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Executive Summary: We illustrate the analytical content of the global slack hypothesis
in the context of a variant of the widely-used New Keynesian model of Clarida et al. (2002)
under the assumptions of both producer currency pricing and local currency pricing. The
model predicts that the Phillips Curve for domestic CPI inflation will be flatter, the more
important international trade is to the domestic economy. The model also predicts that
foreign output gaps will matter for inflation dynamics, along with the domestic output gap.
We report some empirical evidence in support of the global slack hypothesis, and document
some of the data challenges associated with estimating foreign output gaps. We also show
that the terms of trade, or a combination of the terms of trade and the real exchange rate,
depending on what one assumes about the choice of currency in which exporters price their
goods, can capture foreign influences on domestic inflation in an open economy. When the
Phillips Curve includes the terms of trade rather than the foreign output gap, the response

of inflation to the domestic output gap is exactly the same as in the closed economy case.
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1 Introduction

In recent years, a number of policymakers have addressed the question of whether greater
global economic integration, or globalization, has had a significant impact on inflation in the
U.S. While there appears to be broad agreement on the importance of globalization as a real
phenomenon, there is less agreement on what globalization means for inflation developments
and monetary policy in the U.S. This appears to be due in part to the relative recentness,
in some sense, of globalization, and in part to serious data limitations.

Basic economic theory suggests that globalization, which we will take as being synony-
mous with the greater openness of the U.S. economy to trade, capital and labor flows, should
have affected inflation. Specifically, if we think of the measured inflation rate as having a
trend and a cyclical component, there are sound reasons for thinking that both have been
affected by the greater openness of the U.S. economy. First, globalization may have lowered
the trend rate of inflation by reducing the inflation bias that arises under discretionary poli-
cymaking. This is an argument that is most closely associated with Romer (1993) and Rogofl
(2003), but it has been made by others as well.? Second, globalization may have altered the
cyclical behavior of inflation by changing the composition of the basket of goods that is
priced for aggregate price indexes, as suggested by the standard open-economy versions of
the workhorse New Keynesian model of Clarida, Gali and Gertler (2002). Globalization
may also have had a permanent one-time disinflationary effect by increasing the competitive
pressures faced by firms and workers, although whether and when that one-time effect is
played out seems to be an open question.

The first order effects of greater openness, whether to trade, capital flows or labor, are on
relative prices and real returns. Whether these changes then have implications for inflation,
over the medium to long term, depends very much on how monetary policy responds to
these developments. Globalization does not alter the fact that over the medium to long term
inflation is ultimately determined by the actions of monetary policymakers.

The structure of this paper is as follows. We will employ an extension of the two-

2See in particular the contributions of Bohn (1991), Hardouvelis (1992), Fischer (1997), Lane (1997),
Obstfeld (1998) and Evans (2007). All of these papers rely on some variant of the time consistency problem
highlighted by Kydland and Prescott (1977) and elaborated in a model of monetary policy making by Barro
and Gordon (1983). Yet it is not clear how important this problem is in practice. Some central bankers argue
that simply by being aware of the problem has made them less likely to succumb to it. Indeed Blinder (1998)
argues that it is hard to reconcile the argument that central banks have an inherent inflation bias with the
inflation performance in most industrial countries since the 1980s. Second, the Barro-Gordon (1983) analysis
is conducted in a simple partial equilibrium setting. Extensions to a general equilibrium setting by Neiss
(1999), and Albanesi et al. (2003a,b) have found that an increase in a central bank’s incentive to engineer a
surprise inflation need not always result in higher inflation due to offsetting changes in the costs of inflation.
The analyses of Neiss and Albanesi, Chari and Christiano are conducted in a closed economy setting - it
remains to be seen how their results translate to an open economy environment.
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country model of Clarida et al. (2002) to derive a benchmark specification for the open
economy Phillips Curve. We will consider two different assumptions about how firms set
prices in export markets: local currency pricing (which is not considered by Clarida et al.
(2002)) and producer currency pricing. We use this model to illustrate two propositions
about the impact of globalization on inflation dynamics. First, foreign slack does matter
for the short-run trade-off between inflation and real variables. Moreover, the coefficient on
domestic slack declines as the economy becomes more open. Second, international relative
prices (specifically, the terms of trade) can be sufficient to summarize the influence of foreign
factors on domestic inflation in this class of models. This last result ties in with an older
literature on the Phillips Curve that includes variables like import and commodity prices
on the right hand side of Phillips Curve regressions. When we use the terms of trade to
measure foreign influences, the theoretical coefficient on domestic slack is exactly the same
as in the closed economy case. These propositions hold regardless of what we assume about
how firms set their prices internationally, that is, whether they engage in local currency
pricing or producer currency pricing.

We then present some empirical evidence in support of the open economy Phillips Curve
specification. We argue that when it comes to testing open economy specifications of the
Phillips Curve, abstracting from changes in trend inflation is important and makes a big
difference to the estimates. We conclude with a brief discussion of the data challenges
associated with estimation of open economy Phillips Curves, and the conceptual difficulties

associated with the measurement of output gaps.

2 Globalization and the cyclical component of inflation

- the global slack hypothesis

For the purposes of thinking about inflation dynamics in a multi-country environment, the
basic two-country model of Clarida et al. (2002) has proven to be quite useful. We will work
with a simple extension of that model, which is described in detail in the Appendix.® Here
we give a quick qualitative review of the main features of the framework.

In the basic setup, there are two countries, designated home (H) and foreign (F') that
have mass of households n and 1 — n respectively but are otherwise symmetric and identical
in all respects. There is a continuum of goods produced by a continuum of monopolistically
competitive firms with a linear-in-labor technology that is subject to aggregate productivity

shocks. Each firm supplies the home and foreign markets. All consumption goods are

3The exposition that follows draws heavily on an extension of Martinez-Garcia (2008).
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perishable - there are no consumer durables or capital. The monopolistically competitive
firms that are engaged in production set prices to maximize profits subject to a Calvo (1983)
pricing constraint, and supply all that is demanded at a given price.

Household preferences in each country are defined over aggregate consumption and labor.
Aggregate consumption in each country is in turn a composite of domestically produced and
foreign produced goods, and the composite domestic and foreign goods are assumed to be
imperfect substitutes. The bundles of domestic and foreign goods that each household con-
sumes are in turn assumed to be composites of an infinite number of domestically produced
and foreign produced varieties of goods, with these varieties also assumed to be imperfect
substitutes. Furthermore we assume that consumers in each country have a preference for
domestically produced goods (home bias). Households make consumption plans and labor
supply decisions to maximize utility, yielding demand functions for each variety of domestic
and foreign goods, along with standard intratemporal and intertemporal optimality condi-
tions. The labor force is homogenous within a country and immobile across borders, and the
national labor markets are perfectly competitive.* Hence, wages are equalized within each
country but not necessarily across countries.

International trade is assumed to be costless, and there is no active role for government.
The only nominal friction in the model is the nominal price stickiness in the goods market
which is modelled a la Calvo (1983). Firms may set prices in their local currency (producer
currency pricing), or in the currency of the market into which they are selling (local currency
pricing). When firms engage in local currency pricing, deviations of the law of one price
occur. Furthermore, firms engage in third-degree price discrimination across markets and
enjoy monopolistic power in their own product variety. Re-selling is precluded so that the
optimal pricing policy is not reversed by re-sellers exploiting the arbitrage opportunities that
arise in the goods market. The model is described in more mathematical detail in Tables
A1-A4 of the Appendix.

To explore the first-order effects of shocks on the dynamics of the economy, we log-
linearize the equilibrium conditions around the deterministic zero-inflation steady state. Let
Z; = In X; — In X denote the log deviation of a variable X; from its steady state value X.
Assuming that Calvo contracts are symmetric across countries, the log-linearized aggregate
supply equation for the domestic firm in the home market can be written in a familiar form

as,

7l = BE, (7)) + A (e — py) (1)

where A = M Of course, equation (1) simplifies to the standard New Keynesian

4Clarida et al. (2002) assume that households are monopolostically competetive suppliers of labor.
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Phillips Curve when the consumption basket consists solely of domestically produced goods.
The log-linearized aggregate supply equation for the the foreign firm selling in the domestic

market can be written analogously as,
7 = BE: (7)) + A (e, — b +31) . (2)

Substitution of each of these expressions into the log-linearized equation for the CPI in

the home country, i.e.

T = &r + (1= &7, (3)

then gives us,
7 = BB (Fer) + A [§ (mee — B7) + (1= &) (me; — b +5)] - 4)

This is a fairly general expression for the open economy New Keynesian Phillips Curve.
It relates domestic CPI inflation to expected future CPI inflation and a weighted average
of domestic and foreign real marginal costs. By invoking additional assumptions on firms’
pricing behavior and other primitives of the model we will see that it is possible to rewrite

the Phillips Curve in terms of domestic and foreign output gaps.

