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Abstract

In this paper we use a stylised three-country model to analyse how the transmission of US shocks to
Europe might be affected by Asia’s choice of exchange rate regime. We find that if Asia decides to peg
her exchange rate to the dollar, the impact of US shocks on European output and inflation is likely to be
bigger than it otherwise would have been. This happens because, without nominal exchange rate
flexibility, Asian firms react to the shocks originating in the United States by implementing significant
price adjustments, which in turn affect Europe’s relative competitive position. On the theoretical side,
our results contribute to the literature by suggesting that the shock insulation property of floating
exchange rates extends beyond the two countries that have currencies that are free to move. The
transmission of shocks between two countries can also be dampened by the choice of floating exchange
rates in a third country. On the practical side, we can extend our results to China, the largest Asian
economy. If China did eventually decide to float her currency, Europe’s exposure to US shocks would
decrease. But, our results also suggest that the overall fall in volatility of Europe’s inflation and output,
following China’s floating, might be modest in size.

Key words: International transmission, exchange rate regimes, Asia, China, Europe.

JEL classification: E30, E42, F41, F42.



Summary

The extent to which Asia’s choice of exchange rate regime affects Europe’s exposure to US shocks is a
pertinent issue to examine at present for two reasons. First, a number of commentators have suggested
that the United States’ large current account deficit is unsustainable and will likely decrease (perhaps
caused by shocks in the United States). Second, the authorities in China, the largest Asian economy,
have made a number of suggestions over the past year that they might allow greater flexibility in the

exchange rate movements of the renminbi.

We use a three-country model, calibrated for the United States, Europe, and Asia, to analyse the effects
on Europe of US shocks, and compare two cases:
(1) when the currency of the Asian bloc is pegged to the US dollar; and

(2) when the Asian currency freely floats against both the US and European currencies.

The following example explains why shocks in the United States can affect demand for European
output. First, any shock that raises US consumption, increases US demand for worldwide, and thus
Europe’s output. Aggregate demand for Europe’s output is further affected by the consequent reaction
of consumption in Europe and consumption in Asia. Second, demand for Europe’s output depends not
only on world consumption, but also on the allocation of consumption across countries, because
households are biased towards consuming domestic products. Hence, a unit increase in consumption in
Asia has a different effect on demand for Europe’s output than a unit increase in consumption in
Europe. Third, the allocation of consumption over time (usually known as consumption smoothing) also
affects the demand for Europe’s output over time. The strength of these effects will depend, in part, on

the choice of the exchange rate regime.

Our results show that Asia’s choice of the exchange rate regime has a significant effect on Europe’s
exposure to US shocks in the case of a productivity shock in the US non-traded goods sector. In case of
a demand shock or a productivity shock in the US traded goods sector, the impact of Asia’s choice of

exchange rate regime on Europe’s exposure to US shocks is more modest.

When nominal exchange rates cannot be used as a buffer for shocks, Asian firms react to shocks
originating in the United States by implementing large price adjustments (since prices now have to do
all the work) and this, in turn, strongly affects Europe’s relative competitive position. This adjustment is
relatively more pronounced after a shock occurring in the US non-traded goods sector. Our model
shows that the adjustment of Asian prices dominates the other effects induced by the pegging of the
Asian currency. Overall, the fixed exchange rate in Asia increases the exposure of output and inflation

in Europe to shocks originating in the United States albeit modestly. We can extend this result to China,
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the largest Asian economy. If China eventually decided to float her currency, Europe’s exposure to US

shocks would decrease modestly.

Our results also indicate that, for a reasonable calibration, the overall volatility of Europe’s output and
inflation depends mainly on domestic, and not foreign, shocks. Therefore, even these significant
changes in Europe’s exposure to US shocks, following China’s floating, might not have large effects on

the overall volatility of Europe’s inflation and output.



1 Introduction

The international economic environment has been dramatically transformed in recent years by
increasing global financial integration and by the rapid growth of several Asian economies. Both events
profoundly affect macroeconomic interdependence. For example, as China, the largest Asian economy,
considers whether to continue having a fixed exchange rate against the dollar or to allow the renminbi
to float, many commentators have asked what the consequences of this decision will be for the other
countries in the world economy. In other words, both economic commentators and policymakers
recognise that the configuration of the international monetary system (which is determined by exchange

rate arrangements) affects the international transmission of shocks.

At a broad level of simplification, one could characterise the international monetary system as
consisting of three large blocs: the euro, the US dollar, and a bloc of Asian currencies that have been
fixed (to varying degrees) against the dollar.' Given the size of the Asian bloc, the choice of exchange
rate regime in Asia may affect the transmission of shocks between the United States and the euro bloc.
This is because any US shock triggers an immediate reaction from the Asian central banks if the latter
are pegging their currencies,” whereas if their exchange rates are floating then Asian central banks do

not necessarily need to take action.

The purpose of this paper is to analyse how Europe’s output and inflation respond to shocks originating
in the United States, and compare two cases: (1) when Asia pegs her currency to the dollar, and (2)
when the Asian currency freely floats. We choose to investigate the transmission of US shocks to
Europe because the empirical literature has found that Europe is more affected by US shocks than vice
versa (Artis et al (2004)). To conduct our analysis we use a three-country model that parallels the
centre-periphery model of Corsetti, Pesenti, Roubini and Tille (2000), which we extend by adding a
non-traded goods sector in each country, by introducing more complex dynamics, and by adding

exogenous supply and demand shocks.

At least since Friedman’s (1953) pioneering contribution,’ there has been a vigorous debate on the
impact of exchange rate regimes on the international transmission of shocks. We aim to contribute to
this debate from an entirely different perspective. Rather than analysing how the choice of exchange
rate regime in one country affects its exposure to foreign shocks, we analyse how the transmission of

shocks between two countries is affected by the choice of the exchange rate regime in a third country.

! Mervyn King, ‘The International Monetary System’, remarks at ‘Advancing Enterprise 2005’ conference, London.
Available at www.bankofengland.co.uk/publications/speeches/2005/speech237.pdf.

* In order to defend a peg to the dollar, Asian central banks have to move their interest rates in line with prevailing interest
rates in the United States.

? Friedman was the first to argue that flexible exchange rates insulate a country from foreign shocks.
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To our knowledge, there are no other papers that analyse this issue directly, although some studies have,
in a more indirect manner, looked into it. For example, using a three-country model, Obstfeld and
Rogoft (2005) show that, in the event of an unspecified shock that balances the US current account, the
euro-area effective (trade-weighted) real exchange rate would appreciate more if Asia kept her
exchange rate pegged to the dollar, than if Asia decided to float. Our aim is to expand their analysis in a
number of ways: (1) by using a dynamic setting, (2) by specifying the nature of the shocks, and (3) by

looking at the effects of the regime choice on other variables.

The three-country model in this paper has imperfectly substitutable consumption goods, a traded and a
non-traded goods sector in each country, nominal rigidities, and a monetary policy authority. We
consider only supply (productivity) and demand (consumption preference) shocks originating in the
United States. Using both impulse responses and variance decompositions, we examine the transmission
of these shocks to Europe under two scenarios: when Asia pegs her currency to the dollar, and when the

Asian currency freely floats.

Our main result is as follows. If Asia keeps her exchange rate pegged to the dollar, both output and
inflation in Europe respond more to US shocks. This happens because, in the absence of nominal
exchange rate adjustments, Asian firms react to the US shocks by implementing large price changes that
strongly affect Europe’s relative competitive position. Importantly, the impulse responses show that the
adjustment of Asian prices is especially pronounced after a shock occurring in the US non-traded goods

sector. This particular finding is very robust to changes in various parameter values.

Asia’s adoption of a fixed peg vis-a-vis the dollar has two other important effects. First, if the Asian
currency is pegged to the dollar, the nominal interest rate in Asia must move in line with the US
nominal interest rate. Second, US shocks do not only affect the euro-dollar bilateral exchange rate, but
they also affect the exchange rate of the euro vis-a-vis the Asian currency. Both effects influence the
responses of Europe’s output to US shocks. Nevertheless, our general equilibrium model shows that the
above-mentioned larger adjustment in Asian prices, induced by the peg in Asia, dominates the other
effects.

