the terms of trade. This assumption
amounts to imply no contemporaneous impact of terms of trade innovations on
the real price of oil, and is regarded as plausible as long as the data frequency
are either monthly or quarterly. The use of oil price is sometimes criticised on
the ground that this measure does not distinguish among different sources of
oil shocks, such as oil supply shocks, specific oil-demand shocks and aggregate
demand shock in the industrial commodity market (Kilian 2009). In spite of
this shortcoming, its use in the present analysis has two justifications. First,
it is always possible to use the price of oil as long as the interest is on the
average oil price innovation and not on specific episodes. Second, as the focus
of the analysis is on the terms of trade, it is reasonable to assume that oil price
shocks both supply and demand driven would produce a similar effect on the
terms of trade (in this respect, in Kilian et al 2009 the external adjustment to oil
shocks results qualitatively and quantitatively similar to both oil demand and oil
supply shocks). In case the source of the oil price shock is the aggregate demand
in the industrial commodity market, both the numerator and the denominator
of the terms of trade would be affected, so that in theory the terms of trade
might go either direction. However, as the role of commodities in US exports is
quantitatively limited with respect to the role of oil in US imports, it is plausible
to assume that even in presence of a shock to the aggregate demand in the
industrial commodities it would be the dynamic of the price of oil to determine
the direction of the change in the terms of trade. I also follow Nordhaus (2007)

3For an empirical analysis on the external adjustment to oil shocks see Kilian et al. (2009).

4The empirical literature has largely debated over both the nature and the identification of
oil shocks (see, i.e., Lee et al 1995, Hamilton 1983 and 2003, Barsky and Kilian 2004, Kilian
and Vigfusson 2009 and Kilian 2009).



and scale the price of oil for its economic importance, which in this context is
represented by the share of oil imports in total imports.

In the econometric analysis I allow for increases and decreases in the price
of oil to have different impacts on the terms of trade. Empirical evidence of
asymmetric effects of oil price shocks on economic variables dates back to Mork
(1989) and Olsen and Mysen (1994), and led to rejecting a linear relationship
between oil prices and real activity, arguing that only positive oil price innova-
tions would affect the macroeconomic performance (Mork 1989, Lee et al. 1996,
Hamilton 1996). However, Kilian and Vigfusson (2009) challenge this result on
the ground that it is based on standard censored VAR regression models that
produce biased estimations (see also Rigoboni and Stoker 2007). As an alterna-
tive, they propose a different methodology to both control for the asymmetry
of oil price shocks and to test it. More specifically, they propose to estimate
a bivariate nonlinear structural model and test for symmetry by mean of an
impulse-response based test. The structural nonlinear bivariate model is the
following:

r; = bio+ Bu(L)ri—1 4+ Bra(L)yi—1 + €1 (1)
Y = bao+ Bor(L)xt + Boa(L)x) + Baz(L)ys—1 + €2, »

where x; is the logarithm of the first difference of the real price of oil, ;"
captures only the positive values of z;, y; is the logarithm of the terms of
trade and the error terms, €, + and €3 are mutually uncorrelated error terms,
and (Bi11(L), B12(L)) and (Ba1(L), Baa(L), Ba3(L)) are polynomial matrices of
coefficients of the first and second equation.

This model allows for a consistent estimation of the coefficients and the
impulse responses regardless of whether the true data generation process of y; is
symmetric or asymmetric. Moreover, an equation-by-equation OLS estimation
applies as the errors are mutually uncorrelated by constructions. To compute
the impulse-response based test I follow Kilian and compute generalised impulse
responses, as nonlinear impulse responses require to take into account both the
variability of initial values for (yt,a:t,a:?' ) and the variability of future shocks
{e1,t,€2+} (see also Koop et al 1996 and Potter 2000).

2.2 Results

I estimate the model in (1) with 2 lags, as suggested by both the Akaike and
Hannan-Quinn information criteria. The impulse response analysis shows that
oil price shocks have a large, persistent and statistically significant impact on
the US terms of trade. After a one-standard deviation positive oil price shock
(6.25%) the terms of trade starts depreciating, reaching the through after three
months (top panel of Figure), and then slowly goes back to zero. The response of
the terms of trade remains statistically significant (95% confidence interval) up
to two and half a year after the shock. The cumulated depreciation of the terms
of trade is around 14% 30 months after the shock (bottom panel of Figure 2).



The large effect of oil price shocks on the terms of trade suggests that the terms
of trade, and so the trade channel, plays an important role in the transmission
mechanism of oil shocks.

To test the presence of asymmetry in the response of the economy to posi-
tive and negative oil price shocks I follow Kiliand and Vigfusson (2009) and use
an impulse-response based symmetry test rather than a standard slope-based
symmetry test. The joint null hypothesis of the impulse-response based symme-
try test is that the response of the terms of trade to positive and negative oil
price shocks is symmetric up to the pre-specified horizon. Table 1 reports the
pre-specified horizon (row 1) and the corresponding p-value of the test statistics
under the null hypothesis of symmetry (row 2). The hypothesis of symmetry
is rejected at the 5% level at the first two horizons, and at the 10% level at
the third horizon (similar results apply when considering a size of the shock of
two standard deviations). The test provides a weak support to the hypothesis
that oil price shocks might have asymmetric effect on the economy through the
terms of trade.
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Figure 2 - Impulse (top panel) and cumulated (bottom panel) impulse
response of the Terms of trade to a 1-standard deviation positive oil price
shock. The shaded areas are the 95% confidence interval.



Horizon 0 1 2 3 4 5 6 7 8 9 10 1
pralues 0017 0025 0057 0114 0194 0293 0406 052 0634 0732 0814 0877
Based on 1000 simulations. P-values are based on a chi-square with H+1 d.f.

Table 1 - Impulse-Response based Symmetry test

Finally, I investigate whether the response of the terms of trade depends on
the size of the oil price shock. However, by rescaling the real price of oil by the
oil import share, a greater weight is given to those changes in the real price of
oil that occur when the price of oil is high. For oil changes of the same size to
be given the same weight in the dataset I have re-estimate model (1) without
scaling the real price of oil by the oil import share. Results are qualitatively and
quantitatively similar, but they add a further piece of evidence on the effect of
oil price shocks on the terms of trade: the response of the terms of trade to an
oil price shock appear to increase with the size of the shock (Figure 3).
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Figure 3 - The response of the Terms of trade to a Positive oil price shock by
shock size. All responses have been scaled by the size of the shocks to ensure
comparability.

3 Theoretical Analysis

This section presents a theoretical analysis of the trade channel of adjustment
to oil price shocks and the role that the terms of trade plays in it. To this



purpose, I strictly follow Corsetti and Pesenti (2005) and set up a simple two-
country general equilibrium model with imperfect competition in production
and incomplete international financial markets. Qil is introduced in the model
as a factor of production and is traded from the oil-importing country to the oil-
exporting country at a price that is determined exogenously in the currency of
the home importing country.® The transmission mechanism of oil price shocks
to the economy is then analysed under three different price regimes: flexible
prices, nominal price rigidity with producer currency pricing (PCP) regime and
nominal price rigidities with local currency pricing (LCP) regime.

In the next section I report the main elements of the model and present
results. For technical details on how to derive the general equilibrium condi-
tions of the model refer to appendix A. The flexible price equilibrium is derived
analytically in appendix B. The equilibrium with nominal price rigidities and
Producer Currency Pricing regime is derived in appendix C. The equilibrium
with nominal price rigidities and Local Currency Pricing is derived analytically
in appendix D.

3.1 The Model

The world consists of two countries of equal size, Home and Foreign, which are
identical in any respect apart from three aspects: total factor productivity, mon-
etary policy and oil endowment. In particular, oil is a Foreign specific resource,
so that Home is the oil importing country and Foreign is the oil exporting coun-
try. Fach country is inhabited by a continuum of households and firms: in the
Home country households are indexed by i € [0,1] and firms are indexed by h
€ [0,1]; in the Foreign country households are indexed by i* € [0, 1] and firms
are indexed by f € [0,1]. In what follows I focus on the Home economy since
the Foreign economy can be described symmetrically.

Households Households cannot move across countries, share identical pref-
erences, own domestic firms, derive utility from a final consumption good and
disutility from supplying labor services to firms in exchange for wage income.
The utility of household 7 at a given period t is given by:

The parameter k£ > 0 determines the disutility of supplying labor and C4,
the final consumption good, is not traded internationally and is produced in a
perfectly competitive final good sector by a Cobb Douglas aggregator technology
that combines a Home basket of goods (Cp+) and a Foreign basket of goods
(Cra(d)) :

1 1
— 2 2
Cr=Ch,Chy

5This last assumption aims to mimic the fact that while the price of oil is set in US dollar,
the US is an oil-importing country.