2.1 Producer currency pricing

We will start with the case of producer currency pricing as in Clarida et al. (2002). Under
producer currency pricing, the law of one price holds and exchange rate pass-through is
complete, i.e. pI'* = pI' +5;. The expression for the dynamics of domestic CPI inflation can

then be rewritten as,
To = BB (Tei1) + A [¢ (e = py) + (1= &) (me; — ;7)) (5)

which tells us that domestic CPI inflation is a function of expected future domestic CPI
inflation and a weighted average for domestic and foreign real marginal costs. In turn, the

log-linearized real marginal cost functions for domestic and foreign firms can be written as,

me; —py = ’7@4‘%0@54‘(1—5)@15—(14‘@)@5, (6)
me, —pit = AT + ¢y — Eiot, — (1 + ¢) @, (7)

where we have made use of the labor market clearing conditions as well as the fact that

whenever the law of one price holds terms of trade can be expressed as fol; = pr—5,—pi* =
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pE — pH . in which case p, — p? = (1 — &)iol,.

To rewrite the expressions for real marginal costs in terms of gaps (deviations from
the frictionless allocation), we note that the potential or frictionless level of output of the
domestic and foreign countries is defined as the output level that prevails whenever the
monopolistic firms price as if prices were fully flexible, i.e. me, —}%f =0 and %: —}:75 f =05
We use the notation Z to denote the log deviation of a variable X; from its frictionless
steady-state level X. Thus the pricing equations in the frictionless case can be written in

log-linear terms as,

0 = me —p, =7¢+ ¢y, + (1ol — (1 + )ay, (8)
% P o~ — o ~
0 = mé —p, =7¢ + ¢y, — oty — (14 ¢)ay. (9)

We can then use these expressions to rewrite the log-linearized real marginal cost functions

in gap form as,

fn\ct—@H = ’Y(at—%t)‘l’@(?jt—@t)+(1—§)(t/&t—wt)a (10)
me; —pit = @ =)+ e — ;) — & (fot, — Toty). (11)

That is, real marginal costs for domestic firms selling into the domestic economy can
be written in terms of a domestic consumption gap (deviation of consumption from its
frictionless level), (¢; — &), a domestic output gap (deviation of output from its frictionless
level), (G —7,), and a terms of trade gap (deviation of the terms of trade from its frictionless
level), (t/&ft — %t). Likewise, for foreign producers selling into the domestic market, real
marginal costs can be written in terms of a foreign consumption gap, (¢ — g:), a foreign
output gap, (¥; —i), and a terms of trade gap, (t/&ft —%t). Substitution back into equation
(5) would then give us an expression relating domestic CPT inflation to expected future CPI
inflation, domestic and foreign output gaps, domestic and foreign consumption gaps and the
terms of trade gap.

However, it is possible to simplify further and derive an expression for the Phillips Curve
in a more familiar form that relates inflation to measures of the output gaps alone by rewriting

the consumption gap and terms of trade gap in each country in terms of the output gaps.

After much algebra (outlined in detail in Martinez-Garcia (2008)) we obtain the following

®The Dixit-Stiglitz pricing rule for monopolistic competition under flexible prices implies that prices are
equal to a mark-up over marginal costs. The mark-up is a function of the elasticity of substitution across
varieties, #, and time-invariant. Therefore, the pricing rule can be log-linearized around the steady state in
terms of prices and marginal costs as stated. The mark-up only affects the steady state allocation, and it is
conventional to add a labor subsidy to eliminate this distortion as well.
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expressions,
—~ o(€* +(E-€ )+ (E-€)(1-n")+(1-£) ~ =
mCt—pfq: e+ — 7;77* - (?Jt—yt>+
P P P Ty "
N [7 (a(lﬂ(&&*)(ln))i(gs*)(m)ﬁ&))] (g* B 5)
o—(o—3 )(E€)m—n) RSV
% s o(€ +H(E—€ ")~ L (€€ m"—¢* ~ =
mey —ppt = [7< (o L)E €Y >] (yt_yt> * 13)
K 13
a(ls+(ss*)(ln))+1(55*)n+s*>] o
+ et Ty m— (y -y )
{90 7( o (o L)€ € n) e
where n = % and * = —= e= — . If we impose the assumption of no
(%) (s

home bias in consumption (as do Clarida ef al. (2002) and Woodford (2007)), i.e. £ = £*,

then we can write real marginal costs as,

me, — pff = {Wﬂ(@)} (.@e-@) + {(1—5)7<0;1>] (.@?—f:) (14)
me; —pit o= [57 (U(;l)] (.@—@) + {@4'7(%)} (@" —?Z)- (15)

If we additionally assume (as also do Clarida et al. (2002) and Woodford (2007)) that the

elasticity of substitution between the home and foreign bundles of varieties is ¢ = 1, which

implies that the consumption aggregator is of the Cobb-Douglas type, then the expressions

above for the real marginal costs become,

e =5 = Lo+ (G- 5). (16)
e - = e+l (7 -7) (17)

Domestic and foreign real marginal costs can be written solely in terms of the domestic and
foreign output gaps.

However, in an open economy the foreign output gap matters not just for the determina-
tion of the marginal cost of foreign firms (and, therefore, to capture the effects on imported
prices) but also for the determination of domestic marginal costs because: (a) domestic firms
do export their products abroad, so higher foreign demand will force them to pay higher do-
mestic wages; and (b) variations in the terms of trade against foreign competition will affect
their domestic market share and consequently their domestic costs.

We can use the expressions for real marginal costs in (12) and (13) to derive a general

characterization of the domestic Phillips Curve for overall CPI inflation in terms of domestic
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and foreign output gaps alone. The dynamics of domestic CPI inflation can be written as,

B = BBy (Fopn) + A [ (5= 52) + Wre (70— T0) ] (18)

where,

ot (o-1) =) -n)

o= (o=1) (=&)Y n—m)

c(1-&+(o-1)(E-¢)(1-n)
o (o=1) (=&Y n—m)

V,e = So+7 ) (19)

\ij,ﬂc* = @(1_5)""7

(20)

If we impose the Clarida et al. (2002) and Woodford (2007) assumption of no home bias in

consumption, £ = £*, the coeflicients on the output gap terms simplify to,

Ve = E(y+¢9)>0 (21)
Uror = (1=8)(v+¢) >0. (22)

That is, the foreign output gap will matter for domestic CPI inflation, and there is no
ambiguity about the sign of the effect. Note also that the importance of the foreign output
gap activity is greater, the greater the importance of foreign goods in the consumption
bundle, 1 — &. Thus, in the context of this simple model at least, two key features of
the global slack hypothesis are apparent. First, the output gap in the foreign country, as
measured by the deviation of output from its frictionless level, matters for domestic CPI
inflation. Second, the Phillips curve will be flatter (relative to the domestic output gap), the

more important are foreign goods in the domestic consumption bundle.

2.2 Local currency pricing

The second case that we need to consider is the assumption of local currency pricing (LCP),
where the law of one price no longer holds. When the general expression for the open

economy Phillips Curve in (4) is rewritten in terms of real marginal costs, we obtain,
R = BB, (Fean) + A | (s — B) + (1= €) (e — 51" + ;)| (23)

where cz*; = <§t +pi* —prf ) is a measure of the deviation from the law of one price for foreign

goods.
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The log-linearized expressions for marginal costs under the local currency pricing as-

sumption are,

o =Pl = G+ e+ (1= € ol — (1= & di = (14 ¢) @, (24)
me; —prt = G+ ¢l — oty — &°di — (1+ @) @y, (25)
where d; = (ﬁtH — 5 — ﬁtH*> is a measure of the deviation from the law of one price for

domestic goods. Under local currency pricing, an important distinction needs to be made
between the terms of trade and the relative price of foreign goods. The terms of trade are
still defined as fol; = pF' — 5 — pH* in log-deviations but are no longer equal to pf' — pf due
to the fact that the law of one price no longer holds in general. As before, the potential or
frictionless level of output of the domestic and foreign economies is defined as the output
level that prevails whenever the monopolistic firms price according to me; — }%f = 0 and
%: — }:75 "=0 respectively. This gives us the following pair of equations to characterize the

frictionless allocation,

0 = G+ ¢y + (1 & Toty — (1 + ¢) @, (26)
0 = & + ¢, — &tol, — (14 9) @, (27)

which are identical to (8) and (9) since d; = d, = 0 (because, by definition, the law of one
price holds in the frictionless equilibrium).
We can use these relationships to rewrite the expressions for real marginal costs in terms

of gaps as before,
e = b = v (a=%)+e(R-5)+0-9 (ol —Toh) ~(1=d, (29
e - = (G -F) +e (5 -T) ¢ (fo—Tot) - ¢d;. (29)

Note that these equations are identical to equations (10) and (11), except for the presence of
the terms c?t and CZT capturing the deviations from the law of one price. Working from these
equations, we can rewrite the Phillips Curve in terms of output gaps, the terms of trade and

the real exchange rate as,
Fo= BB (i) + A [ (5= 52) + rae (T =51 ) + U (6= &) l0k — 75, ) |, (30)

where U, , and U, ,. are defined exactly as in (19) and (20), while the new composite
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parameter, ¥, .. is defined as,

_ 1-(¢—¢)m—n) \ [ cQ-O+(o—1)E-€)0-n\
\IJW,T‘p =0 ((5*5*)(14’(5*5*))) ( 07(07%)(2’75*)(7]77]*)
(Q—€)-n(€—£")
I ((H*)(H(H*))) '
But this characterization of the Phillips Curve is well-defined only if & # £*.