The rest of the paper is organised in the following way. Section 2 presents the model, while Section 3
discusses the calibration of the parameter values. Section 4 analyses the transmission of each US shock
to Europe, and Section 5 examines the impact of Asia’s choice of exchange rate regime on Europe’s
exposure to US shocks. Section 6 conducts some sensitivity or robustness checks. Finally, Section 7

concludes.



2 The model

To conduct our analysis we use a dynamic stochastic general equilibrium model with nominal rigidities.
It consists of three countries or regions, namely Europe (E), the United States (U) and Asia (4). We
assume that Europe has size 7:7p, the United States has size yp - y:7p, and Asia has size 1 - 7p.* The
agents in the economy are households, firms, and governments. Households in each country consume a
variety of differentiated goods, each produced by a single monopolistic firm. Each firm produces only
one good, which can be either traded or non-traded. In each country, a continuum of traded and a
continuum of non-traded varieties are produced. The size’ of the traded and the non-traded goods

sectors in each country is constant.

Goods are imperfect substitutes in consumption. Households in each country first allocate their
expenditure between traded and non-traded goods, and then they allocate their expenditure between
traded goods of different countries. Finally, households allocate their expenditure among all the traded

and the non-traded individual goods varieties.

Nominal rigidities are modelled by assuming that firms pay a non-linear adjustment cost whenever they
change their prices, as in Ireland (2001); moreover, prices are sticky in the producer’s currency.’ We

consider only supply (productivity) and demand shocks.”

2.1 Households

Households derive utility from an index of consumption goods (C), real money balances (M/P) and
leisure (1 - H). The representative household in country j (j = E, U or A) has the following lifetime

utility function:

Y-t N -é
R B (o) N £ (-#/)
VisE 2P e e B T 1, @

where fis the discount factor and @’ is a country-specific exogenous stochastic process that affects

consumption preferences. We interpret a shock to this process as a ‘demand’ shock. It is modelled in the

* The countries are named only for expositional purposes. Further details are available in the calibration section.

> The size of a sector is the measure of goods produced, or firms operating, in that sector.

% Thus, we do not consider the case of local currency pricing. The price of any country’s traded good is identical in all
countries (the law of one price holds), but the non-traded goods sector and the home bias in preferences imply that
purchasing power parity does not hold.

7 Restricting the number of shocks certainly facilitates the analysis, but on the other hand it may go at the expense of realism.
For this reason we decide to keep a limited but sufficiently ‘representative’ menu of shocks, by assuming that uncertainty
can either originate from the supply or the demand side of the economy.
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same way as in Neiss and Nelson (2003).® The parameters o, &y &y s x and @ are positive and

assumed to be equal in all countries. We also assume that labour can freely move across sectors, and
households can contemporaneously supply their labour to the traded and non-traded goods sectors.
Total hours worked H are given by the sum of hours worked in both the traded (7) and non-traded (N)
goods sectors:

H! =H;,+Hj, 2

where [/ = J' H! (Z; )dz;' and H/ = I H], (Z/{/)dzzj& are aggregates across firms in each sector.’
S/

NG

Households can smooth their consumption by buying or selling the domestic and the foreign non
state-contingent nominal bonds. They can also hold money (M), but cannot invest in physical capital.
We also introduce a small quadratic cost of holding bonds,'® which ensures stationarity of the model

and a well-defined steady state.'' The budget constraint of the representative household in country j at

date 7 is:

Bl &/ n Bl &/ ’ B/ &/ n B! ¢/ ’ B/ n B’ .2 M/ T
e e Iy T e e e e S S
I T I T D D T 1 Iz P

(3)

B, & B} ., & I M o . ‘
= (1408, )R By (1Y )Pl B (1 i )= ) T W 4+ TTS, + 1T, + R)
J SE t j gU t P P/ t 't t Jt t

t t t t t t

where B/, B/ and B/ denote the holdings of country E, U and 4’s nominal bonds (all denominated in

Y and i” respectively. Bonds are in zero net

the issuer’s currency), which pay a rate of interest i”, i
supply worldwide. The parameter 77 governs the size of the cost of holding bonds. The variable P’ is

the aggregate price level in country j, and &’ is the price of country j’s currency in terms of country 4’s

currency (therefore £ =1). Lump-sum government transfers are denoted with 7/, w/ is the hourly

¥ Neiss and Nelson have demonstrated that this disturbance to consumption preferences is the equivalent of a ‘real demand’
or ‘IS’ shock. When a negative demand shock occurs, the attractiveness of consumption with respect to leisure decreases.

? The set of firms operating in the traded (non-traded) goods sector in country j is denoted with S; (S ). The variables Z;

and z]{, are indices for firms.

1% Our model allows for a non-zero exogenous steady-state holding of bonds. Therefore, this is a cost of holding a volume of
bonds different to the steady-state volume. But, as the bond portfolio choice is exogenous, in order to keep the model
parsimonious, we assume that bond holdings are zero in the steady state.

" This point has been demonstrated by Schmitt-Grohe and Uribe (2003).
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wage rate (equal in both sectors), IT; and I1/, denote real profits from the ownership of firms in the two

sectors, and R’ are lump-sum rebates. '>

Consumers in each country have preferences over domestic and foreign traded goods, and also
non-traded goods. Preferences over goods are described by CES aggregators. The consumption index
C’ in each country j is given by:

e

1 o

c/=|a*(c], )7 +0-a)ilc),)n %)

where C/and €] are consumption subindices that represent, respectively, the total consumption of

traded and non-traded goods, and « is the weight of traded in total goods. Households in each country
first allocate their expenditure on traded goods between country 4’s goods and the bundle formed by £
and U goods, which together make up the periphery (P)," then between E and U traded goods:

p-1 1

CTi,z z{(7/P)1(CPTz)p + hA p( ATt) }pl forj=E,U: h" =1 Q)

v

(cér,)w}w1 (6)

for j=U,A: h* =1. Forj=E, A: h" =1

1 - 1

Czj;,r,tz{[ hE"/(ij“Tt)W +[l 7/E)h ]

The elasticities of substitution ¢ (between 7 and N goods), p (between A and P traded goods), and i
(between E and U traded goods), and the weights a, yp and yj are the same for all countries. The

E 4 - o .14
parameters 4°, h" and 1" are free and allow us to introduce home bias in consumption.

2 Households pay the cost of holding bonds to financial intermediaries located in their own country, and firms pay the cost
of adjusting their prices to the issuers of new ‘menus’. We assume that financial intermediaries and the issuers of menus are
located in each one of the three countries and are owned by households, therefore, we add to the budget constraint an
all-inclusive lump-sum rebate or rent R”.

" Therefore, the degree of substitutability between European and US goods, y, can be different from the degree of
substitutability between Asia’s goods and the bundle formed by European and US goods, p.

' The assumption that the traded goods produced by Europe and the United States form a distinct consumption bundle,
separate from Asian goods, is made in order to check whether our results can be altered by a higher elasticity of substitution
in consumption between European and US goods, which could be justified by the similarity of the industrial structure (‘new’
goods in both Europe and the US, ‘mature’ goods in Asia).
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The consumption subindices for the individual varieties are given by similar CES aggregators, with the
same elasticity of substitution @ for the traded and non-traded goods sectors in all countries. A higher 6
implies higher substitutability among individual varieties. Therefore 6 is inversely related to the degree

of monopolistic competition in the goods market.

Let P/, P}, P!, P/,, P/,, Pj, and P/, denote the price indices that match up the consumption

aggregators illustrated above. The price indices are defined as the minimal expenditures needed to buy
one unit of corresponding consumption bundles — they are obtained in the standard way from the

household’s preferences.

2.2  Firms

Each firm is a monopolistic supplier of a single differentiated product, which is produced using labour
as the only input. The firms’ production function is affected by an exogenous stochastic process,
common to all firms in the same sector and country. Since we abstract from physical capital, and regard

it as fixed in the short run, we assume that the marginal productivity of labour is decreasing."

The production functions of the individual firms z; and z/ operating in the traded and non-traded

goods sector in country j at date ¢ are given by:

7 (e0)=at [, (1) ™
)= a0 [mL ] ®)

where 7,/ (z;) and v/, (zl(]) denote the output produced by the individual firms, and 47, and 4}, are

sector-specific exogenous processes that affect the productivity of labour. We interpret the shocks to

these processes as ‘supply’ (or productivity) shocks. The parameter { measures the elasticity of output

with respect to labour, and we assume it to be equal across sectors and across countries. Since labour

can perfectly move between sectors, traded and non-traded sector firms pay the same hourly real wage
rate /.