Ch, (i) and Cp4 (i) are CES baskets of, respectively, Home (Cy(h, %)) and Foreign
(Cy(f, 7)) differentiated varieties:

1 72T 1 7=
Crali) = / Cilhi) T dh | 5 Crali) = / Cf |
0 0

the parameter 6 > 1 is the elasticity of substitution across varieties, is equal
across countries and is higher than the elasticity of substitution between Cp
and Cr that is 1 as C} is a Cobb Douglas aggregator.

Solving for the expenditure minimization problem I obtain both the price
level (P;) and the households’ demand for a specific variety h (Cy(h,i)) and a
specific variety f (C(f,1)):

o = L) ()
o - H(30) () e
Py Cuy = PFtC’Ft:—PtCt,

)

where Py ; and Pr, are the price indices of, respectively, C'y; and Cr.
At any period t households face the following budget constraint:

PCy(i) + By(i) +&,Bi (1) <W Li(i) + (i) + B, ())(1 +74,_,) (2)
+ee By (i )(1+Zt 1)

where P;C}(7) is nominal spending on the final consumption good, W; is the
nominal wage per unit of labor, I1;(7) is household’s share of profit of firms in
the intermediate goods sector. Households can purchase two riskless one-period
bonds at any period t: B.(¢), which is denominated in home currency and yields
a nominal interest i; at ¢t + 1, and B (i), which is denominated in foreign-
currency and yields a nominal interest rate ¢y at ¢+ 1. The nominal exchange
rate, £, expresses how many units of Home currency are exchanged per one unit
of Foreign currency.

Households’ decisions on consumption and labor supply solve the following
utility maximization problem:

M E In(Cy(7)) — KLy (3
e, Z)aLiU tZﬁ n(Cy( kL(3),

subject to the stream of one-period budget constraints defined in (2).
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Firms and pricing regimes The intermediate goods market is characterised
by monopolistic competition: each firm supplies a single variety h that is an
imperfect substitute to all other varieties. Technology is represented by a Cobb
Douglas production function that is common across firms:

Yi(h) = Z:Lg (h) E; =" (h).

Zy > 0 is the total factor productivity and is common across Home firms.
a € (0,1) is the share of labor income and is common across firms and countries.
Li(h) and E;(h) are, respectively, the amount of labor and oil that are employed
in the production of variety h at the period ¢t. The aggregate demand of a variety
h at time ¢ is:

_ _ -6 .
1P\ (Pu\"" 1 (PR P,
Yi(h) == . C+ = —= C*. 3
o(h) 2 (PH¢ P, *3 Py, Py (3)
Any firm sets two prices for its variety h, one in the Home market and the
other in the Foreign market, to maximize its profit function II;(h) :

1

Mar () = (Pi(h)—MCi(h)) / Co(hi)di + (ePE(h)  (4)
Py(h),e? Py (h)

subject to the aggregate demand for its good (3). The marginal cost of h is:

() P

MCy(h) = MCy = 5oit—=—,

which is identical across varieties h.

The intermediate goods prices are computed under three different scenarios,
each one characterised by either flexible prices or nominal price rigidities, and
by the specific pricing regime that the intermediate goods firms adopt in the
two countries. To define what are the possible pricing regimes that a firm
can adopt let us consider that in general the Home firm, but the same line of
reasoning holds for the Foreign firm, maximizes its profit in the Foreign market
by setting the price P;(h) = Py (h)el, where the parameter ¢ € [0,1] is the
degree of exchange rate pass-through. If ¢ = 1 we are under the producer
currency pricing (PCP) regime: the price the firm sets in the Foreign market
is P;(h) = P;(h)et and is denominated in Home currency, so that any change
in the nominal exchange rate fully transmits to Pt(h). If ¢ = 0 we are under
the local currency pricing (LCP) regime: the price the firm sets in the Foreign
market is P;(h) = P;(h) and is denominated in Foreign currency, so that no
change in the nominal exchange rate affects P;(h). An interesting way to see

11



at the different degree of exchange rate pass-through involved by the two price
regimes is to interpret it in terms of the geographical distribution of the firm’s
production sites. Let us consider again the case of an Home firm that produces
h and let us assume that it always sets the price in the producer currency, but
now it can choose how to distribute its production between the two countries.
It follows that the influence of the exchange rate regime on the price set in
the Foreign market will depend on how the total production of h is distributed
between Home and Foreign. Full exchange pass-through would correspond to
the case in which h is entirely produced at Home, while the case of no exchange
pass-through would occur when the production of h has been divided across the
two countries as to serve both markets as a local firm.

Under a flexible price regime the choice of the invoice currency for the price
of exports does not have any effect on the propagation mechanism of oil price
shocks, that is both the PCP and the LCP regime lead to the same result.
However, when nominal rigidities are introduced, which one of the two regimes
is on has a large effect on the way oil price shocks transmit to the economy.

Monetary Policy The monetary policy stance is defined by p, = P;C}. This
specification of the monetary policy allows the monetary authority to influence
the aggregate nominal spending without specifying what is the exact instrument
that it uses to do it.

The price of oil The nominal price of oil is exogenous %, is denominated in
the Home currency and always respects the law of one price:
P* — Pe,t
e,t & .

Financial allocations in equilibrium A symmetric equilibrium is com-
puted under the assumption of financial autarky, so that the agents cannot lend
or borrow internationally.

3.1.1 The flexible price regime

The distinction between an oil importing and oil exporting country is the third
source of cross-country asymmetry in the model equilibrium other than differ-
ences across countries in the total factor productivity and the monetary policy
stance. This additional asymmetry, in equilibrium, is captured by the parameter
QFLP )
7+l —a
FLP _ 9517() > 1. (5)
—1 (1 — Oé)

SThough an oil market is not explicitly modelled, the assumption of an exogenus price of
oil amounts to considering a perfectly elastic oil supply (any quantity of oil demanded can
be supplied at the given price) and zero marginal costs. The price of oil is then determined
entirely by a specific tax that is set up by the government of the Foreign country, and whose
revenues are equally redistributed across households as a lump sum transfer.

12



which is an increasing function of both the degree of monopolistic power in
the Home intermediate goods sector () and its share of oil costs (1 — a):

The presence of o"F causes the oil importing currency to depreciate in
equilibrium with respect to the case of no oil in the economy (as in Corsetti and
Pesenti where pf'2f = 1):
FLP Ht

i ©

The parameter %" approaches 1 as both (1 —a) goes to 0 (no oil is
required to produce) and as 6 approaches 1, as a larger monopolistic power
implies both a lower equilibrium production, which requires fewer oil imports,
and larger revenues from exports. o' “¥ also drives a wedge in the consumption

Et:(p

*

ratio (%*) and the labor ratio (LT), so that in equilibrium Foreign households
work less and consume more than Home households:

"
g:goFLP:>C’,§k>C’,g = =o't —= L < L.
Cy Ly
To describe the impact of oil price shocks on a variable of interest Y; I
compute its elasticity to the price of oil. For this purpose, I define by xy, p,_, the
elasticity of the variable Y; to the price of oil, that is the percent change in Y;
when the price of oil P, ; increases by one percent. The impact of oil price
shocks on the world economy with flexible prices is then summed up by the
following elasticities:

Ly

Xey,Peyy — 0 (7)

Xct,Ps,t = th,PE,t = _(1 - a) (8)
Xp,,p.. = Xp,p., = (1—q) (9)
XLt,Pe,t = th,Pe,t =0 (10)

For example, with flexible prices a positive oil price shock does not affect
either the nominal exchange rate (7) or the level of employment in the two
countries (10) 7, while, in both countries, the price level increases (9) and con-
sumption decreases (8) by the same amount. ®

Figure 4 shows the effect of a positive oil price shock on the Aggregate Supply
(AS) and the Aggregate Demand (AD) schedules of the Home economy in the
space (C, L) :

"The increase in the demand of labor that is due to the substitution of labor for oil cancels
out the decrease in the demand of labor that is caused by a lower aggregate demand.

81t is worth noting that in case of shocks to the real price of oil rather than to the nominal
price of oil the size of X pes Xc*,pes Xp, pe and X px p, increases from |1 — af to {%{ .This
distinction may matter when trying to estimate the effect of oil price shocks to the economy
in empirical works, though the difference between both measures is negligible if the oil share
is small.
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Figure 4 - The effect of a positive oil price shock on the economy when prices
are flexible.