Imposing the assumption of no home bias in consumption (as do Clarida et al. (2002)

(31)

and Woodford (2007)), i.e. £ = &*, we can derive an expression for the Phillips Curve in the

following terms,

Fo= BB (Fe) + A S +9) (= 5) + 1= (v +9) (T =T ) + L —mis] . (32

where (1 — n) denotes the foreign population size. In this special case, it suffices to use the
real exchange rate to account for the deviations from the law of one price without having
to subtract the effect of the terms of trade. The coefficients on the domestic and foreign
output gaps can be obtained from the more general composite parameters ¥, , and ¥, .
defined in (19) and (20) under the assumption of no home bias, but the same is not true of
the composite parameter ¥, ..

The two propositions we stated above continue to hold: First, the output gap in the
foreign country, as measured by the deviation of output from its frictionless level, matters for
domestic CPT inflation. Second, the Phillips Curve will be flatter (relative to the domestic
output gap), the more important are foreign goods in the domestic consumption bundle.
The only difference with the Phillips Curve expression we derived under the assumption of
producer current pricing is the presence of a term involving the real exchange rate (net of
terms of trade effects) that captures the contribution of deviations of the law of one price,
whose importance increases with the size of the population of the foreign country (rather

than with its openness to foreign trade).

2.3 Hybrid case

Recall the characterization of CPI inflation under the assumption of producer currency pric-
ing in equation (18) and the characterization of CPI inflation under the assumption of local
currency pricing (whenever £ # £*) in equation (30). If we assume that a constant fraction
of firms 0 < € < 1 price according to the local currency pricing rule in each country, CPI

inflation will then be determined as,

Te=(1—)7TF + 7P, (33)
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with the Phillips Curve then being given by,
%\t = ﬁEt (ET\H»I) + /\ |:\IJ7T,$ (.@\t - @t) + \Ijﬂ',x* (.@\Z - 5:) + E\ij,rp ((5 - §*> t/o\tt - 7::9t>:| . (34>

On top of the usual assumptions, this result defines the inflation dynamics under the as-
sumption that the fraction of local currency pricing firms is exogenously given, does not
change over time, and is identical in both countries.

While this expression has its conceptual limitations, it is useful in the sense that it
suggests that deviations from the law of one price as reflected in international relative prices
(the real exchange rate net of terms of trade effects) cannot be excluded and ignored in the
Phillips Curve except in the polar case where all firms in all countries engage in producer

currency pricing (the implicit assumption in Clarida et al. (2002)).

2.4 Discussion

The key parameter determining the quantitative significance of foreign factors for domestic
CPI inflation developments in this and related models is the share parameter for foreign
goods in the consumption basket, 1 — £. It might be argued that given the composition
of the consumption bundle of the representative U.S. household, and specifically the fact
that it seems to be heavily skewed towards goods and services that are either nontraded or
nontradable, this puts a significant limit on how important, in a quantitative sense, foreign
economic activity is likely to be for U.S. inflation developments. As Figure 1 shows, while the
share of imports of goods and services in U.S. GDP has increased from just over 4 percent to
more than 18 percent at the recent peak, international trade in goods and services remains
a lot less important for the U.S. economy than for many other smaller economies.

However, we think such a conclusion would be premature. There are a number of other
channels through which foreign economic activity may matter for domestic inflation dynamics
that are absent from the model outlined above, such as trade in intermediate products and
commodities, and immigration and outsourcing. Leith and Malley (2007) and Rumler (2007)
explore extensions of the basic model sketched out above that allow for trade in intermediate
inputs. The analysis above was conducted in the context of an environment where goods
are mobile across national borders, but labor is not.® Engler (2009) examines the effect of
labor mobility in the standard New Keynesian model. FEngler’s analysis is motivated by

the observation that in many cases migration is not a once and for all decision but instead

$Woodford (2007) also considers a version of the model where there is assumed to be a single global
market for labor, and shows that in such a case the global output gap matters not just for the evolution of
CPI inflation, 7, but for the evolution of domestic product price inflation, %f, as well.
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has a significant high frequency component as well. Engler’s analysis is conducted from the
perspective of the source country — that is, he looks at how the Phillips Curve relationship
in a small open economy is affected by the possibility that domestic workers can supply
effort to foreign as well as domestic firms - and he shows that the opening of the labor
market tends to flatten the domestic Phillips Curve. Razin and Binyamini (2008) further
extend Engler’s framework to consider the impact of immigration from the perspective of
the receiving country, albeit in the two-country setting of Clarida et al. (2002), and show
that this too leads to a flattening of the Phillips Curve for the domestic economy.”

3 Evidence that foreign activity affects U.S. inflation

There has already been a significant amount of empirical work looking at the impact of
globalization on inflation, and at the impact of foreign economic activity in particular. Orr
(1994) was one of the earliest attempts to evaluate the likely restraining effect of greater slack
overseas on U.S. inflation. Orr focused on imports from the other members of the G7 group
of countries, which at the time he was writing accounted for over half of U.S. imports. Orr
found that despite the restraining effect of excess capacity overseas on producer level inflation
in these trading partners in the early 1990s, it did not translate into significantly lower prices
for U.S. imports from these countries, primarily due to offsetting movements in exchange
rates. Garner (1994) also investigated the possible impact of the greater openness of the U.S.
economy on simple Phillips Curve relationships between U.S. inflation and domestic capacity
utilization but found no statistically significant effect of the trade share. He also looked at
the effect of foreign capacity utilization, proxying it by capacity utilization in Canada since
it is the U.S.” largest trading partner, but again found no effect.

Tootell (1998) was a more comprehensive assessment of whether resource utilization in
the G7 countries matters for U.S. inflation. Tootell’s point of departure was to ask whether
globalization could account for the “missing inflation” in the U.S. in the late 1990s, and he
used a traditional backward looking Phillips Curve specification to address this question.
Tootell found no evidence that foreign slack (as measured by the deviation of unemployment
in the other G7 countries from estimates of the natural rates in those countries) mattered for
U.S. inflation, at least through the middle of 1996, when his sample period ended. Wynne
and Kersting (2007) attempted to replicate Tootell’s findings using a similar sample period,
and also reported the results of simply extending the sample period to include the past
decade. When they extended the sample period to include the past decade, they found that

the estimated coefficient on the domestic slack variable declined in magnitude and statistical

"Bentolila et al. (2008) also consider the implications of immigration for inflation dynamics.
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significance (as many other studies have shown), while that on the foreign slack variable
increased. (Global slack, at least in the other G7 countries, seems to matter for U.S. inflation
after all.

Much of the recent debate about the implications of globalization for inflation stems
from the widely cited paper of Borio and Filardo (2007) which examined whether global
slack may play a greater role in the determination of domestic inflation than domestic slack.
Rather than employ a labor-market based measure of slack, they use a measure based on
the deviation of aggregate output from potential, and broaden the definition of “foreign”
to include not just the other members of the G7, but several of the U.S.” other top trading
partners as well. They found a statistically significant role for the foreign output gap in
explaining inflation in the U.S., and a declining role for the domestic output gap. Subsequent
research by Thrig et al. (2007) cast doubt on the robustness of Borio and Filardo’s results.
Thrig et al. noted two potential problems with the empirical analysis of Borio and Filardo:
first, their definition of the dependent variable in their regressions as the difference between
headline consumer price inflation and trend core inflation; and second, their measurement of
inflation as the four-quarter change in the price index rather than the annualized quarterly
change in the price index.