'3 As observed by Prescott (1986): ‘the capital stock varies little cyclically and is nearly uncorrelated with output’. A
common assumption in the new open economy literature is constant marginal labour productivity and constant returns to
scale, but the assumption of imperfect competition also makes it possible to allow for decreasing marginal labour
productivity.
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Prices adjust sluggishly to changes in demand. In particular, we assume that firms have to pay a non-
linear adjustment cost whenever they want to change their prices. For example, a firm 2z, operating in
Europe’s traded goods sector, will choose the price of her own differentiated good by maximising the

present value of expected profits:

S @iilCli) B
6 5 AL o, ), e 0

for every ¢ €[0,00). The variable SR} (zf ) denotes the sales revenues net of the adjustment cost, and

v (zf) the demand for the good produced by firm z; :

SRE (ef )= =T (e )P (e ) o7 (10)

E
fri(zf)z 1 PET;( ) [757chrt (7 7E7P)CETz (1_7P)Cg,r,t] (11)
aygYp Py,

Price-adjustment costs incurred by firm z; are a function of the change in her own price level:'®

Fﬁ&ﬂ=ﬁ[ Filer) —q (12)

2\7" P EETt 1 Zf

where 7 >1 denotes the gross steady-state rate of inflation in country E. Firms maximise the expected
discounted profits subject to their production function and the demand for their own differentiated good.
Non-traded goods sector firms and firms located in country U and 4 solve a similar maximisation

problem.

2.3 Government

In all countries, the government represents both the fiscal and monetary authority. Seigniorage revenues
are redistributed to the households in the form of net transfers, and in each country j the government

runs a balanced budget in every period:

sz _sz_l = th (13)

' Our specification of the adjustment cost function is close to Ireland (2001), except for the absence of a component that

depends on the change in the firm’s inflation rate. We have chosen to neglect that component because Ireland’s estimates
indicate that the data prefer the specification in which adjustment costs apply only to changes in the price level, but not to
changes in the inflation rate.
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We assume that monetary policy follows an interest rate feedback rule, specified in terms of current
economic conditions, and that the central bank targets only the inflation rate. Thus, in each country j the

nominal interest rate is set according to the following equation:'’

1-p;

(1+i)=(+i,) (1+Ej [f—j)p (14)

T

where p, and p_ are positive parameters, i’ is the steady-state nominal interest rate, and z] is country

J’s gross inflation rate at date . We abstract from the specification of an optimal rule, and set the
inflation target equal to its steady-state gross rate 7’. When Asia pegs her currency to the dollar, her

monetary policy rule is simply replaced by the requirement to maintain the peg.

2.4 The uncovered interest rate parity condition

The uncovered interest parity (UIP) condition holds in the model. As in Benigno (2001), it is modified
to take into account the cost of holding bonds. The UIP can be easily derived from the first-order
approximated solution; for example, a simple manipulation of the linearised Euler equations for

consumption in country j leads to the following relationship between US and Asian interest rates:'®

B’ ¢/ B’ )
E é‘il—é‘wn( L gf}ﬁ(i‘f—if‘) (15)
t t t RJ gtU Ptj t t t

A similar UIP condition holds between European and Asian interest rates, and between European and
US rates. When Asia pegs her currency to the dollar, her interest rate will have to adjust to the US

interest rate.

3 Calibration and solution

3.1 Calibration of the model

We conduct our analysis using a calibrated version of the model, choosing the structural parameters
from the literature, with the aim of approximating the salient features of the US, European and Asian

economies. Our main reference for the calibrated parameter values is Obstfeld and Rogoft’s

'7 We have chosen this functional form so as to reproduce a standard linear feedback rule (with smooth interest rate
adjustment) in both a linear and a log-linear approximated solution of the model.
'8 A “hat’ denotes a percentage deviation relative to the steady state.
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three-country model (2005), but we also conduct a sensitivity analysis in Section 6. The calibrated

parameter values are generally symmetric across countries, and reported in Table 1.

Table 1: Parameter values

Preferences p=099, & =5, &, =2.33,p=12.74

Relative sizes ve=1/2,yp=2/3

Consumption indices a=036,u=1,h"=467h"=4.67,h"=467,p=2,y=2,0=788
Production (=038

Adjustment costs ¢ =77,n=0.0025

Interest rate rule p =081, p, =1.52

Exogenous Processes:

AR coefficients pr =081, p, =081, p =033
Std deviations: Europe | of =0.015, oy =0.015, o =0.03
Std deviations: US oy =0.01, oy =0.01, o) =0.02

Because of the uncertainty about the properties of the shocks and the values for the parameters that
appropriately characterise Europe, the United States and Asia, we prefer to make only minimal
restrictions. In Section 6 we check whether our main results are robust to changes in parameter values.
In this way, although our research is largely motivated by China’s present dilemma over fixed or
flexible exchange rates, we are also able to assess whether a third country’s choice of exchange rate

regime can affect the transmission of shocks between any two other countries in general terms.

The discount factor f is set so as to yield an annual real interest rate of 4% in the steady state, and the
risk aversion parameter ¢ . is taken from Chari, Kehoe and McGrattan (2002). The parameter ¢ is
calibrated so that in the steady state the fraction of time that households in all countries or regions spend
working is 0.31. Then, given this choice of average hours worked in the steady state, the parameter &,
is calibrated so that in the steady state the Frisch elasticity of labour supply is equal to 1, the value
suggested by Gali, Gertler and Lopez-Salido (2005). The interest rate feedback rule makes the money
demand equation redundant (money demand adjusts automatically to money supply), therefore the

parameters y and &,, need not be calibrated.

The parameters yz and yp govern the ‘size’ of the three regions in the model, with yzyp denoting the

size of Europe and yp denoting the combined size of Europe and the United States. In particular, both yg

14



and yp simultaneously accomplish several roles within the model, since they give the measure of
households, firms and product varieties in each region, in addition to being the weights of the
consumption indices for traded goods. Therefore, yz and yp could be calibrated using population data,
GDP data, or trade data, leading to very different calibrations."” Because of this ambiguity we decide to
take a ‘neutral’ or intermediate stance, and we assume that all regions have the same size, and that all
other major parameters are symmetric across all countries, but we conduct sensitivity analysis with
respect to yg in Section 6. This approach has an additional benefit — keeping the major parameters the
same across all countries allows clearer understanding of the transmission mechanism, because,
following the US shock, the only difference between Europe’s and Asia’s reaction is due to their

different choice of the exchange rate regime.

The critical parameters in the model are u, the elasticity of substitution in consumption between traded
and non-traded goods, v, the elasticity of substitution between European and US traded goods, and p,
the elasticity of substitution between Asian goods and the bundle formed by European and US traded
goods. The values for these elasticities are all taken from Obstfeld and Rogoff (2005).2° The home bias
parameters 4, h¥ and h* are chosen so as to get close to the values suggested by Obstfeld and Rogoff, *!
given our choice of country weights yz and yp. The share of traded goods « is based upon the estimates
of Spange and Zabczyk (2006), and the parameter @ is taken from Rotemberg and Woodford (1998).
However, since the elasticities of substitution, the degree of home bias, and the share of traded goods in
total consumption are crucial for the transmission of shocks across countries, we conduct extensive

sensitivity analysis with respect to these parameters in Section 6.

The elasticity of output with respect to hours ( is calibrated so that, given the mark-up,* in the steady
state the share of wages in the value of output is equal to 0.7, a value that is taken from Rotemberg and

Woodford (1999). Our choice of the price-adjustment cost parameter ¢ is based upon the estimates of

Ireland (2001), while 7, the parameter that governs the size of the bond-adjustment costs, is taken from
Ghironi and Melitz (2005).

' For example, in terms of population China is approximately four times as large as either Europe or the United States, but
only 0.14 times as large in terms of GDP.

*% Since the possibility of modelling the substitutability between European and US goods separately from the substitutability
of Asian goods is missing in Obstfeld and Rogoff’s three-country model, we set w equal to p in our benchmark.

21 Obstfeld and Rogoff (2005) assume that US, European and Asian households attach a weight of 0.7 to their own domestic
products. Moreover, Europe and the United States place a weight of 0.1 on each other’s traded goods and a weight of 0.2 on
Asian goods. On the other hand, Asia places a weight of 0.15 on both Europe and US’ traded goods.