The index 7P in the AS schedule captures both the supply channel (the
condition of intratemporal marginal substitution between labor and energy) and
the trade channel of transmission of oil price shocks. However, with identical
technology across countries and no change in the nominal exchange rate, oil
price shocks do not change the terms of trade, so that only the supply channel
is at work in the transmission of the oil price shock. A positive oil price shock
lowers 7F'1F and rotates the AS schedule downwards, from AS® to AS!, because
of the substitution of labor for oil, and also shifts the AD schedule downward,
from AD? to AD!, as the price level P increases. In the new equilibrium the
level of employment L does not change, consumption decreases from C° to C*
and the price level increases from P° to P'. The effect of oil price shocks to the
Foreign economy is perfectly symmetric to that of the Home economy.
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3.1.2 Nominal Price Rigidities

Nominal price rigidities are introduced by assuming that prices are predeter-
mined one period ahead.” With nominal rigidities oil price shocks have asym-
metric effects across countries, and the distinction between pricing regimes (PCP
or LCP) changes the propagation mechanism of oil shocks to the economy.

The PCP regime With nominal rigidities and PCP regime the exchange rate
in equilibrium is an increasing function of the price of oil (??), the exchange
rate elasticity to the price of oil is positive (??) and is an increasing function
of the price of oil (??). It follows that if a given positive oil price shock forces
the oil importing currency to depreciate by 4, an oil shock twice as large will
force a depreciation in the oil importing currency larger than 2. This result is
in accordance with the empirical results shown in Figure 3 where the response
of the terms of trade to oil price shocks is increasing in the size of the shock.

PCP
ep = 4t POP - pPCP > 6—“gtIT>O (11)
Xeo,Poy > 0 (12)
8!9(5 ,Pe, )
8(;3“; >0 (13)

The effects of oil price shocks on the other variables in the economy are
reported below in terms of elasticities to the price of oil and expressed as a
function of x. p,, which is a measure of the strength of the trade channel itself:

1 1
XCy,Pey 7§X57Pe <0, XPy,Poy = §X€t7Pe,t >0 (14)
1 1
Xct*vps,t = §X5,Pe >0, XP:,PE,JL = 7§X€t7PE,t <0 (15)
PCP
Pt (Pet)
XLy, Pey = (@fCP(Pe O — 1) Xe, Py = 0 (16)
Xep.p., 2 0 (17)

Oil price shocks have asymmetric effects to oil importing and oil exporting
countries as the change in the terms of trade redistributes asymmetrically across
countries the cost of adjustment to the shocks. After a positive oil price shock
the currency of the oil importing country depreciates to gain in competitiveness
and make up for the higher price of oil imports. The worsening in the terms
of trade of the oil importing country provokes a negative wealth effect to which

9 Quadratic costs of price adjustment a la Rotemberg or Calvo pricing would introduce a
more realistic dynamic of the economy but would not allow for an analytical solution.
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households react by both consuming less (11) and, even if real wages have been
driven down by a higher price level, supplying more labor services (11). House-
holds in the oil exporting country, instead, take advantage of the change in the
terms of trade, which makes imports cheaper and reduce the price level, and
increase their consumption.

The final effect on the production/employment is uncertain and depends on
the size of the oil price shock. By the supply channel, the increase in the price
of oil causes a replacement of labor for o0il in the production function. However,
as the price of oil is exogenously fixed in Home currency, the input price of oil
for Foreign depends also on x. p.. It follows that the larger the shock (and so
the larger x. p, ) the less important the supply channel in the Foreign coun-
try. Eventually, after a very large positive oil price shock the supply channel
might decreases employment in the Foreign country. Thus, the supply channel
increases foreign employment for small oil price shocks (elasticity) and decreases
it for large shock (elasticity). By the trade cahnnel, the foreign currency appre-
ciation both induces a worldwide replacement of oil importing for oil exporting
intermediates, which contracts the demand of labor in the oil exporting coun-
try, and also withers the increase in the price of oil as measured in oil exporting
currency, as the price of oil is denominated in home currency.

This is the terms of trade effect of oil shocks on the oil exporting country
employment. The larger the size of the oil price shock, the bigger the probability
that the latter effect will prevail and so that employment in the oil exporting
country will shrink after a positive oil price shocks.

Figure 5 shows the effect of oil shocks to the oil importing economy using
the AS and AD schedules in the space (C, L) :

AS Ct:TtPCPLt

My
AD ==,
C P,

As in the case of flexible price, the terms 77" in the AS schedule captures

both the supply and the trade channel of propagation of oil shocks. A positive
oil shock rotates inwards the AS schedule, from AS°® to AS!, while the increase
in the price level, from P° to P!, shifts downwards the AD schedule, from ADO
to AD1. As a result consumption falls from C° to C! and the employment in-
creases from LY to L.
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Figure 5 - The effect of a positive oil price shock on the oil importing economy
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with nominal rigidities and PCP pricing.
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Figure 6 - The effect of a positive oil price shock on the oil exporting economy

with nominal rigidities and PCP pricing.
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Figure 6 shows the impact of a positive oil price shock to the oil exporting
country with the aid of the AS and AD schedules. The AD schedule always shifts
upwards, from AD? to AD', as the price level always decreases from P° to P!.
The AS schedule, instead, may rotate either upwards or downwards, depending
on which one between the supply and the terms of trade effect prevails. For
small oil price shocks the supply effect prevails and the AS curves will rotate
downwards, from AS° to AS?, causing employment in the oil exporting country
to increase. For oil price shocks large enough the terms of trade effect prevails
and the AS schedule rotates outwards, from A° to A!, shrinking employment in
the oil exporting country.

The LCP regime With a LCP regime the strength of the trade channel of
adjustment to oil shocks gets reduced. The nominal exchange rate still reacts
to oil price shocks (11) but the elasticity of the nominal exchange rate to oil
price shocks is now bounded from above (11).

e = LLOLOP LLOP(p ), Opr 7" >0 (18)
et 7 OPc
0 < Xepp, <(1—0@) (19)
0 9 (X5t7Pe,t) (20)
< —_—
a(Pe,t)

Under a LCP regime both economies are partially insulated from oil price shocks
as in both countries both the price level and consumption do not change after
an oil price shock (11). Oil price shocks only change the level of employment
(11) as the ratio of labor to oil in the production function reacts to the change
in the relative prices of the factors of production. However, the supply effect is
always less severe in the oil exporting country (11) as the change in the price of
oil denominated in the oil exporting currency is moderated by the movement in
the nominal exchange rate.

XCy,P.y = XCf,P.y = XPi,P.y — XP},Peyy — 0 (21)
Xr,.p, = (1-a) (22)
Xepr, = (=) (1=xep,)<(-0) (23)

18



Co >

4

Lo —”L,

Figure 7 - The effect of a positive oil price shock on the oil importing economy
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Figure 7 shows the effect of a positive oil price shock on the Home economy
with the help of the AS and AD schedules. After a positive oil price shock the
AD schedule stays put at ADY. The AS schedule, instead, rotates inwards as
labor replaces oil in the production function. The only change in the economy
of the positive oil price shock is the increase in the level of employment L. The
effect of a positive oil price shock on the oil exporting country is almost identical,
the only difference being a reduced increase in the employment level L*.

4 Discussion and Extensions

The model discloses two aspects of the trade channel of propagation of oil shocks,
specifically the role of the exchange rate pass-through and the non linear rela-
tionship between the size of oil shocks and the response of the economy. These
contributions help to better understand when oil price shocks may have a large
recessive impact on oil importing country, and suggest that a change in the ex-
change rate pass-through might contribute to explain the evidence of a weaker
impact of oil price shocks on the economic activity in recent times.
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The clarity of these messages comes from the closed form solution of the
model, which is obtained thorugh many simplifying assumptions. Thus, the
model represents a valuable starting point for an analysis of the relationship
between oil and macreoconomic performance which aims to fully reconcile data
with theory. In particular, the model should be extended in three directions:
endogenise the price of oil by introducing a world oil market, a more complex
structure of the international financial market, and the introduction of capital.