Taking these earlier studies as a point of reference, we decided to investigate whether we
can detect any relationship between inflation in the U.S. and domestic and foreign resource
slack. We consider three very standard measures of resource slack to begin with, namely
capacity utilization in manufacturing, the unemployment rate and the output gap. We start
by looking at the G7 group of countries (for reasons that will become apparent later), defining
foreign slack as a simple import-weighted average of the various slack measures. Figures 2-4
plot capacity utilization in U.S. manufacturing, the U.S. unemployment rate and the U.S.
output gap along with the foreign equivalents for the other countries in the G7. Two points
are immediately obvious. First, the short historical coverage of some of the series: our
foreign capacity utilization series only starts in 1985 (the earliest date for which a capacity
utilization measure for U.K. manufacturing is available), while the foreign output gap series
is only available from 1991 (due to German reunification). Second, the U.S. and foreign
measures of resource utilization are highly correlated, suggesting that it may be difficult to
discern a distinct effect on U.S. inflation from resource utilization outside the U.S.®

Table 1 reports the results of a series of simple least squares regressions of headline

and core inflation on the three measures of resource utilization in the U.S. and the other

8Note that while capacity utilization rates in the U.S. and the rest of the G7 seem to move in tandem most
of the time, there are episodes when the two diverge. The striking discrepancy between capacity utilization
rates in the U.S. and the rest of the G7 in the early 1990s was what motivated Orr’s (1994) analysis.
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G7 countries. The simple specifications we start with are motivated by the theoretical
analysis above that assumes producer currency pricing, and specifically, equation (18). Our
objective here is not to come up with a comprehensive model of U.S. inflation dynamics,
but rather to simply explore whether there are any hints in the data that foreign influences
may be important. Note that for five of the six specifications reported, the coefficient on the
foreign resource utilization variable is statistically significant at conventional levels, and of
the right sign. By contrast, the sign on the U.S. resource utilization variable is always of the
wrong sign, and is never statistically significant. The explanatory power of these very simple
specifications, as measured by the EQ, is surprisingly high in some cases, and especially where
core inflation is used as the dependent variable. But the results of the Breusch-Godfrey test
for serial correlation in the residuals suggest that all but one of the estimated models are
potentially misspecified.

Recall that the Phillips Curve expressions that we derived above were in terms of devia-
tions from a steady state. The New Keynesian analytical framework provides an account of
inflation dynamics around a (possibly time-varying) steady state, so it seems logical, there-
fore, when looking for patterns in the data, that we might want to focus on the cyclical

Y We measure the cyclical components of headline and

components of different variables.
core (ex. food and energy) PCE inflation using the Hodrick-Prescott filter with smoothing
parameter A = 1600 and Figures 5 and 6 show the time series for the overall, trend and cycli-
cal components of our two inflation measures. Table 2 reports the results we obtain when we
re-estimate the specifications in Table 1 using detrended headline and core inflation as the
dependent variable.'” Again, the estimated coefficients on the foreign resource utilization
variables are always of the right sign, and in many cases are statistically significant. The
coefficient estimates on the U.S. resource utilization variables are also of the correct sign
(except in the specification with core inflation and the output gap), but only statistically
significant in one case. While the explanatory power of these specifications is somewhat lower
than for the specifications that use the raw inflation measures, there no longer appears to
be a problem with serial correlation in the residuals (as determined by the Breusch-Godfrey
test) for the specifications that use core inflation as the dependent variable.

What if we estimate simple specifications motivated by the expression we derived for the

open economy Phillips Curve relationship under the assumption of local currency pricing in

9Carlstrom and Fuerst (2008) also emphasize the importance of controlling for changes in trend inflation
when looking at the relationship between economic slack and inflation. Balakrishnan and Ouliaris (2006)
argue that changes in external trade and global factor markets tend to impact inflation primarily over the
business cycle.

Tn a slight abuse of notation, in our empirical work we use hats “*” to denote the cyclical component of
a series rather than the (log) deviation of the series from a steady state value.
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equation (30) above? These specifications include the terms of trade and the real exchange
rate on the right hand side, and as such resemble the specifications estimated by Thrig et
al. (2007).1' Table 3 reports the results. The coefficient on foreign slack as measured by
the unemployment rate is not statistically significant in either the specification for headline
or core inflation. The coefficient on foreign slack as measured by capacity utilization is
significant at the 10% level in the specification for headline inflation, but the strongest
results are obtained when we use the output gap measures. The coefficient on the U.S.
output gap is not significant for either headline or core inflation, but the foreign output gap
is, and is significant at the 1% level in the estimated equation for core inflation. However,
note that all of the estimated equations seem to have serially correlated residuals, although
as in Tables 1 and 2, the problem seems less severe for the specifications for core inflation.

To summarize, if we define the world as consisting of just the G7 economies, ordinary
least squares estimates of simple linear Phillips Curve specifications motivated by a standard
open economy extension of the New Keynesian model are consistent with the global slack
hypothesis. That is, there seems to be a more significant relationship (in a statistical sense)
between slack in the other economies of the G7 and inflation in the U.S., than between slack
in the U.S. and inflation in the U.S. The evidence is fragile, to be sure, but it does suggest
that there is empirical content to the global slack hypothesis.

So far we have limited ourselves to reporting results where the rest of the world is defined
as the other members of the G7. However, while the G7 group still accounts for a significant
share of world GDP and of U.S. imports, these shares are declining, as Figure 7 shows.
A more comprehensive empirical evaluation of the global slack hypothesis would look at a
larger group of countries to measure global slack. However we immediately run into severe
data problems, even if we limit ourselves to the economies of the (G20, or our largest trading
partners. For example, estimates of the unemployment rate for China are only available
from 2000, and then only for urban areas. Estimates of capacity utilization in Chinese
manufacturing are only available from 2002, and there are still no official estimates of the
level of Chinese real GDP on a quarterly basis that could be used to estimate an output gap
for China.

Figures 8-10 illustrate the data challenge in graphical form. Referring back to the basic
theory, it suggests that the relevant measure of slack in an estimated Phillips Curve is some
sort of trade weighted average of slack in each of our trading partners. Figures 8-10 plot
time series of, ‘

imp;

x(v) = Z —_— % 1H(v), (35)

1€G26 ZieG% 1IMPy

UThrig et al. (2007) specify inflation as a function of lagged inflation, domestic and foreign slack, and
import, energy and food prices.
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where v € {capacity utilization rate in manufacturing, unemployment rate, output gap},
imp! is nominal U.S. imports from country i at date ¢ for the 26 countries (where the euro
area is counted as a single country) that are included in the Federal Reserve Board’s broad
trade weighted value of the dollar index, and ({(v) = 1 if the slack measure v is available
for country i as of date ¢, and ({(v) = 0 otherwise. For example, if we were interested in
slack as measured by the unemployment rate and it were possible to obtain a measure of
unemployment for all of our trading partners for the entire sample period, then z; = 1 at all
dates t. If at the beginning of the period we can only obtain estimates of the unemployment
rate for countries that account for half of our imports, then x; = 0.5 initially. As more
countries start reporting unemployment on a regular basis, z; would rise over time. As
our trade shifts towards countries for which we are unable to obtain the necessary data, x;
will fall. In addition to capturing the availability of slack measures for our various trading
partners, this measure also captures the shifting composition of our imports.

Examination of the Figures shows that over the period since 1970, we can at best measure
the degree of capacity utilization in manufacturing in countries that account for about three
quarters of our imports. Prior to 1985, the best we can do is just over 50 percent. For
unemployment we can do better, but only towards the end of the period. For the output
gap, the situation is in between, with coverage of countries accounting for more than 80
percent of our imports towards the end of the sample.

With these caveats about the coverage of various slack measures in mind, we re-estimated
the simple Phillips Curve specifications for the broader G26 group of countries that supply
most of the U.S.” imports. We limited ourselves to the output gap as the measure of slack,
and the results are reported in Table 4. Figure 11 shows how this measure compares with the
measure for the U.S. and the other countries of the G7. We addressed the tradeoff between
sample size and country coverage by including all countries for which real GDP estimates
are available on a quarterly basis from 1996 on. Note that the coefficient on the foreign
slack measure is statistically significant in three of the four specifications we report, while
the coefficient on the domestic slack measure is not significant in any of the specifications.
Note that our estimate of the foreign output gap in these regressions does not include China,
due to the idiosyncrasies of China’s national accounts, nor, indeed, measures of the output
gap for about 20 to 30 percent (depending on the year) of our trading partners.

So far we have reported simple ordinary least squares estimates of the Phillips Curve
to evaluate the global slack hypothesis, taking lagged inflation as a proxy for expected
future inflation in the various specifications. We can also use the fact that under rational
expectations the forecast error 7y, — By 1 will be uncorrelated with information dated ¢

and earlier to obtain a set of orthogonality conditions that allow us to estimate our most
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general specification of the Phillips Curve (equation (34) above) using the generalized method
of moments (GMM) under the assumption that a fraction (1 — €) of firms engage in producer

currency pricing, while the remainder engage in local currency pricing,

B (Fo= 87 = A [V (5= 52) + Unoe (3 =T ) ((€— € 01— ) .
el ((5 — ¢&)lot, — @Q)D zt} —0, (36)

where z; is a vector of variables dated ¢ and earlier. Table 5 reports the results of estimating
the model using GMM, where the vector of instruments z; includes four lags of the headline
PCE inflation rate, four lags of the cyclical component of the labor share in the U.S., four
lags of the import-weighted labor share in the other (G7 countries, one lag of the output
gap in the U.S., one lag of the trade weighted output gap in our main trading partners
and four lags of the relative price of oil in the U.S. For six of the eight specifications, the
estimated coefficient on the foreign output gap is statistically significant at the 1% level and
of the correct sign, while for only three of the eight specifications is the coefficient on the U.S.
output gap statistically significant. Note also that the coefficients on the foreign output gaps
are statistically significant in two of the four specifications that include the terms of trade
and the real exchange rate as additional explanatory variables, specifically the specifications

for core inflation.