22 Our choice of @ implies a steady-state mark-up of prices over marginal costs of approximately 14%.
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The coefficients of the interest rate feedback rule, p/ and p/ , are set in accordance with the IMF

calculations.”® We too assume that these coefficients are the same across countries or regions, and in

Section 6 we conduct some sensitivity checks.

We decide to adopt an ‘agnostic’ approach, and assume that the exogenous processes that affect demand
and productivity are the same across countries. They are all assumed to follow stationary AR(1)
processes with zero mean, and the shocks to these processes are uncorrelated. Our research question is
restricted to be the analysis of how the transmission of US shocks to Europe is affected by the choice of
the exchange rate regime in Asia. Therefore, for the sake of clarity, we decide to abstract from all

shocks originating in Asia.

The autoregressive parameters are taken from Benigno and Thoenissen (2003), and Neiss and Nelson
(2003). We normalise the standard deviations of the two productivity shocks as being half the standard
deviation of the demand shock, so as to avoid giving more importance to either demand or supply
shocks. Finally, we choose the standard deviations of the two demand shocks so as to approximate the

standard deviation of output in Europe and the United States.

3.2 Solution of the model

Since the model cannot be solved in closed form, we obtain our results by means of a numerical
approximated solution. In particular, we find the steady state of the non-linear model using
Mathematica,”* and then we use DYNARE to compute the first-order approximate solution of the

. . . .. 25
model, the impulse response functions, the second-order moments and the variance decompositions.

4 The transmission of US shocks to Europe

In this section we explain how sector-specific productivity shocks and demand shocks originating in the
United States are transmitted to Europe’s output and inflation, and how the transmission is affected by
Asia’s choice of exchange rate regime. For each shock we first describe the international transmission
mechanism when all three currencies freely float against each other, a situation that we call the floating

scenario. Then we examine how the international transmission mechanism changes when we allow Asia

> See ‘Globalization and external imbalances’, Chapter 3, World Economic Outlook, April 2005.
24 © 2006 Wolfram Research, Inc.
* Details on solving non-linear models using DYNARE can be found, for example, in Juillard (2001).
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to peg her currency to the dollar, a situation that we call the hybrid scenario, because different exchange

. . 26
rate regimes coexist.

The impulse responses for the main macroeconomic variables described in the previous sections are
presented in the appendices. We also present the responses of the three bilateral real exchange rates and
the three bilateral terms of trade, which are defined as follows:
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For example, a rise in RER;/, is an increase in the price of Europe’s consumption basket relative to the

US consumption basket, therefore we say that Europe’s real exchange rate appreciates and the US real

exchange rate depreciates. A rise in 707, is an increase in the price of Europe’s traded goods relative

to US traded goods, therefore we say that Europe’s terms of trade improves and the US terms of trade

deteriorates.

Since ours is a general equilibrium model, all the variables are interrelated and the channels that allow
the shocks to have an effect on the world economy can be numerous. However, as far as the
transmission across countries is concerned, our analysis is greatly facilitated by the recognition that in

our model there are only two sources of international linkages, namely trade and the asset market.

The international transmission through trade can be summarised as follows. International trade flows
are affected by all bilateral terms of trade, which measure the competitiveness of a country’s traded
output vis-a-vis another country’s. In addition to having other effects on the domestic economy, a shock
originating in one country will change her two bilateral terms of trade, either through a change in the
price of that country’s traded output, or through a change in the value of the currency (nominal
exchange rate). As a result, the other countries’ competitiveness will also be affected by the shock.
Adjustment towards equilibrium in the goods market will require a change in all countries’ traded

output.

The international transmission through the asset market can be summarised as follows. A shock
originating in one country will affect her desired intertemporal allocation of consumption, and therefore

her demand or supply of the internationally traded bonds. For example, a country that wants to increase

% One could think of a third scenario where Asia pegs to a basket of currencies that include both dollar and euro with equal
weights — the ‘basket’ scenario. This scenario is simply an average of the two examined scenarios.
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future consumption will start lending and thereby have a higher demand for bonds. Since bonds are in
zero net supply worldwide, the adjustment towards equilibrium in the asset market will require changes
in the cost of borrowing and bond holdings in the other two countries, which in turn will affect their
intertemporal allocation of consumption. We recover this mechanism by examining the changes in the

real interest rates, which we define as follows:?’

:J J
v =E LP_ _ (18)
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The above definition of the real interest rate is useful because consumption growth in country j is

positive (negative) whenever 7/ is positive (negative).”® Thus, changes in r/ capture the international

transmission of the shock through the asset market.

The following example explains why shocks in the United States affect aggregate demand for Europe’s
output. First, any shock that raises US consumption, increases US demand for worldwide, and thus
Europe’s output — aggregate world demand effect. The aggregate demand for Europe’s output is further
affected by the consequent reaction of consumption in Europe and consumption in Asia. Second,
aggregate demand for Europe’s output depends not only on aggregate world consumption, but also on
allocation of consumption across countries, because households are biased towards consuming domestic
products. Hence, a unit increase in consumption in Asia has a different effect on demand for Europe’s
output than a unit increase in consumption in Europe. Third, the allocation of consumption over time
(consumption smoothing) also affects the demand for Europe’s output by changing its pattern over time,
and thus by changing the volatility of demand. The strength of many of these effects depends on the

choice of the exchange rate regime.

Throughout the analysis, we describe the transmission of each shock originating in the United States by
means of a simple step-by-step approach. First, we describe its direct effects on the US economy. Then,
we examine its consequences for terms of trade and for the asset market, and from those consequences
we explain why we get the observed responses of output and inflation in Europe. The main interest of
this analysis lies in the interpretation of the results presented in Section 5: without an understanding of

the transmission mechanism, we would not be able to explain and determine the limits of our findings.

*" Thus for each country we construct a unique measure of the real interest rate, obtained from the nominal rate on the
domestically issued bond. Since all bonds are perfect substitutes, in equilibrium there are no arbitrage opportunities.
** The only situation when this rule does not hold is when country ; is hit by a demand shock.
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4.1  Positive productivity shock in the US traded goods sector
Floating scenario™

The positive productivity shock in the US traded goods sector directly affects the US economy. To
begin with, all the firms operating in the traded sector enjoy higher productivity of labour, and therefore
lower real marginal costs. Under monopolistic competition, prices increase when current and expected
future marginal costs increase. Therefore, the positive productivity shock, which reduces marginal
costs, causes a fall in the US tradable price index, which is also accompanied by an increase in traded
output. Because of the increase in traded output, the US aggregate income or GDP increases. Lower
prices and higher income stimulate households’ demand, therefore consumption increases in the United
States.

Second, US firms in the traded sector react to the increase in productivity by shrinking their workforce.
The resulting fall in labour demand causes a fall in the common wage rate, therefore marginal costs fall
also for the firms operating in the non-traded sector. As a result, prices fall also in the non-traded sector.
Since prices of both non-traded and traded goods decrease, US CPI inflation falls. The US monetary
authority reacts by cutting the nominal interest rate, thus US consumption demand receives a further

boost from monetary policy.

Moreover, the shock is transmitted to the other countries through trade and the asset market. The higher
US consumption will push up demand for all goods, and thus increase international trade. But, the fall
in the price of US traded goods pushes down its CPI inflation, thus prompting the US central bank to
lower the interest rate. This induces an expected and actual appreciation of the dollar in all periods after
the shock, as predicted by the UIP condition. However, the dollar’s appreciation does not erode the US
competitive gain induced by falling US traded goods prices, so both bilateral terms of trade for US

goods deteriorate. As a result, world demand now switches towards the cheaper US traded goods.

The asset market is also affected by the traded productivity shock. In order to spread the benefit (in
terms of higher consumption) of the shock into the future, US households lend money abroad and the
US current account becomes positive. Real interest rates fall in the other two countries.*® Low real
interest rates induce the foreign households to fund their current consumption by borrowing from the

United States. As a result, consumption in both Europe and Asia increases.