The introduction of an international oil market would permit the model to
distinguish the effects of oil price shocks according to the source of the shock.
A more complex modelling of international financial markets would matter not
only because it affects the strength of the trade channel but also because of the
so-called evaluation effect (though it might play a minor role for oil importing
country under the assumption that the assets weightings in a country’s Port-
folio reflected the relative economic importance of the country). Finally, the
introduction of capital would allow for a more realistic and interesting dynamic
of the adjustment process of the economy to oil shocks.
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APPENDIX A - General equilibrium conditions

Households The world consists of two countries of equal size, Home and
Foreign, which are identical in any respect apart from total factor productivity,
monetary policy and oil endowment. Oil is a Foreign specific resource, so that
Home is the oil importing economy and Foreign is the oil exporting economy.
Each country is inhabited by a continuum of households and firms: in the Home
country households are indexed by ¢ € [0, 1] and firms are indexed by h € [0, 1];
in the Foreign country households are indexed by ¢* € [0, 1] and firms are indexed
by f €[0,1]. I follow the convention of labelling with an asterisk the variables
of the foreign country and, when reporting results in a table, reporting results
for the Home country in the first column and results for the Foreign country in
the second column.

In each country households share preferences, own domestic firms, derive utility
from a final consumption good (C; or Cf) and disutility from supplying labor
services (L; or Lj) to firms in exchange for wage income (W; or W;). The
utility of home household i at a given period ¢ is given by:

Ut(Z) =In Ct(’L) — kLt(Z)

The parameter k > 0 determines the disutility of supplying labor and Cy is
produced in a perfectly competitive final good sector by a Cobb Douglas aggre-
gator technology that combines a Home (Cp ) and a Foreign basket of goods
(Cr,) with equal weights:

1 1
Cy = Cﬁl,tcﬁit'
The final consumption good cannot be traded and is entirely consumed. Cg +(¢) and Cr() are

CES baskets of, respectively, Home (C;(h,i)) and Foreign (Cy(f,7)) differenti-
ated varieties:

0—1

1
. Cpali) = / afTar|
0

6—1

1
Cr (i) = / Ci(h, i) dh
0

the parameter § > 1 is the elasticity of substitution across varieties, is equal
across countries and is higher than the elasticity of substitution between Cp
and CF that is 1.

Symmetrically, for the foreign household i* we have:

Uz () = In G (i) — KL (%), Ci = (C)? (Cp)?

1 72 1 T
Oy (%) = / Cr(hi®)' dh |, Cpy (i) = / Ci(f,i%) " df

0 0
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Given the vector of prices (P, Pf 4, P, P},t) , household’s demands for

(Cr (i), Cr,e(i)) in the Home country and household’s demands for C; (i), CF ,(i*)
in the Foreign country, are obtained as solutions to the following cost minimiza-

tion problems:

Min  PyCri(i) + PriCrai Min Pl Ol (%) + Pp,Ch, (i*
Cath o .4 Crr (1) 1 Fit Fl,t() i (), (i) H.t H,t( )1 Fit F,lt( )
s.t. Cy(i) = Crr4(i)E Cry(i) sit. CE(i*) = Oy (i), (i7)3.

The first order conditions of each cost minimization problem give the demands
for the baskets of Home and Foreign goods, and the lagrangian multiplier associ-
ated to the technology constraint gives the price index of the final consumption
good, which is then interpreted as the minimum expenditure required to con-
sume one unit of the final good. The following table reports Home (column 1)
and Foreign (column 2) demands for the baskets of Home (A.2a, A.2b) and For-
eign goods (A.la, A.1b), the prices of the final consumption good (A.3a, A.3b)
and the optimal composition of nominal spending (A.4a, A.4b)

=
i

. . t )2 P Py Pr\2
Crali) = Culi) (F2) (Ada)  Cpi7) = Cr (i) (722 (A.1b)
- . F.t B * -k * [k PZ“ t B
Crali) = C1(6) (422 ) (A20) Cip, (") = G (%) (724) (A.20)
P, =2PZ,Ph, (A3a) Pr=2(Ph,)? (Ph.)? (A.3b)
PCy = 2Py Cyy = 2Pp,Cpy  (Ada) P;C; =2Pf; ,Chy, = 2PF,Chy. (A.4b)

Home and Foreign households’ demands for varieties h and f (Ci(h, i), C¢ (f, i) and Cf(h,i*), Cf (f,i*))
solve the following cost minimization problems:

M Culhi)+ [ p1:Cy Min [ 00C; i)+ [i(rICu S
Ch,t(i)}cﬁ’t(i)/l)h,t t(hy i) + | priCra (i) cr 0B o pi (WCY (h,i*) + [ pi(f)Ce(f,7")
6 2]
6—1 1 6—1

1
st Cp(i) = / Cy(h,i) 7 dh s.t. Cfp (i) = / Cy(h,i*) 7 dh
0

0—1

T df

6—1

0
1 1

st Cpa(i) = / Cy(f,1) 5 df s.t Cpy(i*) = / Ci(f,i*)"
0 0

From the first order conditions we obtain :
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Crlhi) = (292) ™ ¢y = 3 (22) ™ (222) ™ i) (A5a)

Ci(f,i) =3 (%ﬁ{’)_e Cra(i) =1 (fj;;ft >)_9 (Pg) Cy(i) (A.6a)
Cr (i) = () opu = 4 (B) T () ey (am)
atrin =4 (50) op =1 (B0) 7 (E) Tere). (ae

At any period t the home household i face the following one-period budget
constraint:

PiCy(i) + By(i) + & B (i) < WiLy(i) + I (4) + Biy ()1 +ir—1)  (A.Ta)
teeBy_1 (1)(1 +4f_1),

where P.Cy(7) is nominal spending on the final consumption good, W; is the
nominal wage per unit of labor, I1;(7) is household’s share of profit of firms in
the intermediate goods sector. Households can purchase two riskless one-period
bonds at any period t: B(i), which is denominated in home currency and yields
a nominal interest i; at ¢+ 1, and Bj(¢), which is denominated in foreign-
currency and yields a nominal interest rate ¢y at ¢+ 1. The nominal exchange
rate, g;, expresses how many units of Home currency are exchanged per one unit
of Foreign currency. Similarly, the one-period budget constraint for the foreign
household #* is:

PECH(I*) + 2 Bu(i) + By () < WYLY () + T 6%) + B2 () (1 1) - (A7)
+B{_, (") (1 +i7_1).
In both countries households’ decision on consumption, labor supply and finan-

cial accumulation maximize the present discounted value of utility subject to
the flow of one-period budget constraints:

(o]
Max ES B'In(Cy(i)) — kL (i
Cui),La (i), Bu3),B7 (1) t; (Celi)) = KL (3

st.  (A7a) s.t.  (A.7b)

By B (G () - KL ()
t=0

g Maz
O (%), L7 (1%), B (i%), B (i°

From the first order conditions we obtain:

i = B (B o) (A9a) o = B (B 7 ) = B (Qiena (@) (A9D)

W, = —kP,Cy(i) (A10a) Wy = —x*PrC;(i*) (A.10b)
[

e = B (B ) = Bi (Quin)  (Alle) oy = By (B2 ) (A.11b)
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From (A.10a), it follows that C;(i) = C} as k, P, and W; are common to all home
households. Similarly, by (A.100) C; (i) = Cf. Q41 (A.1la) is the nominal
discount rate of home households, and Qj,.; (A.9b) is the nominal discount
rate of foreign households.

Intermediate goods sector In each country the intermediate goods sector
is characterised by monopolistic competition: any firm supplies a single variety,
h in the Home country and f in the Foreign country, that is an imperfect
substitute to all other varieties. Technology is represented by a Cobb Douglas
production function and is common across all firms in the same country:

Yi(h) = Z By (ML (h)  (Ad2a) YP(f) = Z7 (Bp)' () (L) (). (A.120)

Zy > 0 (Zf > 0) is the total factor productivity and is common across Home
(Foreign) firms. « € (0,1) is the share of labor income and is common across
firms and countries. L;(h) and E(h) (L;(f) and Ef(f)) are, respectively, the
amount of labor and oil that are employed in the production of variety h (f) at
the period t. The aggregate demand for a given variety, h or f, at time ¢ is
given by aggregating Home and Foreign households’ demands for that variety
(A.la, A.1b, A2a, A.2b):

Yilh) = f Calh i+ [ G (hivyair = (522)™ (5) o (52)

Vi) = G+ Citaar =4 (8) (%) e (52)

Cr= [Ci(i)di, CF= [Cr(i*)di*.