3.1 Discussion

The evidence presented here suggests that the global slack hypothesis has some empirical
content, but it is equally clear that the empirical relationship between the cyclical component
of inflation in the U.S. and measures of foreign slack is fragile. There are a number of
possible reasons for this. There is an element of arbitrariness to the measurement of the
cyclical components of statistical series, and well-known end-of-sample problems that may
be particularly important for the short post-1990 sample period that we focus on for most of
our empirical results. Also, measuring resource utilization, slack or output gaps is challenging
at the best of times. For the emerging market economies that are believed to play such an
important role in the pricing decisions of U.S. firms nowadays, data on aggregate activity
are problematic, and traditional measures of resource utilization such as unemployment
rates or capacity utilization rates in manufacturing are either not available or have very
short histories.

It is also not clear what the relationship is between the conventional statistical measures of

slack we have employed in our empirical analysis and the measures suggested by the modern
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literature. The gap concept in the model outlined above was the deviation of output from its
frictionless level. It is intuitive that the frictionless level of output in such a model will look
a lot different to the sort of smoothed estimate of trend or potential output generated by the
statistical filtering or production function approaches to estimating output gaps. Indeed,
Neiss and Nelson (2003, 2005) show that there is a negative relationship between the New
Keynesian concept of the output gap (the deviation of output from its frictionless level) and
the measure commonly used in empirical research (the deviation of output from a smooth,
possibly time varying, trend).

By way of illustration of the potential importance of the difference between the two
concepts of potential output (the statistical one and the model-consistent one), we simulated
the full model as described in Tables A1-A4 of the Appendix under the producer currency
pricing assumption, and then computed the frictionless level of output implied by the model
and the potential output as measured by the application of the Hodrick-Prescott filter to the
output series generated by the model.'? Figure 12 is an illustrative scatter plot of the two
series of the foreign gap for a sample of 100 periods. For the particular set of parameter values
used to generate these data and a larger sample of 5000 periods, the correlation between the
two series is only 0.05, while the volatility of the model-consistent foreign output gap is merely
0.27 compared with a standard deviation of 0.64 for the Hodrick-Prescott filtered foreign
output. A fuller evaluation of the global slack hypothesis would complete the specification
of the demand side of the model outlined above, include a specification of a rule for monetary
policy, and then take the full system to the data.

In light of the conceptual and measurement challenges associated with estimating Phillips
Curves in terms of domestic and foreign output gaps, it is worth asking whether we can derive
specifications that rely on more easily measured variables such as the terms of trade. Under
the producer currency pricing assumption it is possible to write the terms of trade gap as a

function of domestic and foreign output gaps as follows,

fot, — ot — U_(J_é)(;_g*)(n_n*) (@-3)-@-5)] o

I2We set the structural parameters at 8 = 0.99, vy = ¢ = 5, 0 = 1.5, £ = 0.94, and o = 0.75. These
parametric choices are essentially taken from Chari et al. (2002) and very similar to the set-up for the

closed-economy model of Neiss and Nelson (2003, 2005). Countries are of equal size, i.e. n = 1, and we

maintain home bias in consumption, i.e. (1 —§&) = £*. We assume that the Taylor rule is syn?rnetric in
both countries, inertial, and takes the values estimated for the U.S. by Rudebusch (2006), i.e. p = 0.78,
¥, = 1.33, and ¢, = 1.29. For the AR(1) productivity shock process, we follow Kehoe and Perri (2002)
in setting d 4 = 0.95 and o4 = 0.7 for the persistence and volatility, while we set the correlation between
domestic and foreign innovations at 0.25 as in Chari et al. (2002). For the AR(1) monetary shock process,
we follow Rudebusch (2006) in setting d ) = 0 and oy = 0.38 for the persistence and volatility, while we set

the correlation between domestic and foreign innovations at 0.5 as in Chari et al. (2002).
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Using this expression to eliminate the foreign output gap term from the Phillips Curve in

equation (18) above, we obtain,
T = BBy (Te) + A {(‘P +7) (?jt - iﬁ)
o (7= (7= 1) €= 0= ) (0~ 1) . (3%)

That is, the effects of foreign slack on domestic inflation can be fully captured in principle by
movements in the terms of trade gap. Note that the slope of the Phillips Curve with respect
to domestic slack, A(¢ + 7), is ezactly the same in the open economy and closed economy
specifications (i.e., when & = £ = 1 which defines the closed economy case) when the open
economy version of the Phillips Curve includes the terms of trade gap instead of the foreign

output gap. The expression for the Phillips Curve can be further simplified to,

R = BB (Fen) + Ap +7) [ (5= 5i) — (1= &) (fots — Tk, )| (39)

if we assume no home bias in consumption, & = £*, as Clarida et al. (2002) and Woodford
(2007) do. Note that the terms of trade gap enters with a negative coeflicient whose size
depends on the share of foreign goods in the consumption basket, (1 — &), and the elasticity
of substitution between home and foreign goods, o.

If instead we assume local currency pricing, the relationship between the terms of trade
gap and the output gaps in the domestic and foreign countries includes a term measuring

deviations from the law of one price for foreign goods in the domestic market,

o1
il

T e [ #) ()] -
=) ~

B R oy ey " W

This relationship depends on c?t exclusively because in our framework it can be shown that
(pF —pi') = (b — pi™*) (see, e.g., Engel (2009)) implying that d, = —d. Moreover, we
can derive from the definition of the real exchange rate and the consumption price indexes

the following relationship,

73 = (€ — &)ty — (14 (€ — €))dy, (41)

19 of 50



Authorized for public release by the FOMC Secretariat on 04/29/2016

—

along with the fact that in the frictionless equilibrium 75, = (¢ — &*)fofy. Hence, whenever
¢ # £*, we can rewrite the Phillips Curve in terms of the domestic output gap, the terms of

trade gap and the real exchange rate (net of terms of trade effects) as,
Te = BB (Te1) + A [(90 +7) (??t _§t> -
o (o= (o= ) =€) ta-)) (0 - 0) +
12 (€& ()] (12)
where the composite parameter =, is defined as,
== (090 (T ER ) ) (TR ) vy

_
_ _ o(1-6)+(o—2)(E-€7)(1-n) o—(o-2)(E£)mn*)+2(n—n")
- (‘P(l S +7< o~ (o= 1)E-€)m-n") 1HE-69) -
o (a(15)+(0i)(66*)(1n) ( 17(5—5*)(71—71*))) o ( (L&) ¢ ) ,

o—(o—21) (&€ n—n") (€—=€7)(1+(¢-¢7) (E—€)(1+(¢-£7))

(13)
and U, ,, was defined in (31). The composite parameters on the domestic output gap and
the terms of trade gap are the same as under producer currency pricing, as can be observed
in equation (38).

If we make the additional assumption that there is no home bias in consumption (as do
Clarida et al. (2002) and Woodford (2007)), £ = £, we can derive the corresponding Phillips

Curve in terms of the terms of trade gap as,

Fio= BB Fen) + A +9) | (5 =) — o (1= ) (1ot — Tol) .

—<a(1—§)—;z>ﬁst}. (44)

The composite parameters on the domestic output gap and the terms of trade gap are the
same that follow from equation (42) under no home bias and identical to those of the producer
currency pricing specification in (39), but here the real exchange rate suffices to summarize
the contribution of the deviations of the law of one price.

Once again, the responsiveness of CPI inflation to the domestic output gap is exactly
the same as in the closed economy case (i.e., £ = £ = 1), and the importance of the terms
of trade gap is directly proportional to the importance of foreign goods in the consumption
basket, (1 — &), while the importance of real exchange rate movements that account for

deviations of the law of one price depends on the foreign population size, (1 — n).
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Thus there is an equivalence between expressing the open economy Phillips Curve in
terms of domestic and foreign output gaps, and expressing it in terms of the domestic output
gap, the terms of trade gap and the real exchange rate (net of terms of trade effects). To
the extent that the traditional Phillips Curve literature has included variables such as oil
and commodity prices (whose movements will be highly correlated with the U.S. terms of
trade) or the real exchange rate as right hand side variables since the 1970s, global slack
has been noted and accounted for implicitly as an important determinant of U.S. inflation
dynamics for a long time. More importantly, it tells us that the validity of the global slack
hypothesis cannot be determined solely on the basis of simple least squares regressions of
the sort reported here and elsewhere in the literature. Ultimately what is needed is a more

structural evaluation of the factors influencing inflation dynamics in the open economy.