** Impulse responses are presented in Appendix A.
30 There are, however, very short-lived initial increases in Europe and Asia’s real interest rates, because of falling inflation
rates.
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The response of European output depends on the relative strength of several factors.’' On the one hand,
the worldwide increase in consumption and the depreciation of the euro stimulates production. On the
other hand, world demand switches towards the cheaper US traded goods. We can see from Appendix A
that the latter effect prevails, since output in Europe falls.*® It is also important to recall that, under the
floating scenario, Europe and Asia are perfectly symmetric. Therefore the positive productivity shock in
the US traded sector affects both of them in the same way.

Finally, under monopolistic competition and sticky prices, domestically set prices depend on current
and future expected marginal costs, which in our set-up depend on both wages and the level of output. **
After a positive productivity shock in the US traded sector, marginal costs decrease in both Europe and
Asia. This, plus the fall in the US traded prices, explains the decrease in domestic (and CPI) inflation
rates in both countries, which in turn induces their central banks to cut the nominal interest rates.
However, since Europe and Asia do not benefit from the direct effect of the productivity shock on
domestic prices, their fall in inflation rates and the subsequent expansionary responses from the

monetary authorities are milder than in the United States.
Hybrid scenario

Under the hybrid scenario, the direct effects on the US economy of the positive productivity shock in
the US traded goods sector are the same as before, but the international transmission changes. Now, in
order to preserve the fixed exchange rate against the dollar, the nominal interest rate in Asia must fall to
the same level as the US nominal interest rate. Although in principle this could have implications for the
transmission of the shock through the asset market, we can see from the impulse responses that bond
holdings in the three countries are affected in a very similar way under the two scenarios; moreover, the
responses of consumption in Europe and the United States are also very similar. Therefore, we can infer
that, in the case of this shock, Asia’s choice of exchange rate regime does not have a major influence on
the intertemporal allocation of consumption in the other two countries, and that in practice the

transmission of the shock through the asset market is not significantly affected.

The source of the differences in the responses of European output and inflation under the hybrid
scenario are the international trade flows. Because the Asian currency cannot depreciate vis-a-vis the

dollar, it must appreciate vis-a-vis the European currency. Naturally, these nominal exchange rate

3! As the maximisation problem of the firm illustrates for the special case of traded goods, the factors that affect output
demand are the relative prices and the domestic and foreign consumption of European goods.

32 At later stages, output increases and consumption decreases in both Europe and Asia, so as to generate enough resources to
repay their borrowing.

33 In our set-up, the level of output affects marginal costs in two ways. First, the marginal productivity of labour is
decreasing in output. Second, higher output itself implies higher labour demand, and therefore higher wages.
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effects influence the transmission of the shock through international trade. At first, we would expect an
increase in the competitiveness of European traded goods in comparison with Asian traded goods, and
an increase in Europe’s output at the expense of Asian output. However, competitiveness and
international trade flows are not only affected by nominal exchange rates, but also by relative prices. As
we can see from the impulse responses, Asian traded goods inflation is more negative under the hybrid
than under the floating scenario. This occurs because, in the absence of any nominal exchange rate
adjustment Asian prices must fall in order for Asia to remain competitive. In this case prices take all the

brunt of adjustment.

The marked fall of Asian prices helps to stabilise the US/Asia terms of trade, and allows Asian firms to
stay competitive vis-a-vis the United States, in the face of falling US prices and the fixed exchange rate.
On the other hand, the marked fall of the Asian traded goods prices also works in the direction of
increasing the price of European goods relative to Asian goods, thus eroding the competitive gain
induced by the depreciation of the euro towards the Asian currency. Indeed, Appendix A shows that
initially the Europe/Asia terms of trade increases rather than decreases. As a result, there is an
expenditure switching effect away from European goods to Asian goods, which causes European output
to fall initially more under the hybrid than under the floating scenario. Since output falls more, future
expected marginal costs are lower, at least initially, thus explaining why domestic (and CPI) inflation in

Europe falls more under the hybrid than under the floating scenario.

Nevertheless after several periods, the larger effective euro depreciation under the hybrid scenario
improves the competitive position of Europe’s traded goods, and this effect dominates in terms of the

overall impact on Europe’s output.

Overall, the large adjustment of Asian prices under the hybrid scenario initially increases output in
Asia, and reduces output in Europe. But this effect is short-lived. After several periods, a higher
effective euro depreciation improves the competitive position of the European traded goods sector, thus
increasing its exports and rendering European output under the hybrid scenario higher than that under
the fixed scenario. Nevertheless, Appendix A shows that in our calibration the quantitative difference

between the output and inflation reactions in the two scenarios is tiny.

4.2 Positive productivity shock in the US non-traded goods sector

For the sake of concision, we prefer to analyse the transmission of the non-traded productivity shock

mainly by explaining how it differs from the transmission of the traded productivity shock.
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. . 34
Floating scenario’

The direct effect on the United States of the positive productivity shock in the US non-traded sector is
very similar to that of the traded productivity shock. Production increases and real marginal costs fall,
triggering a reduction in the price of non-traded goods. Since the US economy now produces more
output at cheaper prices, domestic consumption increases. US demand gradually switches to the
relatively cheaper non-traded goods, thus causing a fall in expected future traded output and real
marginal costs in the traded goods sector. As a result, US traded goods prices fall too. The fall in

domestic (and as a result, CPI) inflation prompts the US central bank to lower the nominal interest rate.

As in the case of the traded sector productivity shock, the non-traded productivity shock is transmitted
abroad through the asset market and trade. In order to spread the benefit of increased productivity and
enjoy higher consumption in the future, US households start holding a positive amount of all bonds,
while the other two countries start borrowing from the United States. As a result, consumption increases

and real interest rates decrease in both Europe and Asia.

The fall of US prices induces the US central bank to reduce the nominal interest rate. As in the case of
the traded sector productivity shock, the dollar appreciates, but the appreciation of the dollar is a lot
stronger under the non-traded productivity shock than under the traded productivity shock.*> Moreover,
the nominal appreciation does not erode the United States’ competitive gain, and both bilateral terms of

trade for US goods deteriorate.

Notwithstanding the increase in domestic consumption and the depreciation of the euro, European
output falls, since demand switches towards the cheaper US traded goods.*® However, European output

recovers in subsequent periods.

Because of the decrease in wages and output, current and future expected marginal costs fall, therefore
domestic (and CPI) inflation in Europe falls initially. The fall in inflation is short-lived because the
depreciation of the euro increases the cost of imports. Moreover, as Europe’s output levels start to grow

so do her marginal costs and therefore prices.

** Impulse responses are presented in Appendix B.

% This is because the nominal interest rate reaction in the United States is stronger under the non-traded productivity shock
than under the traded productivity shock.

36 European traded output falls because worldwide demand gradually switches to the relatively cheaper US traded goods.
Moreover, the fall in US traded prices causes a fall in the aggregate traded price index. As a result, European households
consume less non-traded goods, and European non-traded output falls, too.
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Hybrid scenario

In the previous section we saw that Asia’s choice of exchange rate regime did not significantly affect
the transmission of the traded productivity shock through the asset market. This is not the case here.
Following the non-traded productivity shock, Asia’s borrowing is lower under the hybrid than under the
floating scenario, and real interest rates in both Europe and Asia fall more. As a result, Europe’s

consumption initially increases more under the hybrid than under the floating scenario.

As it happened in the case of the traded productivity shock, the main driver of the differences in the
responses of European output and inflation under the hybrid scenario is the lack of a depreciation of the
Asian currency vis-a-vis the dollar, and the marked fall in Asian prices.37 From Appendix B we can
notice that in the hybrid scenario the fall in Asian prices and inflation rates (both traded and non-traded)
is quite dramatic, except for a small and very short-lived initial increase. As before, this allows Asian

traded sector firms to stay competitive vis-a-vis US firms.

The marked fall in Asian prices induces an expenditure switching effect from European and US goods
to Asian goods. As a result, Europe’s output must initially fall below the level that occurs under the
floating scenario. Moreover, European wages also fall below the level that occurs under the floating
scenario. As a result, expected future marginal costs are comparatively lower and prices in Europe fall
more, thus explaining why domestic (and CPI) inflation rates in Europe initially fall below the floating
scenario. Nevertheless, after several periods Europe’s output benefits from the appreciation of the Asian

currency, and thus European output and inflation gradually rise above the floating scenario.