In each country intermediate goods firms take the prices of inputs as given
(Wi, W, Pe, PZ,) and demand the quantity of labor services (L¢(h) or Lj(f))
and oil (E¢(h) or Ef(f)) that solve the following cost minimization problem
subject to the technology constraint:

E(J}\L{%)Pe,tEt(h) + Wi Li(h) - (]J\c{zL%(f)PeytEt (f) + Wy Li(f)
s:£.Ye(h) = Z:E'~*(h)L*(h) s Y7 (f) = Z7 (B () (L) ()

From the first order conditions we obtain the optimal ratio of factor inputs that
is adopted by the Home (A.13a) and Foreign (A.13b) intermediate goods firm,
while the lagrangian multiplier associated to the technology constraint provides
the marginal cost of producing an additional unit of variety h (A.13a) or f

(A.13b):

Wy _ _a Ei(h) Wy o Ef(f)
P = 1-a LZ(h) (A.13a) Pr, ~ 1T-aLi(f)

PlfaWta . . P 1*04(W*)o<
MCi(h) = MC = o= (A13c) MCE(f) = MGy :%
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Any firm has to set two prices for the variety it produces, one in the Home
market and the other in the Foreign market. These two prices are set by the
firm to maximize its own profit function, which is II;(h) for home firms and
IT; (f) for foreign firms. The profit functions II;(h) and II;(f)are defined as
follows:

1 1
/Ct h Z dl + ﬁtP /C d’L — WtLt(h) — PeﬂgEt(h)
0 1 0 (A.14a)
= (Pi(h) = MCy(h)) /C’t(h,i)di + (et Py (h) — MCy(h)) | Cf(h,i*)di*
0

o\»—t

£t

1 1
Hxﬂ:M”/cuwm+w% ~ MCy(f /szdsz%%ﬂf@ﬂﬂﬂ
0 (A.14b)

1 1 ’
= =m0 [ o7 i+ (52 (1) - MO () [ Gty
0 0

where the second part of the right hand side of A.(14a) follows from applying
(A.12a), (A.12¢) and (A.13a), and the second part of the right hand side of
(A.14b) results from applying (A.12b), (A.12d) and (A.13b).

Monetary Policy In each country the monetary policy stance determines the
aggregate nominal spending by setting a parameter, p, in the Home country
and p in the Foreign country. This specification allows the monetary authority
to influence the aggregate nominal spending without having to specify the exact
instrument that monetary policy uses for it.

w, = P.Cy (A.15a) ur = PrCY. (A.15D)

The price of oil The nominal price of oil is exogenous '° and is denominated
in the oil importing country currency. Moreover, for the price of oil it always
holds the law of one price:

Pe,t
e,t T & .

Symmetric Equilibrium Conditions In a symmetric equilibrium the fol-
lowing conditions hold: L;(h) = Ly, E((h) = Ey, Li(f) = Ly, Ef(f) =
Erv Pt(f) - PF,t7 Pt(h) - PH,t7 Pt*(f) :7P;;',t7 Pt*(h) - P;—},t: Ct(f7z) =
CF7t7 Ct(h,Z) = CHJ? Ct*(va*) = C;‘,tv Ct*(hﬂZ*) = C;I,w By = Bt(z)v Bz( =
B} (i*).

19Though an oil market is not explicitly modelled, the assumption of an exogenus price of
oil amounts to considering a perfectly elastic oil supply (any quantity of oil demanded can
be supplied at the given price) and zero marginal costs. The price of oil is then determined

entirely by a specific tax that is set up by the government of the Foreign country, and whose
revenus are redistributed across households as a lump sum transfer.
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Clearing Market Conditions Clearing market conditions for the labor mar-
kets, the intermediate goods sector and the final good sector require:

thhdh—th' i= Ly (A16a) [Li(f df J Li(i*)di* = Ly
[ Ciliydi = C, = C}, ,C3, (A16e) [ Cp(*)di=Cp = (Chr,)* (Cpy)?
[ [f Ci(h,i)di+ [ C(h,i*)di*] dh = [ Z,E}~*(h)L§(h)dh =
Cui+Chy = ZE} LY (A.17a)

J [ Cr(f.i)di* + [ Cf,i)di] df = [ Z; (Bi (£)™° (Li ()" df =

Cra+ Cpy = ZF (Bf) ™ (L)~ (A.17b)
General condition for the equilibrium nominal exchange rate A gen-
eral condition for the equilibrium nominal exchange rate, which is independent

of the pricing regime, is found by aggregating over Home households’ budget
constraint:

(A.16b)
(A.16d)

PtCt—WtLt Ht+th dl+fB* d’L+(1+’Lt 1€tht1 dl+(1+lt 1‘5th

The aggregate profit I1; is defines as follows:

= [ [Pu(h) (f Cy(h,i)di) + er Py (h) ([ Colhy i*)di) — WiLa(R) — Py Ey(h)] dh
= PH,tCH,t + EtP;I,tC}iI,t — WtLt — PeﬂgEt.

Let’s impose financial autarky as the equilibrium financial allocations. To do
this (a) consider that both B; and Bj are in zero net-supply worldwide,

[ Bi(i)di + [ By(i*)di* =0, [ Bj(i)di+ [ B;(i*)di* =0,

(b) assume the following financial allocations: B; = 0, ¢:B; = 0, Vt. The
aggregate budget constraint then becomes: P,C; — Wy L; — II;, = 0. Replace in
this last expression (A.18) and (A.4a) to find:

PH,tCH,t = EtP;I,tC;I,t + Pe,tEt~

This expression states that the nominal exchange rate moves to offset imbalances
in the trade balance. By replacing in it (A.2a), (A.2b), (A.4a), (A 4b), (A.10a),
(A.15a), (A 15b), and (A.17a) I find a general condition for the exchange rate
that depends only on the intermediate goods equilibrium prices:

(e +45) =i i -1]. (A1)
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To find the equilibrium of the model the last conditions that are required are
the equilibrium prices of the intermediated goods. These prices are computed
under three different scenarios, each one characterised either by flexible prices or
nominal price rigidities, and by the specific pricing regime that the intermediate
goods firms adopt in the two countries. To define what are the possible pricing
regimes that a firm can adopt let us consider that in general the Home firm
maximizes its profit in the Foreign market by setting the price Py (h) = P;(h)e?,
where the parameter ¢ € [0,1] is the degree of exchange rate pass-through. If
¢ = 1 we are under the producer currency pricing (PCP) regime: the price the
firm sets in the Foreign market is P;(h) = P;*(h)e; and is set in Home currency,
so that any change in the nominal exchange rate fully transmits to Pt(h). If
¢ = 0 we are under the local currency pricing (LCP) regime: the price the firm
sets in the Foreign market is P;(h) = P;(h) and is set in Foreign currency,
so that no change in the nominal exchange rate affects P;(h). These two price
regimes can also be interpreted in term of the geographical distribution of the
firm’s production sites. Let us consider again the case of an Home firm that
produces h and let us assume that it always sets the price in the producer
currency, but now it can choose how to distribute its production between the
two countries. It follows that the influence of the exchange rate regime on the
price set in the Foreign market will depend on how the total production of h
is distributed between Home and Foreign. Full exchange pass-through would
correspond to the case in which h is entirely produced at Home, while the case
of no exchange pass-through would occur when the production of h has been
divided across the two countries as to serve both markets as a local firm.

The general condition to compute the Aggregate Supply (AS) of the oil im-
porting country can be derived by replacing (A.2a), (A.2b), (A.13a), (A.15a) in
(A.17a):

1 N
Co(722)" +Cr (724) = L ghy. (A200)

H,t

2
=

Similarly, the general condition to compute the AS of the oil exporting coun-
try is obtained by applying (A4.1a), (A.1b), (A.13b), (A.15D) in (A.17b):

1 1
P 2 « { Pp 2 « RS
Co(fee)" +Cr (F2)" = Litigir. (A200)
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APPENDIX B - The symmetric equilibrium in a
Flexible Price Regime

In a flexible price regime the choice of the invoice currency for sales abroad does
not affect the equilibrium prices of the intermediate goods, which are obtained
by solving the following profit maximization problems:

Home’s firm profit maximization problem

n 12, P = MCi(h) 3 (7 >_0 <P_gf>_l Crt(ec Py (h) = MGy (M) 3 (EP%))_O (%) o

Foreign’s firms profit maximization problem

—0 ;e N\ —1
* 1 (B2 ) Pry * P(f) 1 (B2(f)
pt%%?(f) (FE(f) = MC(f)) 5 (_1?’7> < é}t> Ct+< « MCt(f)) 2 <Pt'F,t
From the first order conditions we obtain:
Pyy =35 MC, (B.la) Pi, = g M (B.1b)
Ppy = 556 MCy (B.2a) P, =75 MC;. (B.2b)

Given the intermediate goods prices, we can use the conditions previously de-
rived in appendix A to compute the equilibrium of the two-country economy.
The equilibrium nominal exchange rate is found by replacing (B.1a) and (B.1b)
in (A4.19) :

%+(170)
e = QTP OFP = [%} > 1. (B.3)

The parameter %P captures the asymmetries in the equilibrium that are
caused by the distinction between an oil importing and oil exporting country.
The presence of XY causes the currency of the oil importing country to de-
preciate in equilibrium with respect to the case of no oil in the economy (as
in Corsetti and Pesenti). 'L is an increasing function of both the degree of
monopolistic power in the Home intermediate goods sector (6) and its share of
oil costs (1 — a). It approaches 1 as both (1 — «) goes to 0 (no oil is required
to produce) and 6 approaches 1, as a larger monopolistic power implies both
a lower equilibrium production, which requires fewer oil imports, and larger
revenues from exports.