4 Conclusion

Our objective in this paper has been to show that the global slack hypothesis has analytical
content in the context of at least one widely-used framework for thinking about inflation
dynamics in open economies. We have shown that in theory inflation is less responsive to
domestic slack the more exposed a country is to international trade. We have also shown that
foreign slack does matter for domestic inflation when a country is engaged in international
trade, and the importance of foreign slack increases as the share of consumption devoted to
foreign-produced goods increases. We also provided some empirical support for the global
slack hypothesis, and showed that abstracting from fluctuations in trend inflation (as the
theory suggests is appropriate) is important when evaluating the hypothesis. We also noted
the conceptual difficulties of measuring the output gaps and suggested that terms of trade
(and other international relative prices) may account for some of the foreign influences on
domestic inflation and, therefore, allow us to by-pass some of those measurement problems.

There are several avenues for further research. On the theory side, there are many
potential additional channels through which foreign factors might have an impact on domestic
inflation developments which would be worth modelling. Two that spring to mind are
migration, and international trade in raw materials and intermediate inputs. Recent work by
Cortes (2008) and Tach (2007) has shown how the presence of large immigrant populations
can impact domestic prices. And the surge in global commodity prices in 2007 and 2008 was
a reminder of how price dynamics at all stages of the production chain have been impacted
by the shifting distribution of global economic activity.

The model we sketched out is not well suited to address questions of deep structural

change which are arguably at the heart of the debate about the implications of globalization
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for inflation and monetary policy, and therein lies another potentially fruitful avenue for
future research. In our empirical work we argued that it is important to abstract from
fluctuations in trend when evaluating the global slack hypothesis, but our theory has little
to say about these changes in trend, or whether they might have implications for short
run dynamics. The literature that addresses the potential impact of globalization on trend
inflation that began with Romer (1993) has largely focused on explaining the role of openness
in accounting for cross-country differences in inflation; an extension to account for differences
over time would be a logical next step.

We used theory to motivate very simple ordinary least squares and GMM estimates of
the Phillips Curve, and there is considerable scope for more sophisticated empirical work.
For example, we did not impose any of the parameter restrictions suggested by the theory,
nor did we employ theory-consistent measures of slack in our estimates. We also limited
ourselves to examining the impact of global slack on inflation dynamics in the United States
- a fuller test of the theory would include an analysis of the determinants of inflation in more

open economies as well.
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Data Appendix

All data were obtained from HAVER Analytics database. Below we use the HAVER
mnemonics to describe the exact series we use.
United States:
Personal Consumption Expenditures Price Index - JCBMQUSECON;
Personal Consumption Expenditures less Food and Fnergy Price Index - JCXFEBM@QUSECON;
Real GDP - GDPHQUSECON;
Unemployment rate - LRQUSECON;
Capacity utilization rate in manufacturing - C158BCUQOECDMEI,
Real Fxchange rate - FXTWBCQUSECON;
Terms of trade - JXQUSNA /JM@QUSNA;
Labor share - YCOMPD@QUSNA /GDPQUSECON;
Relative price of oil - JMMP@QUSNA /JCBM@QUSECON.
Japan:
Real GDP - C158GDP@QOECDNAQ);
Unemployment rate - C158URQOECDMEI;
Capacity utilization rate in manufacturing - C158BCUQOECDMEI,
U.S. imports from Japan - M111F158QIMEDOTM;
Share of U.S. imports from Japan - EXWIJAPQUSECON.
Germany:
Real GDP- C134GDPC@OECDNAQ);
Unemployment rate - C134URQOECDMEI;
Capacity utilization rate in manufacturing - C134BCUQOECDMEI,
U.S. imports from Germany - M111F134QIMEFDOTM.
France:
Real GDP - C132GDPC@OECDNAQ;
Unemployment rate - C132URQOECDMEI;
Capacity utilization rate in manufacturing - C132BCUQOECDMEI,
U.S. imports from France - M111F132QIMEFDOTM.
United Kingdom:
Real GDP - C112GDPC@OECDNAQ;
Unemployment rate - S112ELRQ@QG10;
Capacity utilization rate in manufacturing - C112BCUQOECDMEI,
U.S. imports from th eUnited kingdom - M111F112@IMFDOTM,;
Share of U.S. imports from the United Kingdom - FXWIUKQUSECON.
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Italy:

Real GDP - C136GDPCQOECDNAQ;

Unemployment rate - C136URQOECDMEI;

Capacity utilization rate in manufacturing - C136 BCUQOECDMEI,

U.S. imports from Italy - M111F136@IMEFDOTM
Canada:

Real GDP - C156GDPC@OECDNAQ;

Unemployment rate - C156URQOECDMEI;

Capacity utilization rate in manufacturing - C156 BCUNQOECDMEI;

U.S. imports from Canada - M111F156@QIMEFDOTM;

Share of U.S. imports from Canada - FXWICANQUSECON.
Euro area:

Real GDP - J0O25GDPTQEUROSTAT;

Share of U.S. imports from euro area - FXWIEURQUSECON.
Taiwan:

Real GDP - S528NGPC@EMERGEPR:

Share of U.S. imports from Taiwan - FEXWITWNQUSECON.
Hong Kong:

Real GDP - F532NGPCQEMERGEPR;

Share of U.S. imports from Hong Kong - FXWIHKQUSECON.
Malaysia:

Real GDP - F548NGPCQEMERGEPR;

Share of U.S. imports from Malaysia - FXWIMALQUSECON.
Brazil:

Real GDP - S223GPIQEMERGELA;

Share of U.S. imports from Brazil - FXWIBRZQUSECON.
Switzerland:

Real GDP - S146NGPC@(G10;

Share of U.S. imports from Switzerland - FXWISWQUSECON.
Thailand:

Real GDP - S578NGPCQEMERGEPR;

Share of U.S. imports from Thailand - FXWITHAQUSECON.
Philippines:

Real GDP - F566NGPCQEMERGEPR;

Share of U.S. imports from the Philippines - FXWIPHLQUSECON.
Australia:
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Real GDP - C193GDPC@OECDNAQ;

Share of U.S. imports from Australia - EXWIAUSQUSECON.
Indonesia:

Real GDP - F536NGPCQEMERGEPR;

Share of U.S. imports from Indonesia - FXWIINQUSECON.
India:

Real GDP - H533ANGECQEMERGEPR;

Share of U.S. imports from India - FEXWIIND@QUSECON.
Israel:

Real GDP - S436NGPCQEMERGEMA;

Share of U.S. imports from Israel - FXWIISR@QUSECON.
Sweden:

Real GDP - C144GDPC@OECDMEI;

Share of U.S. imports from Sweden - FXWISWD@QUSECON.
Argentina:

Real GDP - S213GPCQEMERGELA;

Share of U.S. imports from Argentina - FXWIARGQUSECON.
Chile:

Real GDP - S228GPCQEMERGELA;

Share of U.S. imports from Chile - FXWICHLQUSECON.
Colombia:

Real GDP - S233GPCQEMERGELA;

Share of U.S. imports from Colombia - FXWICOL@QUSECON.
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Table 1
Phillips Curve regressions for headline and core inflation

(1) m = 0.064m;, 1 — 0.013CUY + 0.220 CUFS
(0.187) (0.036) (0.071)**

Sample period: 1985:1 to 2009:11; R = 0.30; NR? =15.57***

(2) wgore = 0.723 7o — 0.009C U 4 0.043CULS
(0.064)*** (0.015) (0.028)

Sample period = 1985:1 to 2009:1T; R = 0.64; NR? =15.84***
(3) m = 0.687 m +0.127URYS — 0.452 UR{®

(0.076) = (0.081) (0.162) =
Sample period = 1971:1 to 2009:1T; R =0.69; NR? =18.90***

(4) 7o = 0.831 w7 +0.067URYS — 0.231 URSS
(0.061)*** (0.074) (0.117)**

Sample period = 1971:1 to 2009:1T; R =0.84; NR? =9.07*

= 0. 1 —0.0187Y° 72675
(5) me = Q0 — R+ QA

Sample period = 1991:1 to 2009:1T; R = 0.20; NR? =21.80***

6 Core — (0.539 w&ore — 0.12657° + 0.197 7
(6) i (0.104)***7%*1 (0.112)'% +(0.099)*yt

Sample period = 1991:1 to 2009:1T; R = 0.39; NR? =7.16

Notes to Table 1: All regressions include a constant (not reported). Newey-West HAC standard errors in parenthe-
ses. *** denotes significance at the 1% level; ** denotes significance at the 5% level; * denotes significance at the 10%
level. 7, is measured as the annualized quarterly change in the PCE deflator. #5°"¢ is measured as the annualized
quarterly change in the PCE deflator excluding food and energy. CUY® is measured as the rate of capacity utiliza-
tion in US manufacturing. CUC is measured as an import-weighted average of the rates of capacity utilization in
manufacturing in the other G7 countries. URY® is measured as the unemployment rate in the US. UR%® is measured
as an import-weighted average of the unemployment rates in the other G7 countries. §°° is measured as the cyclical
component of US GDP. §° is measured as an import-weighted average of the cyclical component of GDP in the
other G7 countries. Cyclical components are defined using the Hodrick-Prescott filter with smoothing parameter
X = 1600. NR? is the Breusch-Godfrey Lagrange multiplier test statistic for serial correlation up to order 4 which
has an asymptotic x> (4) distribution under the null hypothesis of no serial correlation.
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Table 2