By and large, the mechanism of the adjustment of inflation and output in Europe, following a
non-traded sector shock in the United States, is similar to that caused by the traded sector shock. The
large fall in Asian prices initially reduces the competitive position of Europe’s traded goods sector and
thus her output and inflation, but the latter is recovered after several periods of greater effective euro
depreciation. In contrast to the traded sector shock, however, the quantitative difference between the

hybrid and floating scenario is now much larger.

4.3 Negative demand shock in the United States

In this section we prefer to analyse the transmission of a negative, rather than a positive, US demand

shock, since a negative demand shock has the same consequences on the European economy (fall in

37 The fall in Asian prices is much more marked under the hybrid scenario, because, in absence of the nominal exchange rate
reaction, the whole adjustment must come through prices.
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output and inflation) as the two positive productivity shocks. Although less detailed than Section 4.1,

the explanation offered here follows the same step-by-step approach.
Floating scenario™

A negative demand shock induces a decline of consumption demand in the United States, and since
output is demand-determined in the model, current and expected future output falls. Expected future
marginal costs, which depend on both wages and output, are lower, so prices fall too. The US monetary
authority reacts by cutting the nominal interest rate and the dollar gradually appreciates, as predicted by
the UIP condition.

The demand shock is transmitted to the other countries through the asset market and trade. Since the
negative demand shock reduces the attractiveness of consumption, US households lend resources
abroad. Real interest rates fall in the other two countries and borrowing becomes more attractive to
European and Asian households, thus consumption rises in the other countries. Additionally, since both

bilateral terms of trade for US goods deteriorate, world demand switches towards the US traded goods.

As with the other shocks, the response of European output depends on the sign, and the relative
strength, of the changes in all the variables that affect the demand for European output: relative price
and domestic and foreign consumption demands. On the one hand, both the depreciation of the euro and
the increase in domestic consumption stimulate the demand for European goods. But on the other hand,
the fall in both US prices and US consumption reduces the demand for European goods. It is possible to
infer from Appendix C that the latter two factors dominate, since Europe’s output falls, although in the

long run it mildly increases.

In turn, falling output and lower wages imply lower current and expected future marginal costs,
therefore European prices fall and inflation is negative. However, in subsequent periods inflation

becomes mildly positive in all three countries.
Hybrid scenario

Asia’s choice of exchange rate regime does not alter significantly the transmission of the demand shock
through the asset market. This result can be inferred, similarly to the case of the traded productivity
shock, by noting that the responses of bond holdings are little different under the two scenarios. As

before, the main driver of the differences in the responses of European output and inflation under the

3* Impulse responses are presented in Appendix C.
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hybrid scenario is the lack of a depreciation of the Asian currency vis-a-vis the dollar, and the marked

fall in Asian prices.

As with the two productivity shocks, under the hybrid scenario the Europe/Asia terms of trade initially
increases, so Europe’s competitive position towards Asia deteriorates, and Europe’s output initially falls
below the level that occurs under the floating scenario. Moreover, because output and wages fall more,
current and expected future marginal costs are comparatively lower, therefore domestic (and CPI)
inflation rates in Europe initially fall below the level that occurs under the floating scenario. However,
the differences in the responses of the European variables between the two scenarios are minimal under
the demand shock.

By and large, Section 4 has shown that the amplification of the responses of European output and
inflation in the hybrid scenario is caused by the behaviour of Asian firms. The impulse responses show
that, whenever the Asian currency is pegged to the dollar, Asian firms respond to any shock that causes
US prices to fall by cutting their prices dramatically.*® In practice, these price cuts allow Asian firms to
remain competitive, in the face of falling US prices and no nominal exchange rate adjustment.*’ *' *2
However, this behaviour damages European firms. We have found that actually the fall in Asian prices
more than erodes the competitive gain induced by the depreciation of the euro towards the Asian
currency. The Europe/Asia terms of trade increases, and Europe’s output and inflation fall below the

levels that occur under the floating scenario.

Additionally, Section 4 illustrated that Asia’s adoption of a fixed exchange rate vis-a-vis the dollar has
two important effects. The first one is that, after a positive productivity or a negative demand shock in
the United States, the Asian currency must appreciate vis-a-vis the euro, and the second one is that the

nominal interest rate in Asia must fall at the same level as the US nominal interest rate. However, our

39 If Asian prices did not fall then Asian firms would experience large output losses, due to the competition from cheaper US
goods and the fixed exchange rate. But falling output would also imply lower current and expected future marginal costs,
which in the end would induce Asian firms to cut their prices. In practice, this self-correcting mechanism ensures that the
US/Asia terms of trade does not fall severely.

* And since both Asian traded and non-traded goods prices fall, there is neither a dramatic fall in the US/Asia terms of trade,
nor a dramatic change in the relative price of Asian non-traded goods.

! Allowing Asian firms to discriminate between export markets, and set a different price for sales at home and abroad is
unlikely to affect our results. This is because Asian firms face the competition of cheaper US traded goods not only in their
domestic market, but also in the European and US markets. The same happens with Europe’s and US’s firms. Fairly general
assumptions ensure that, even in the presence of decreasing marginal productivity, the destination of output does not affect
marginal costs significantly.

*> With no exchange rate pass-through on import prices, the choice of exchange rate regime does not affect directly the
competitiveness of Asian firms vis-a-vis firms in the United States. We regard this as an extreme or limiting case, as of
course is our assumption of a full pass-through. Empirical studies (Campa and Goldberg (2002), for example) find that the
pass-through in reality lies somewhere in between the two extremes. In all the intermediate cases of incomplete
pass-through, Asia’s competitiveness would be directly affected (perhaps more moderately) by the choice of exchange rate
regime and the response of Asian prices would still be different in the two scenarios.
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three-country model shows that these effects are quantitatively less important than the fall in Asian

prices.*

5 Assessing the exposure of Europe’s output and inflation to US shocks

Table 2 reports the standard deviations of the main macroeconomic variables in the model, under the
fixed and floating scenarios. The standard deviations produced by the model are roughly consistent with
the data, except for the real exchange rate. However, the ability of sticky price models to reproduce the
high volatility of the real exchange rates found in the data is still an open issue in the literature.**
Notably, Asia’s choice of exchange rate regime does not affect significantly the European business
cycle, since the volatility of the main macroeconomic variables remains the same under both

scenarios.*

Table 2: Volatility of European and model-generated time series: per cent standard deviations

Data Model
Floating Hybrid
Inflation® 0.26 0.31 0.31
Output® 0.84 0.65 0.65
Consumption® 0.79 0.62 0.62
Current account / GDP® 0.52 0.23 0.24
US-Europe real exchange rate” 8.01 1.07 1.07
Nominal interest rate* 0.15 0.18 0.18

Note: Wages are given by Compensation of Employees divided by the aggregate price level. European inflation is defined as
the quarter-to-quarter growth rate in the euro-area CPI (OECD aggregation). The US-Europe real exchange rate series has
been constructed using the United States and euro-area CPI indices, and the bilateral nominal exchange rate. The nominal
interest rate is the three-month interbank rate. The price levels and the other variables have been seasonally adjusted, logged
and HP-filtered with A = 1,600. Current account and interest rates have not been logged. Sources: Authors’ calculations
based on OECD, Eurostat and IMF data. All data series are of quarterly frequency and refer to the euro area.

* Sample: 1980:1 to 2005:3.

® Sample: 1995:1 to 2005:3.

¢ Sample: 1994:1 to 2005:3.

* If they were quantitatively more important, they would actually cause European output to fall less, and not more, under the
hybrid than under the floating scenario. This is because, on its own, the depreciation of the euro vis-a-vis the Asian currency
actually increases the competitiveness of European traded goods. On the other hand, interest rate changes have implications
for the transmission through the asset market. But the asset market significantly changes the transmission under the hybrid
scenario only in the case of the non-traded productivity shock, but in that case European consumption (and therefore the
domestic demand for output) actually increases more under the hybrid scenario.

* Chari, Kehoe and McGrattan’s (2002) model generates real exchange rates that are as volatile as in the data, however,
their result is influenced by their assumption that prices are set in the local, rather than the producer’s, currency.

* We do not aim to measure precisely the quantitative impact of Asia’s choice of exchange rate regime on the total volatility
of output and inflation in Europe. The major focus of our analysis is on qualitative rather than quantitative issues.
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In order to assess the overall impact of Asia’s choice of exchange rate regime, we look at the variance
decompositions of output and inflation, which are reported in Table 3. The results show that if Asia
keeps the exchange rate pegged to the dollar, Europe’s exposure to US shocks increases, since the
percentages of the variance of Europe’s output and inflation that are due to US shocks are higher under
the hybrid scenario than under the floating scenario. However, in our calibration, US shocks account for
only a small percentage of the variances of Europe’s output and inflation, and this explains why

Europe’s overall volatility is little affected.