The equilibrium value of consumption is found by applying (A.1a), (A.2a), (A.4a),

(A.15a), (B.1a) and (B.1b) to C; = Cy 42 Cpy?

a l-a 1 a
Co=5 () (-0 4s)  (220)F "7 (Bda)

K

Similarly, C} is obtained from applying (A.1b), (A.2b), (A.4b), (A.15b),
and (B.2a), (B.2b) to Cf = C;,2C5,?
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a (1-a) 1 _a
Ci=tm () (U-opn) @z B

Equilibrium employment in the oil importing country is obtained by replacing
(B.3) in (A.19), and in the oil exporting country by substituting (A.4b), (A.13b),
(A.15D) in (A.17D) :

FLP

Lt =L= % |:6—Li‘(m:| (B5CL) L: =L*"= % [m} . (B5b)

To get Ey, the quantity of oil used in equilibrium in the oil importing country,
replace (B.5a) in (A.13a), and similarly for E} replace (B.5b) in (A.13b):

_ 11—« * _ 11—« “wy
E; = P_l:;’_t (m) (B6a) Et = [m] Flg_t (B6b)

The equilibrium price level of each country is found replacing the equilib-
rium consumption level, (B.4a) for Cy and (B.4b) for C}, in the correspond-
ing monetary policy stance equation, (A.15a) for the oil importing country
and (A.15b) for the oil exporting country:

P, =y (2,2 *% 20 (5)° <PE t> - HFLPS (B.7a)
Pr =g (g) <(1 —a)p5 >_(1_0¢) (2:27)"2 " P=022) (B.70)

The ratio of foreign to home consumption in equilibrium is easily computed
from (B.4a) and (B.4b) :

F =P >1=Cr >0

Similarly, (B.7a) and (B.7b) give the ratio of foreign to home employment in
equilibrium:

=i <1 L > Ly

Finally, the AS in the flexible price regime is obtained by applying (B.1a), (B.1b),
(B.2a), (B.2b), (B.4a) and (B.4b) to(A.20a) :

1
N -1
FLP ./ _ _FLP FLP _  Epy 1 MCy\2 [ 5 FLP *
AS ~Ct*7—t Lt; T o TIC, (Mct> E¢ (14’()0 ) 5 Mct =
Supply Channel Trade Channel

The index 7FLF in the AS schedule captures both the supply channel (the
condition of intratemporal marginal substitution between labor and energy) and
the trade channel of transmission of oil price shocks. However, with identical
technology across countries and no change in the nominal exchange rate, oil
price shocks do not change the terms of trade, so that only the supply channel
is at work in the transmission of oil price shocks.
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The effect of price shocks to the oil importing and oil
exporting economy in a Flexible Price Regime

To understand the effects of oil price shocks to the economy 1 compute the
elasticity of any variable of interest to the nominal price of oil. In particular,
I define the elasticity of the variable Y; to the nominal price of oil F.: as
Xy, Pet = 88—1{‘: Pf,t‘t, that is the percent change in Y; as the price of oil rises

by one percent.

Proposition 1 In a flexible price regime the nominal exchange rate is unaf-
fected by oil price shocks.

Proof. To prove it, it is sufficient to show x., p , = 0, which follows immedi-
ately from (B.3). m

Proposition 2 In a flexible price regime, oil price shocks decrease the aggregate
consumption in both the home importing and the oil exporting country.

Proof. To prove it, it is sufficient to compute the elasticity of C; and C} to
P . From (B.4a) and (B.4b) I obtain x¢, p,, = Xcr,p,, = — (1 —a) <0. ®

Proposition 3 In any price regime, XCy,Poy = —XPy,P.. and Xcr Py = —XPr.P.,
" . _ap
__ocC PeAtia(?t)PEti Ntapei& _
Proof. By (A.15a) follows that x¢, p, , = 9P C. = P —‘—% =Pz ulet=
OP; Pet o . .- . -
—op; B = ~XP,P.. Similarly, it is possible to compute XCy Poy = ~XP Pay-
[

By Proposition 3 it follows that with flexible prices oil price shocks increase
the price level in both country as xp, p,, = Xpr p., = (1 — ).
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APPENDIX C - The symmetric equilibrium
with Nominal Price rigidities and PCP Regime

Nominal price rigidities are introduced in the intermediate sector as firms set
the prices one period ahead. Under the producer currency pricing (PCP) the
firms fix their prices in the producer currency, and the equilibrium prices solve
the following profit maximization problems:

Home Price setting

—0 * —0
e (h)Et_th_l,t{(Pt<h>M@(h)) (B2) " Cor+ (Pr (h) = MCy(h)) (25512 C;;,t}

foreign price setting

-6 -6

* P (f) &P (f) * Pr(f) *

pMae Bea@i { (P42 = arcu) (452 Ores () - O (F2) i
€t ot

Replacing (A.4a, A.1la, A.15a and A.15b) in the first order conditions of the

Home profit maximization problem and replacing (A.4b, A.9b, A.15a and A.15b)

in the of the Foreign profit maximization problem we obtain:

Ey_a[“MC
Pyy =55 E 1 [MCy] (C.1a) P, = %—[—l (C.1b)

o
etEr 1 [7%]

By 1 [%J\IC’:]
R ol A I
B [24]

Py =75 E1 [MCy] (C.2a) Ppy = 555

3

(C.2b)

The equilibrium nominal exchange rate is found by replacing (C.1a) and (C.1b)
in (4.19):

c
ey = PP L (C3) PP = [Halic] > 1,
_6-1_ (1—a) _ o—1_ Pr-1|gt
ki() = TEtfl[J\O}Ct] > 0, kil = (1 — Oé) - 0.

¢ Ei 1 [Mct%%:']

As it makes little economic sense to have a negative nominal exchange rate,
condition (C.3) sets an upper bound to the magnitude of the oil price shock
Eio1[MCi| B [ 4E]

1 Kt

as MCy_ < .
E[MCy] 0—1 (1—) Et,l[MCt%f;]

= ki It is also plausible to assume
1

l—« *
Pe,t kﬂ‘txt By

Tion (T=a)(=3 s < 0, which amounts to set the fol-

Cov [MC’t, %ﬂ = Cov

lowing weak restrictions on the joint distribution of the exogenous variables
(Zyy puy s i) = (4) Zy is uncorrelated to both monetary policies and (44) pf is not
perfectly positively correlated with p,.

Proposition 4 If Cov [MCt, %H <0 then k1 > k.