Phillips Curve regressions for cyclical components of inflation

(1) 7y=-0.1327 1 +0. 088CU —I— 0.176 CU
(0.142) (0.068) (0.101)*

Sample period: 1985:1 to 2009:11; r :0.17; NR? =19.36***

(2) 79" = 0.049757¢ 1 0.023CT,  +0.047CT,
(0.107) (0.035) (0.034)

Sample period: 1985:1 to 2009:11; r :0.10; NR? =6.19

(3) = 0307 7 — 0403 UR, — 0.525UR,

(0.110)*** (0.161)** (0.368)

Sample period: 1971:1 to 2009:11; r =0.28; NR? =12.13**

(4) 7E = 0473 7O _0.012UR, — 0.603 UR,

(0.146)*** (0.138) (0.268)**

Sample period: 1971:1 to 2009:11; R =0.38; NR? =2.23

(5) 7= —0.2057, 1 + 0. 182 S+ 0.764 y&°
(0.177) (0.1 ) (0. 316)**

Sample period: 1991:1 to 2009:11; s =0.29; NR? =18.57**

(6) 7= —0.2027°°° — 0.09157° + 0.374 76
(0.106)* (0.07 3) (0. 083)***

Sample period: 1991:1 to 2009:11; r =0.28; NR? =R.09*

Notes to Table 2: All regressions include a constant (not reported). Newey-West HAC standard errors in paren-
theses. *** denotes significance at the 1% level; ** denotes significance at the 5% level; * denotes significance at the

10% level. 7, is measured as the cyclical component of the annualized quarterly change in the PCE deflator. %tc’ore

Us
is measured as the cyclical component of the annualized quarterly change in the PCE deflator. CU " is measured

—G6
as the cyclical component of the rate of capacity utilization in US manufacturing. C'U  is measured as the cycli-
cal component of an import-weighted average of the rates of capacity utilization in manufacturing in the other G7

countries. EEUS is measured as the cyclical component of the unemployment rate in the US. E?EGG is measured as
the cyclical component of an import-weighted average of the unemployment rates in the other G7 countries. gy °
is measured as the cyclical component of US GDP. 5% is measured as an import-weighted average of the cyclical
component of GDP in the other G7 countries. Cychcal components are defined using the Hodrick-Prescott filter with
smoothing parameter A = 1600. Breusch-Godfrey NR? is the Breusch-Godfrey Lagrange multiplier test statistic for
serial correlation up to order 4 which has an asymptotic x?2 (4) distribution under the null hypothesis of no serial
correlation.
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Table 3

Phillips Curve regressions including terms of trade and real exchange rate

(1) 7=-0.33271+0. 097CU —I— 0.120 C'U — 0.330 t/&ft — 0.0107er;
(0.152)** (0.067) (0.072)* (0.069)*** (0.043)

Sample period: 1985:1 to 2009:11; R :0.31; NR? =37.98***

(2) 79 = —0.007777C — 0.001CU,  +0.055CU,  + 0.014i0f; — 0.035 7ér
(0.126) (0.032) (0.036) (0.031) (0.017)**

Sample period: 1985:1 to 2009:11; EQ =0.12; NR? =9.26*

(3) 7= —0.0087, 1 — 0.906 UR —I— 0. 574UR — 0.289 t/&ft — 0.0347rer,
(0.112) (0.247) %+ (0.508) (0.066)*** (0.037)

Sample period: 1973:1 to 2009:11; EQ =0.39; NR? =23.15***

4) %fore = 0.2197??,0{6 — 0. 165UR — 0. 088UR — 0.167 fol; + 0.0037er,
(0.144) (0.174) (0.330) (0.049)**~ (0.021)

Sample period: 1973:1 to 2009:11; R =0.46; NR? =2.54

(5) 7= —0.4727,1 4 0.072575 + 0.6397°6 — 0.265015f0t;, — 0.138 rer,
(0.175)**+ (0.150 (. 331)* (0.090)**+ (0.063)**

Sample period:1991:T to 2009:11; r =0.47; NR? =27.85***

(6) 7= —0.221777¢ — 0.10257° + 0.350 §° +0.011f0t; — 0.040 e,
(0.107)** (. 071) (. 074)*** (0.036) (0.014)**

Sample period: 1991:1 to 2009:11; R =0.31; NR? =7.96*

Notes to Table 3: All regressions include a constant (not reported). Newey-West HAC standard errors in paren-
theses. *** denotes significance at the 1% level; ** denotes significance at the 5% level; * denotes significance at

the 10% level. 7; is measured as the cyclical component of the annualized quarterly change in the PCE deflator.

—US
%tc’ore is measured as the cyclical component of the annualized quarterly change in the PCE deflator. C'U is

measured as the cyclical component of the rate of capacity utilization in US manufacturing. C'U  is measured as

the cyclical component of an import-weighted average of the rates of capacity utilization in manufacturing in the
other G7 countries. ¢ot; is measured as the cyclical component of the US terms of trade (defined as the ratio of the

deflator for exports of goods and services to the deflator for imports of goods and services in the national income and
. . . ——US
product accounts). 7er: is measured as the cyclical component of the real trade weighted value of the dollar. UR

is measured as the cyclical component of the unemployment rate in the US. EEGG is measured as the cyclical com-
ponent of an import-weighted average of the unemployment rates in the other G7 countries. g7 ° is measured as the
cyclical component of US GDP. ¢ is measured as an import-weighted average of the cyclical component of GDP in
the other G7 countries. Cyclical components are defined using the Hodrick-Prescott filter with smoothing parameter
X = 1600. Breusch-Godfrey NR? is the Breusch-Godfrey Lagrange multiplier test statistic for serial correlation up
to order 4 which has an asymptotic x2 (4) distribution under the null hypothesis of no serial correlation.
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Table 4

Phillips Curve regressions including broadest measure of global slack

(1) 7= —0.2177 1 + 0.12457% + 1.236 76
(0.190) (0. 228) (0. 591)**

Sample period: 1996:11 to 2009:1; R =0.30; NR? =1R8.68***

(2) T = —0.22570°° + 0.02057% + 0.347 7%
(0.108)** (0. 082) (0. 121)***

Sample period: 1996:11 to 2009:1; R =0.23; NR? =10.30**

(3) & =—0.4307, 1 +0. 090“” +0.782726 — 0.260 fot, — 0.143 7er,
(0.178)** (0.2 ) (0. 620) (0.114)*+ (0.067)**

Sample period: 1996:11 to 2009:1; R =0.43; NR? =27.25**

4) %fore = —0. 223ACOTe +0.00577° + 0.286 §=2° 0.009&)\75,5 — 0.0307%er;
(0.122)* (0.08 4) (0. 133)** (0.036) (0.017)

Sample period: 1996:11 to 2009:1; R =0.23; NR? =9.86**

Notes to Table 4: All regressions include a constant (not reported). Newey-West HAC standard errors in paren-
theses. *** denotes significance at the 1% level; ** denotes significance at the 5% level; * denotes significance at the
10% level. 7, is measured as the cyclical component of the annualized quarterly change in the PCE deflator. 7F°"° is
measured as the cyclical component of the annualized quarterly change in the PCE deflator. 7 is measured as the
cyclical component of U.S. GDP. 772 is measured as an import-weighted average of the cyclical component of GDP
in the U.S.” main trading partners. We include all trading partners with quarterly real GDP series available from
1996, and allow the weights to change over time to reflect changing trade patterns. The countries included are the
euro area, Canada, Japan, U.K., Taiwan, Hong Kong, Malaysia, Brazil, Switzerland, Thailand, Philippines, Australia,
Indonesia, India, Israel, Sweden, Argentina, Chile and Colombia. fot, is measured as the cyclical component of the
U.S. terms of trade (defined as the ratio of the deflator for exports of goods and services to the deflator for imports
of goods and services in the national income and product accounts). 7er; is measured as the cyclical component of
the real trade weighted value of the dollar. Cyclical components are defined using the Hodrick-Prescott filter with
smoothing parameter A = 1600. Breusch-Godfrey NR? is the Breusch-Godfrey Lagrange multiplier test statistic for
serial correlation up to order 4 which has an asymptotic x?2 (4) distribution under the null hypothesis of no serial
correlation.
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Table 5