Table 3 can be easily understood by means of the main results established in the analysis of the
transmission mechanism. Consider, for example, a shock that causes US prices to fall, such as any one
of the three shocks analysed in Section 4. In all three cases output and inflation in Europe fall more, at
least at impact, under the hybrid scenario than under the floating scenario. Therefore, if Asia keeps her
currency fixed against the dollar the responses of Europe’s output and inflation after a US shock are

amplified.”’

Table 3: Variance decomposition: percentage of the total variance of European variables
explained by US shocks

Traded Non-traded Demand Total
Floating scenario
Output 0.18 0.35 0.15 0.68
Inflation 0.65 0.66 0.05 1.36
Hybrid scenario
Output 0.19 0.71 0.16 1.06
Inflation 0.72 1.54 0.06 2.32

Note: Inflation is defined as the quarter-to-quarter growth rate in the aggregate price level. The statistics are computed from
logged and HP-filtered series, with A = 1,600. The variance decompositions are computed by DYNARE using first-order
approximations of the model.

Table 3 further shows that the main contribution to the exposure of Europe’s output and inflation to US
shocks comes from the non-traded productivity shock. This is because the non-traded sector in the

United States is twice as large as the traded sector. Hence, non-traded sector shocks have at least twice

* Very low exposure of euro-area output and inflation to US shocks is also found in a recent paper by De Walque, Smets
and Wouters (2005). They estimate that US shocks account for only 0.2% of variance of euro-area output, and 1.2% of
variance of euro-area inflation.

*" The impact of Asia’s choice of exchange rate regime on Europe’s exposure to US shocks may be dependent on the nature
of the shocks. For example, Farugee et al (2005) find that the response of Japan and euro-area’s output to a fiscal
consolidation in the United States is more pronounced if emerging Asia adopts a flexible exchange rate regime. However, in
their set-up a fiscal consolidation causes a permanent rise in world savings, while we only consider temporary shocks that do
not affect the steady state of the model.
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as large an impact as traded sector shocks, and consequently the reaction of the US monetary policy to
non-traded shocks is much larger. Since the nominal interest rate in dollar-pegged Asia must equal the
US nominal interest rate, the initial expansionary effect created by this lack of independent monetary

policy in Asia is much larger.

Moreover, the non-traded productivity shock is a major contributor to the higher exposure of Europe’s
output and inflation in the hybrid scenario. This is because the appreciation of the dollar vis-a-vis the
Asian currency in the floating scenario is more pronounced in case of this shock. In practice, the strong
dollar appreciation moderates the loss of competitiveness of Asian goods and restores the equilibrium in
the goods market. But, when Asia pegs her currency to the dollar, her firms must respond by cutting
their prices severely. This preserves their competitiveness, but creates an additional volatility in

Europe’s output and inflation in case of this shock.

One should bear in mind that, for our calibration, the responses of European output and inflation to
shocks originating in Europe are the same in the hybrid as in the floating scenario. This can be inferred
as a corollary from the analysis of Section 4. Since Europe and the United States are symmetric, under
the floating scenario the responses of European variables to US shocks are identical to the responses of
US variables to shocks originating in Europe.*® In the floating scenario, a shock originating in the
United States does not affect the Europe/Asia nominal exchange rate. Analogously, after a shock
originating in Europe, the US/Asia nominal exchange rate does not change. As a result, Asia’s choice of

exchange rate regime does not affect the responses of Europe’s output and inflation to domestic shocks.

6 Sensitivity analysis

In order to check whether the results illustrated in Section 5 are robust to changes in the values of the
parameters, we consider several departures from our baseline calibration. In this way, we are also able
to assess whether our findings hold in general terms, for any group of three large countries in the world

economy.”

Specifically, to conduct our sensitivity checks we analyse both the impulse responses and the variance
decompositions obtained under alternative parameterisations of the model, which differ from the
baseline calibration in respect of only one parameter at a time. To save space, we report only the

variance decompositions in Table 4. Our results show that, under all alternative parameterisations, if

* By looking at impulse responses in appendices we can also infer that the responses of European output and inflation to
shocks originating in Europe are larger in magnitude than the responses of the same variables to US shocks. This explains
why US shocks account only for a small percentage of the variances of Europe’s output and inflation.

* Since we did not perform a full econometric estimation of our model, we do not focus on a quantitative analysis, but rather
on a qualitative analysis.

>0 All impulse responses obtained under alternative parameterisations are available on request.
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Asia pegs her currency to the dollar, Europe’s exposure to US shocks is higher — the percentages of the
variance of European output and inflation that are due to US shocks are always higher in the hybrid than

in the floating scenario.

This is not the only robust result. One additional result that emerged from Section 4 was that the cause
for the increase in Europe’s exposure to US shocks is the behaviour of Asian prices in the hybrid
scenario. Indeed, the impulse responses for our baseline calibration show that, whenever the Asian
currency is pegged to the dollar, Asian firms respond to any shock that causes US prices to fall by
markedly cutting their prices, and as a result, at least at impact, Europe experiences a higher loss of
output demand if Asia pegs her exchange rate to the dollar. By analysing the impulse responses, we
have found that the same happens in the alternative parameterisations considered in Table 4.
Moreover, these impulse responses under alternative parameterisations also confirm that the difference
between responses of Asian prices in the two scenarios is much larger in the case of a US non-traded

productivity shock than with the other two considered shocks.

In summary, the following three results are robust to changes in parameter values: (1) if Asia keeps her
exchange rate pegged to the dollar, both output and inflation in Europe respond more to US shocks; (2)
the amplification of the responses of European output and inflation is attributable to the behaviour of
Asian prices in the hybrid scenario; (3) this amplification is always more marked in the case of US

non-traded productivity shocks.*

Another result, which can be deduced from Table 4, is that changes in parameter values affect both the
overall contribution of US shocks to the variances of European output and inflation, and the relative
contribution of each US shock in comparison with the others. Hereafter, we discuss some of the more

interesting examples.

The reason for a change in the overall contribution of US shocks is different in each parameterisation.
For example, if a (the weight of traded goods in the consumption basket) increases, countries become
more open. This implies that foreign demand becomes a larger component of the demand for European
output. Analogously, more of the European consumption demand is spent on foreign goods. As a result,
households across the world react more to a change in US prices, and thus Europe’s output responds
more to US shocks. In further examples, an increase in the contribution of US shocks to the variance of

European output also occurs when the home bias parameter, 4, falls (because a lower weight is attached

>! There are very few parameterisations (namely absence of home bias) where, after a traded US shock, European output
falls less in the hybrid than in the floating scenario. But since this does not happen with the other two shocks, the general
result that Europe’s exposure to US shocks is higher in the hybrid scenario is also confirmed in these cases.

>2 In almost all the alternative parameterisations, the transmission and the amplification under the hybrid scenario of each
individual shock are as described in Section 4. There are only a few exceptions that are quantitatively insignificant.
Therefore, our three main results will also be robust to several changes in more than one parameter at a time.
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to domestically produced goods), and when yy falls (because a lower weight is attached to European

goods).