34



1 0 1 Effl[%]

_0_ — _0_
6-10-0) = 6-101-0) ,_,[MC,4L|-Cov[MC, 4L |

Proof. ky = 7% 1 L = B[] -
6—1 (1701) Etfl[MCt] Et71[MCt]Et71 {%ﬁ_]
o1 P[]
-10-a) 5, [Mct%%:-]
To find the equilibrium value of consumption in the home oil importing coun-
try we apply (A.1a), (A.2a), (A.3a), (A.4a), (A.15a) and (C.1a), (C.1b) to C; =

=ki. m

1 1
CH,t 2 CF,t 2

[S1E

( =i ) 5 (¢PCP) 2. (C.da)

_ 10-1 *
Cr = 575 (gpf) Et—l{%MC;]Et—l[Mct]

Similarly, to get the equilibrium value of consumption in the oil exporting coun-

try we apply (A.1b), (A.2b), (A.3D), (A.4b), (A.15a) and (C.2a), (C.2b) to Cf

(C;I,t) : (C;‘,t) : :

[SI

By, | E 1
Cf = 35" (i) ( ] ) (¢7°F)2. (C4b)

Ei 1 [%Mct]Et—l[MCt*]

Equilibrium employment in the oil importing country is obtained by replacing

(C.3) in (A.19) :

"
By 1[MCylE;_1 pi' ‘|

By_q|MCy—L
_ a6-1 MCh { “t]
Lt — 2k 0 Et—l(Mct) MOy, i ) (05(1)
1-52 (1-a) ma
Et,I{Mct%

while employment in the oil exporting country is obtained from applying (A.4a), (A.4b),

(A.13b), (A.15b), (C.2a), (C.2b) to (A.17b),
1| L | By_1[MCY
e I d L ]+1]. (C.5b)

L* = a 6-—-1 MCy
t 2k 0 E;_1[MC}] | PP Ei 1 [%MC’:]
t

To get E;, the quantity of oil used in equilibrium in the oil importing country,
replace (C.5a) in (A.13a), and similarly for E} replace (C.5b) in (A.13b):

l1+Et1[Alct]Etl %i‘
Et,l{Mct%z]
E, = 1—a 0—1 MCy My t - C.6a
2 0 E;_1(MCy) P, MQEFI[% ( )
1-221 (1-a) s
E MC By
t—1 t e
By | | Eyoq[MCY)
1-a§-1__ MC w ¢ 1[#*] ot i PCP
. + @i . (C.6b)

Ei_s [%MC;]
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The equilibrium price level of each country is found replacing the equilib-
rium consumption level, (C.4a) for C; and (C.4b) for C}, in the correspond-
ing monetary policy stance equation, (A.15a) for the oil importing country
and (A.15b) for the oil exporting country:

% 1 | 7% 1
Pt=f—91(5:‘)< eld ) (eFr) (CTa)

By [L—‘,&Mcg]Et,l[MCt]
t

N Ee_1[MC{]E_ [4L MO, 2 1

l=
[\
S

Finally, with nominal rigidities and under PCP prices the AS of the oil importing
country is obtained by applying (C.1a), (C.10), (C.2a), (C.2b), (C.4a) and
(C.4b) to(A.20a) :

1 —1
PCP . (v, _ _PCP PCP _  rpy 1 3 (Y PCP PCP PCPYPCP
ASPCP : ¢y = rPOPL, | PP = M [eF (TROF + TECPRFOPTECT)|
Supply Channel Trade Channel

[N

B, _ in] 2 P 3
1| rPCP _ Eeo [ M0 .,
%tLIWCt] By [MCY] P E: 1 [i}] E,_1[MCY]

(Etl{
TPCP _ i
c - 3 * 3
n 0
Pt {EL] TECP — B[] e
Ey_q {%NICZ‘]EJL,I[JVICH Ei_1 [%Mct]Et,l[MCt*]

Following a similar procedure, the AS for the oil exporting country is:

-1
* 1
PCP . rvx _ _«PCP «*PCP _ KMy 1 2 1 1 1
AS : Ct =T Lt Tt = "o MCp E¢ |:S0tpcp Tgcp Tgcp + E%Tng]

Computing the effect of oil price shocks to the oil
importing and oil exporting economy

Proposition 5 In presence of nominal price rigidities and under a PCP Regime
a positive (negative) oil price shock depreciates (appreciates) the currency of the
oil importing country

Proof. To prove it, it is sufficient to show that the elasticity of £; to the price

of oil is positive. From (C.3), x., p., = (1 — @) MCt(lfklMgZ;Ell%rkoMCt) > 0.
|

Proposition 6 In presence of nominal price rigidities and under a PCP Regime
the impact of an oil price shock to the economy increases more than proportion-
ally to the size of the shock.
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Proof. To prove it, it is sufficient to show that x., p , increases with the size

of the oil price shock, P, ;. From proposition 5 is easy to obtain:
19} —_

dpret - (%ﬁ{c) (1— @) (ko + k1) [(1 — ka MCy) (1 + kg MCy)] 2 [1 + kioky MCZ] >
0. m

Proposition 7 In presence of nominal price rigidities and under a PCP Regime
a positive (negative) oil price shock reduces (increases) the aggregate consump-
tion in the oil importing country.

Proof. To prove it, it is sufficient to show that the elasticity of consumption of
the oil importing country to the price of oil is negative, that is,

_1 Et—l[i}] 2
: _ _ 1 0—1 ui .
given Cy = kge, 2, ko = sp,55= > 0, it
Lo 2170 Et,l[MCt(h)]Et,l[%MCt*] ’
follows that:
0C; Oey Pet e 1 —2 9e; Pese 1 gy Pet 1
— Y O _ et i — __ 2 Ut _ et i — _ =2 Ui et -
XCoPow = 0erdbi O e = —3kCe Capn o e = 2Ctape,t e Cr
1
—= ]
2X€t,Ps,t'

Proposition 8 In presence of nominal price rigidities and under a PCP Regime
a positive (negative) oil price shock increases (decreases) the aggregate consump-
tion in the oil exporting country.

Proof. To prove it, it is sufficient to show that the elasticity of consumption to
the price of oil is in the oil exporting country is positive, that is, given

Bi
i E% - l@—llu* 1 Et*l[#t]
t t - t = =
cet» MO 2 0 E,_1[MC}] Et—l[itt MCt]

3
> > 0, it follows that:

OC; 9e, Peie 1 -3 9, Pese 1 v 1 1
_ 9Yy Ogy Llertg 1 2 _0g; fetgy 1 — 1
XCiPet = Bey 0Po: Cf &1 skoer * aps Cr e 30Xz, P o7 = 2Xet, Py
0. m

Proposition 9 In presence of nominal price rigidities and under a PCP Regime
after a positive (negative) oil price shock employment in the oil importing coun-
try increases (decreases) more than proportionally to the depreciation (appreci-
ation) of the nominal exchange rate.

Proof. To prove it, it is sufficient to show that the elasticity of the oil im-
porting country employment to the price of oil is positive and larger than the
elasticity of the nominal exchange rate to the price of oil. From (C.5a) it fol-
lows that X, p = OLy Oy Per _ 9Ly Per 0y Per e _ 0Ly Per e

tyLe,t

= O, OPe; Li — Oer Li OPe: € Pey — Oer Li PogXesPr —
o PCP HFCP

1 _a My oer — Y Py
2% T—a p, LiXe,Peyr — ($FoP 1) Xey,Poy = Xey,Po o> 88 (PP 1) >1 .
Proposition 10 In presence of nominal price rigidities and under a PCP Regime

the larger the size of a positive oil price shock the bigger the probability that
employment in the oil exporting country will shrink.
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Proof. It is sufficient to show that the elasticity of foreign employment to
the price of oil is positive for oil price shocks of small size but turns neg-
ative for oil shocks of large size. From (C.5b) we can compute Xy« p , =

DL P _ (1 a) 4y p, {%M(%Q)} As [GEa=Crd 1y

C
9P, L7 [C +Cr.t] [Ch +Cr.i]

1 |Cr—Crt 3
follows that {ijm]l - (5 —a)} < Othus xzxp,, < 0 for x., p, >

(175*) - < (1 —«). By proposition 6 x., p , increases in the mag-
s\ 11CF:=Cre sLe,
(3-o)-3 Ch+Crt
nitude of the shocks and so the larger the size of the oil price shock the more

likely that L; will decrease. m

The economic intuition behind Proposition 10 comes from considering that oil
price shocks affect oil exporting country employment through a supply and a
trade channel. From (A17b) and (A13b) we obtain:

l—a _—(1—
Ly =K; (P))™ "% (Cry+CFy), Ki >0,
Supply Effect Trade channel

where K7 is a combination of terms independent of P, ;. The supply channel
of oil price shocks on L} passes through Pel,;“. As the production function is a
Cobb Douglas, the elasticity of substitution of labor for oil is 1, so that after a
positive oil price shock firms replace labor for oil. However, as the price of oil is
exogenously fixed in Home currency, P/, depends also on &, that is the trade
channel contrasts the supply channel. To see let’s compute the elasticity of the
price of oil in foreign currency to P :

Pe,t _ £t
_ 0{ <t } Pey &t Pe*tagPe,t)E _ (1
Pe: P, €7 t

It follows that for sufficiently small positive oil price shocks the supply chan-
nel increases foreign employment, while for large shocks it decreases it. How-
ever, the trade channel affects foreign employment also via a wealth and a
substitution effect on the aggregate demand for foreign intermediate goods
(Ype = Cry + C’})t). By the wealth effect home households feel poorer, con-
sume less and so lower the demand for foreign intermediate goods (Cr.), as
opposed to foreign households who feel richer, consume more and so increase
the demand for foreign intermediate goods (C’}ﬁﬂ,t). By the substitution effect
both Home and Foreign firms in the final good sector switch their demand
for inputs from foreign to home produced intermediate goods. The final effect
of the trade channel on the aggregate demand for foreign intermediate goods
(Yr:) depends on the specific functional forms of preferences and technology.
Within the model, the trade channel shrinks (Yz;) for small shocks, while its
impact on (Yp,) is ambiguous for large shocks. To prove it let’s compute the
elasticity of Y to the price of oil. From (A.1b), (C.2a) and (C.1b) we ob-
1

tain : Cf, = ¢, *K&pCyf, Kop > 0, where K& is a combination of terms
independent of P, ;. It follows that:

Xp>

e,t?