Table 4: Sensitivity analysis

Trad Non-trad | Demand Total Trad Non-trad | Demand Total
Floating scenario Hybrid scenario
Sy =1
Output 0.24 0.31 0.14 0.69 0.26 0.68 0.15 1.09
Inflation 0.55 0.39 0.02 0.96 0.61 1.12 0.02 1.75
&y =9.68
Output 0.04 0.23 0.14 0.41 0.05 0.41 0.16 0.62
Inflation 0.95 1.79 0.25 2.99 1.03 2.92 0.29 4.24
yE=0.20
Output 0.51 1.17 0.57 2.25 0.55 1.88 0.59 3.02
Inflation 3.26 3.41 0.27 6.94 3.47 6.2 0.3 9.97
yE=0.80
Output 0.02 0.05 0.02 0.09 0.02 0.19 0.03 0.24
Inflation 0.07 0.07 0.01 0.15 0.07 0.34 0.01 0.42
yp=0.20
Output 0.01 0.05 0.04 0.10 0.01 0.92 0.06 0.99
Inflation 0.18 0.21 0.02 0.41 0.24 4.29 0.04 4.57
yp=0.80
Output 0.25 0.46 0.18 0.89 0.26 0.67 0.19 1.12
Inflation 0.76 0.76 0.06 1.58 0.80 1.23 0.06 2.09
a=0.20
Output 0.04 0.21 0.05 0.30 0.04 0.44 0.05 0.53
Inflation 0.10 0.26 0.01 0.37 0.10 0.61 0.01 0.72
a.=0.50
Output 0.42 0.34 0.28 1.04 0.49 0.68 0.29 1.46
Inflation 1.96 0.86 0.11 2.93 227 1.97 0.13 4.37
M =0.50
Output 0.10 0.19 0.08 0.37 0.10 0.47 0.09 0.66
Inflation 0.24 0.38 0.02 0.64 0.24 0.96 0.03 1.23
H=1.50
Output 0.28 0.48 0.23 0.99 0.33 0.86 0.24 1.43
Inflation 1.37 0.88 0.09 2.34 1.61 1.89 0.10 3.60
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Table 4 (continued): Sensitivity analysis

Floating scenario Hybrid scenario
W=n"=n"=7
Output 0.14 0.24 0.09 0.47 0.17 0.51 0.10 0.78
Inflation 0.40 0.39 0.03 0.82 0.47 0.92 0.04 1.43
W=n"=n"=1
Output 0.10 0.74 0.65 1.49 0.09 1.31 0.66 2.06
Inflation 2.16 2.48 0.19 4.83 1.91 5.61 0.21 7.73
=15
Output 0.03 0.19 0.15 0.37 0.04 0.35 0.16 0.55
Inflation 0.56 0.59 0.05 1.20 0.63 1.02 0.05 1.70
w=3
Output 0.71 0.84 0.17 1.72 0.72 1.47 0.18 2.37
Inflation 0.90 0.88 0.06 1.84 0.92 222 0.07 3.21
@ =10
Output 0.29 0.38 0.17 0.84 0.30 0.51 0.18 0.99
Inflation 0.78 0.47 0.19 1.44 0.81 0.81 0.21 1.83
@ =400
Output 0.07 0.21 0.16 0.44 0.09 0.57 0.16 0.82
Inflation 0.52 0.84 0.02 1.38 0.62 2.32 0.02 2.96
=1
Output 0.21 0.36 0.15 0.72 0.23 0.73 0.16 1.12
Inflation 0.56 0.58 0.03 1.17 0.63 1.42 0.04 2.09
pi =0
Output 0.14 0.65 0.14 0.93 0.21 1.95 0.19 2.35
Inflation 0.90 2.21 0.08 3.19 1.23 6.70 0.13 8.06
P, =101
Output 0.26 0.27 0.17 0.70 0.26 0.34 0.17 0.77
Inflation 0.74 0.30 0.03 1.07 0.73 0.35 0.03 111
p, =0.125
Output 0.16 0.28 0.19 0.63 0.15 0.51 0.24 0.90
Inflation 0.29 0.24 0.05 0.58 0.28 0.56 0.09 0.93

Note: The parameterisations differ from the baseline calibration only with respect to the parameters indicated in the rows.
The parameter p, is the coefficient on the output gap (defined in terms of deviations from the steady state) in the monetary
policy rule.

Inflation is defined as the quarter-to-quarter growth rate in the aggregate price level. The statistics are computed from logged
and HP-filtered series, with A = 1,600. The variance decompositions are computed by DYNARE using first-order
approximations of the model.
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Changes in parameter values also affect the relative contribution of each US shock in comparison with
the others. For example, if the weight assigned to traded goods a increases to 0.5, the contribution of
the traded productivity shock to the variance of European output becomes greater than the contribution
of any other shock, at least in the floating scenario. This happens because, with a equal to 0.5, the
response of European output to a US traded productivity shock is stronger than the response to a
non-traded or a demand shock.” In further examples, an increase in the relative contribution of the
traded productivity shock in comparison with the other shocks can also be observed when y increases or
u falls. On the other hand, the parameters that increase the relative contribution of the demand shocks in
comparison with the other shocks are the home bias parameters, /, and the size of Europe’s economy,
yg. When these are lower, less is spent on domestic or European goods, and the contribution of US

demand shocks to the total variance of European output increases.

By and large, changes in parameter values alter Europe’s exposure to each individual shock and to the
sum of all US shocks. However, the main results presented in Section 5 are generally robust.
Analogously, if Asia kept her exchange rate pegged to the euro, both output and inflation in the United
States would respond more to European shocks. Therefore, the transmission of shocks between two

countries is dampened when a third country does not peg her exchange rate to one of their currencies.

7 Conclusions

One of the consequences of the emergence of the Chinese and several other Asian economies is that
their macroeconomic policies will increasingly affect the rest of the world. This has been implicitly
acknowledged, for example, in the recent academic and policy debate over China’s choice of exchange

rate regime.

Using a three-country dynamic general equilibrium model that extends the Centre-Periphery model of
Corsetti, Pesenti, Roubini and Tille (2000), we have analysed how the transmission of US shocks to
Europe is affected by the choice of exchange rate regime in a third large country or a bloc of countries,
which can be understood as either Asia or China. Throughout the main text, we have focused our
analysis and calibration on Asia. Nevertheless, for the clarity of exposition and topicality of the issue, in

the remainder of this section we extend our conclusions to China, the largest Asian country.

>3 Interestingly, this is not necessarily the case in the hybrid scenario, since again the non-traded productivity shock is the
most important contributor to output volatility.
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We have found that, if China keeps her exchange rate pegged to the dollar, both output and inflation in
Europe respond more to US shocks. This happens because, in the absence of nominal exchange rate
adjustments, China’s firms respond to US shocks by implementing significant price changes that
strongly affect Europe’s relative competitive position. China’s fixed peg vis-a-vis the dollar has two
other important effects. First, if renminbi is pegged to the dollar, the nominal interest rate in China must
move in line with the US nominal interest rate. Second, US shocks do not only affect the euro-dollar
bilateral exchange rate, but they also affect the euro-renminbi exchange rate. Both effects influence the
responses of Europe’s output to US shocks. Nevertheless, our general equilibrium model shows that the

larger adjustment of China’s prices, induced by the peg in China, dominates the other effects.

It has often been argued that floating exchange rates have the benefit of insulating a country from
foreign disturbances. Our results suggest that floating exchange rates have another insulating property:
the transmission of shocks between two countries is dampened when a third country does not peg her
exchange rate to one of their currencies. This result was obtained in a comprehensive framework,’* and

it has proved to be quite robust.

Interestingly, our results have also revealed that, despite the increase in the exposure to US shocks, the
impact of China maintaining the peg against the dollar is likely to have only a modest effect on the
overall volatility of Europe’s output and inflation. This is because, at least in our calibration, the overall
volatility of Europe’s output and inflation depends mainly on domestic shocks, and a lot less on US
shocks.

But the exact quantitative impact of China floating would require further extensions. We have aimed to
provide a qualitative, rather than quantitative, analysis, and our focus has been limited to the
transmission of US shocks. Therefore, we did not assess the relative importance of Asian/Chinese
shocks in the European business cycle, and the quantitative impact of Asia’s/China’s exchange rate
regime on the overall volatility of output and inflation in Europe. A successful answer to this distinct
question rests, in our view, not only on a fully estimated dynamic macroeconomic model, but also on
the availability of reliable time series for China. Furthermore, we have considered a set-up with full
pass-through for ease of analysis and because of the qualitative nature of our investigation. Another
extreme assumption — no exchange rate pass-through — would eliminate the direct effect of the choice of
exchange rate regime on the competitiveness of China’s firms. Empirical studies (for example, Campa
and Goldberg (2002)) find that the pass-through in reality lies somewhere in between the two extremes.
A precise analysis of the quantitative impact of China’s choice of exchange rate regime would thus need

to address both of the above extensions.

>* We can say that this comprehensive framework in itself encompasses several smaller models.
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Appendix A: Impulse responses to a positive productivity shock in the US traded sector
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Appendix B: Impulse responses to a positive productivity shock in the US non-traded sector
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Appendix C: Impulse responses to a negative demand shock in the United States
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