Pet - Xst,PE,t)'
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_1
O K&pCie, ? E [ﬁMc] 2
_ Pet 1 [ 1} <0 K% —9 t—1| %5 t
* — * — 5 - - * > 0
XC% \Pet 9(Pez) Cr, 2Xey,Peyy | Xey,Pey =Y, CF Fy [%]Et,l[Mct*]

1

Similarly, from (A.1a), (C.1a) and (C.2b) we obtain: Cry = ¢, 2 KcrCy, Kor >
0, and Kcr is a combination of terms independent of P, ;. It follows that

1
L Bea [MC B [#5] 1\ °
XCr,4,Pe;y — 2 Xeq,Pey [Xﬁt,Pe,t + 1} <0, Kor=2 B, [%MC’;] >0

Thus, the trade channel always reduces the oil importing country demand for
oil exporting intermediate goods, while it reduces the oil exporting country

demand for oil exporting intermediate goods only sufficiently small shocks (as
6 € . .
%ﬁ‘f’t > 0 and XCy, Pet < 0 for x., p,, > 1). The final effect of oil price

shocks on the aggregate demand for Yz is given by:

_ Cry Cr.t _ 1 CFr.t Cr.t
XYt Pe = CpatCo g XCrtPey ¥ Tty XCp 1o Pere = 2Xet, Py | " Crok Oy Lt Xepp, ) + Cretoy, \Xe
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APPENDIX D - The symmetric equilibrium
with Nominal Price rigidities and LCP Regime

Nominal price rigidities are introduced in the intermediate sector as firms
set the prices one period ahead. Under the local currency pricing (LCP) firms
in the intermediate goods sector fix the price in the export market in the export
market currency, and set the price to solve the following profit maximization
problems:

Home Price setting

—0 —0
% (h * et P (h %
poMaz.  Bro1Qe {(Pt(h) — MCy(h)) (S2) ™ Crra + (eoP7 () = MCy(h)) (25:) ¢,

foreign price setting

AMw4&1Qtu{(%ﬁ—ﬂﬂﬂﬁﬁ(?ﬁi)00“*%RNE—AHME)G%?)HC¥%

HULL ()

Replacing (A.4a, A.1la, A.15a and A.15b) in the first order conditions of the
Home profit maximization problem and replacing (A.4b, A.9b, A.15a and A.15b)
in the of the Foreign profit maximization problem we obtain:

Py(h) = Py = g5 Ei1 [MCy] (D.1a) P (h) =P}, = % (D.1b)
Pi(f)=Pp, = 55E1 [MC;]  (D2a)  P(f) = Pri= 55

The equilibrium nominal exchange rate is found by replacing (D.1a) and (D.1b)
n (A.19):

€ = —LgoLCP(Pe,t) (D.3)

PP (Pug) = (1 2501 -0) (—M[M] E 904‘—)) -1

To find the equilibrium value of consumption in the home oil importing country
we apply (A la), (A.2a), (A.3a), (Ada), (A.15a) and (D.1a), (D.1b) to Cy =
CH t 3 CF t 3

Cr = 5% 1 <E ey tl [Lf;‘;c]*ﬁ . (D4a)

Similarly, to get the equilibrium value of consumption in the oil exporting coun-
try we apply (A.10), (A.2b), (A.3b), (A.4b), (A.15a) and (D.2a), (D.2b) to Cf =

(Ci)* (Cry)®

40



1
2
«_ 160-1 x P 1
Ci =277 m (Et L (Lme) Etl[MCZ‘]> - (DAb)

Equilibrium employment in the oil importing country is obtained by replacing
(D.3) in (A.19) :

— a 0 1 1 FLP
Ly = MCt (Etl[MCt] + @ m) . (D.Sa)

Employment in the oil exporting country is obtained from applying (A.4a), (A.4b), (A.13b),
(A.150), (D.2a), (D.2b) to (A.17b),:

* _ o 0—1 Ky
Lt T 2k 0 Et_l I:Etp,z:| Ei_ 1[ tMc*] + Etfl[MC:]

MC’*iL *
MO ] (D.5b)

To get Ey, the quantity of oil used in equilibrium in the oil importing country,
replace (C.5a) in (A.13a), and similarly to get E; replace (D.5b) in (A.13b):

_ Bpy 1—a -1 1 FLP pf 1
Ei=p7 7 5 MG (EH{MCA T Etl(ﬁMct)> (D.6a)
MGy L X
% _ l—o kp 0—1 MC
B - gt [ [ R | 0wy

The equilibrium price level of each country is found replacing the equilib-
rium consumption level, (D.4a) for C; and (D.4b) for Cf, in the correspond-
ing monetary policy stance equation, (A.15a) for the oil importing country
and (A.15b) for the oil exporting country:

_ 1 (B 1[ﬂtMcj]
Pt 0—1 (Et—l [MC’t]) —t—Et I{Tt_] (D?a)

P = gy (Et . (%MC}) Ei1 [MC’;‘]) (D.7b)

[SIE

Finally, with nominal rigidities and under LCP prices the AS of the oil importing
country is obtained by applying (D.1a), (D.1b),(D.2a), (D.2b), (D.4a)and (D.4b)to(A.20a) :

LCP . _ ~LCP LCP _ Kpy 1 LCP LCP~LCP]—1
AS .Ct—Tt Lt Tt = « MC, [TP +TC TP* ]
Supply Channel Trade Channel
1
By | £t Mmof 2
[

E,_ 1{ ]Et 1[MCy]

YLor ( 2N 1[ﬂ1\lc*] >%,

By [—LMC‘t]
'I‘LCP FLP

410 E 1
:U't t— I[MC ] pi * 2
Bt et [ 27 YLCP Bia MO 1B (§Ee)

P* — E3
Et,l(%ttMct)
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Computing the effect of oil price shocks to the oil
importing and oil exporting economy

Proposition 11 In presence of nominal price rigidities and under a LCP Regime
a positive (negative) oil price shock depreciates (appreciates) the currency of the
oil importing country.

Proof. To prove it, it is sufficient to show that the elasticity of the nominal

exchange rate to the price of oil is greater than zero. From D.3,
MC

m(ﬁ‘ﬁ@at) MC, Et—l[MC]Et—l[ﬁ]

Xey,Peyy — (1 - Ol) ( MC

<(1l—-a), g, = Lt
SRl PE ) (ﬁ'ﬂﬂat)) ( : B B
0. m

Hi
o [MC “t]

Proposition 12 In presence of nominal price rigidities and under a LCP Regime
in both the oil importing and oil exporting country oil price shocks affect neither
the consumption nor the price level

Proof. To prove it, let’s compute the elasticity of C; and C} to the price of oil.
From (D.4a) and (D.4b), x¢, p,, = Xcr,p., = 0. By proposition 3 it follows
that XPt7PeA,t = 7XCt7PeA,t = 0 and XPt*ypﬂ,t = 7XC:7PE,t = 0 n

Proposition 13 In presence of nominal price rigidities and under a LCP Regime
a positive (negative) oil price shock increases (decreases) employment in the oil
mmporting country.

Proof. To prove it, let’s compute the elasticity of L; to the price of oil. From

Pet Pe.t
(D.5a). xXp,.p., = D%'i,tff =(1-a P—LELt—L;— =(1l-a). =

Proposition 14 In presence of nominal price rigidities and under a LCP Regime
after a positive (negative) oil price shock employment in the oil exporting country
increases (decreases), but by less than the increase in the oil importing country.

Proof. To prove it, let’s compute the elasticity of L; to the price of oil. From
oL: P., _ L: Py Py _
(D.5b)- X1t P = ops T8 = s 1 - @) (1 - s_tO_PfL) T =0-q (1 - Xst,PE,t) <

(1 - Oé) = XLt,PsA,t' u

42