GMM estimates of Phillips Curve

(1) 7= 0.659 E7: 1 — 0.048575 + 0.402 &6

(0.155) ==+ (© 127) (©. 389)***
2 Foore — 492 E,7 FCore 12AUS 931 766
@ ((9161?)** et + ? 0 )y * (00039?;***%
(8) o= 0.453 Birir + 0.28557 + 016157 + 0.052(0l, — 0.127 7ér;
(0.170) (0.1 (01 (0.063) (0.049)
(4) 7 = 0.246E7 ] — 0. 015”” 0.248 §F6 4 0.105 fof; — 0.077 reiy
(0.215) (0. 054) (0. 053)*** (0.034)** (0.023)***
(5) 7= 0.765 Em,q + 0.276 57 + 0.379 5526
(0.165)*** (0. 143)* (©. 113)***
6 ~Core — _0.100E.7 ~Core 0.111 ~JS 0.202 ~C96
(6) 7 0153 M1 T (0.046)**.% + (0.037)“*%
Ty = Ty + + Yyt + oty — Q0. rer;
T 0.573 E. 0472 y AUS 0.24279%6 + 0.101f0t 0.121 7er
(0.183)**+ © 167)*** (0.181) (0.088) (0.056)*~
(8) ,ﬁ_\tCOT‘e == —0363Et'ﬁ'\tcf;e + 0. 076/\?5 -+ 0.400 /‘tG26 + 0.124 tOt — 0.102 T@Tt
(0.222) (0.055) (0.080)**+ (0.042) ==+ (0.026)**+

Notes to Table 5: Sample period for equations (1)-(4) is 1992:1 to 2009:1, for equations (5)-(8) is 1996:111 to 2009:1.
*** denotes significance at the 1% level; ** denotes significance at the 5% level; * denotes significance at the 10%
level. 7; is measured as the cyclical component of the annualized quarterly change in the PCE deflator. 75°7° is
measured as the cyclical component of the annualized quarterly change in the PCE deflator. §°° is measured as the
cyclical component of U.S. GDP. 7726 is measured as an import-weighted average of the cyclical component of GDP
in the U.S.” main trading partners. We include all trading partners with quarterly real GDP series available from
1996, and allow the weights to shift over time to reflect changing trade patterns. The countries included are the euro
area, Canada, Japan, U.K., Taiwan, Hong Kong, Malaysia, Brazil, Switzerland, Thailand, Philippines, Australia,
Indonesia, India, Israel, Sweden, Argentina, Chile and Colombia. fot, is measured as the cyclical component of the
U.S. terms of trade (defined as the ratio of the deflator for exports of goods and services to the deflator for imports
of goods and services in the national income and product accounts). 7er; is measured as the cyclical component of
the real trade weighted value of the dollar. Cyclical components are defined using the Hodrick-Prescott filter with
smoothing parameter A = 1600. The instrument set for equations (1)-(4) consists of four lags of the headline PCE
inflation rate, four lags of the cyclical component of the labor share in the US, four lags of the import-weighted labor
share in the other G7 countries, one lag of the output gap in the US, one lag of the output gap in the other G7
countries and four lags of the relative price of oil in the US. We use the same instruments for equations (5)-(8), except
that we replace the lag of output gap in the other G7 countries with one lag of the trade weighted output gap in the
broader group of countries.
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Model parameters

Structural parameters

Intertemporal discount factor

Inverse of the intertemporal elasticity of substitution

Inverse of the Frisch elasticity of labor supply

Elasticity of substitution across varieties within a country
Elasticity of substitution between the home and foreign bundles
Preference of the domestic consumer for home goods

Preference of the foreign consumer for home goods

Domestic population size

Foreign population size

0<p<1
v >0
>0
0>1
o>0
0<é<l
0<¢ <1
0<n<l

O<l—n<«<l1

Calvo price stickiness parameter O<axl
Monetary Policy Parameters

Monetary policy inertia 0<p<l

Sensitivity to deviations from inflation target v, > 1

Sensitivity to deviations from potential output target Y, > 1
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Table Al- Notation

Home Foreign
Real variables
Output of domestic variety A Yi(h) -
Output of foreign variety f - Y(f)
Potential output of domestic variety h Yi(h) -
Potential output of foreign variety f - ?z )
Labor demand for domestic variety h Ly (h) -
Labor demand for foreign variety f - Ly (f)
Aggregate labor supply nLy (1—-n)L;
Consumption of domestic variety A Ci(h) ct(h)
Consumption of foreign variety f Ce(f) Cr(f)
Nominal variables
Price of domestic variety h Pi(h) Pr(h)
Price of foreign variety f P(f) PX(f)
Optimal re-optimzing price of domestic variety h Igt(h) ]3; (h)
Optimal re-optimzing price of foreign variety f Igt(f) Igt* H
Demand of domestic contingent bonds B (wy | wi—1) BE* (wy | wi—1)
Demand of foreign contingent bonds BF (wt | wi—1) BEF* (wt | wi—1)
Contingent bond prices Q (w | wi—1) Q* (wi | wi—1)
Nominal exchange rate St S%g
Profits from domestic variety h I1; (h) -
Profits from foreign variety f - I} (f)
Nominal wage of domestic variety h Wi (h) = Wy -
Nominal wage of foreign variety f - W (f)=w;
Lump sum taxes T: iy
Shocks
Total factor productivity Ag Al
Monetary policy shocks Z zZ}
Useful definitions
Real exchange rate RS; = Sg;f H}S‘t
Terms of trade ToT: = S:IDD# %Tt
Marginal costs (after subsidies) MCy (h) = MCy = % MC} (f)=MC} = %
nlly = [ 11, (h) dh (A —n)Tl; = [ 107 (f) df
Aggregate profits g { P(hynC(h) +SiPE () (L= m)CE ()= ] g L [ LR (NnC (N +PE (A —n) CF () — ] o
0 — (1 +¢y) Wi L (h) Sn — (A + )WLy (f)
Aggregate output nY: = [3' Yi (h) dh A-n)Y; = fl Y (f)df
Aggregate potential output nYs = fon Y (h)dh 1-n) ?: = f;ﬁ ?: (Hdr
— o* -7 *
Intertemporal marginal rate of substitution megrr = 687 (ngf) Pi; m;tJrT =8 ( gtlf> PIEL
Short-term (gross) interest rates 144 = 1 144 =
/ Qwerilws) / Q* (wer1lws)
wyL1€Q wyL1€Q
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Table A2 - Households

Optimization

Home Foreign
too +oo _
[ 1 1—y _ _1 T+ Tl (e, VT oL (px, e
Lifetime utility B 38 [I,V(CHT) T+ (Leyr) By ¥ F7 |15 (€isr) T+ (Tier)
o o
1 a—1 1 o—11=1 1 a—1 1 o—11=1
Aggregate consumption oy = [ga (cff) T +(1-&7 (cf) - ]" cr = [(g*)a (cé‘l*) T +(1-€%)0 (Cf*) - ]a
o o
1 8—1 o—1 1 6—1 —1
Consumption bundle of domestic varieties cfl = [(%)6 SR e () @ an cfl* = [(%)6 o) 0 dn
1 8—1 o—1 1 0—1 —1
Consumption bundle of foreign varieties cf = (ﬁ)e frognTo ar cf* = [(ﬁ)e frery o ar
H for 1 He
P Cy + Q(wpp1 | we) BHE (wepq | we)+ Pc+—/ Q(wep1 | we) B wep1 | we) +
g en@ (et 1 we) BT (wepa | we) FOL L, eq® (Bern [wn) B (g )
Budget constraint +st/ Q* (wegq | wg) BY (wppq | we +/ Q* (weyq | wg) BF* (weyq | wy
erren (e 19e) BT () erren® (ern o) BT (e | o)
H F H F
< S%gB (we lwe1) + B (we lwp 1)+ Wele + T — Tt < S%gB *(wp lwg1)+ BF* (wy | wg1) + WiLy + 1) — 1
Equilibrium conditions
I 1
Consumption price level Py = [5 (ng)lfa+(17§) (PtF)l—a]lfg Py — [&* (PtH*)17”+(1—5*)(P,5F*)17"]1*"
1 1
Price sub-index of the bundle of domestic varieties pH — [% f& Pyt =0 dh] -6 — [a (Ptfil)l*Q T (1 - @) (15,5 (h))lfe] T— pH* = [% 3P (10 dh] -0 _ [a (Pg{*l)l*@ - (Pt* (h))lfe] T—o
iy 1-9 = -0 1% - 1-6 = 1—011i%
Price sub-index of the bundle of foreign varieties pF = [ﬁ Sl pHt-0 df] -6 — [a (Pgil) +(1-a) (Pt (f)) ] -8 PF* = [ﬁ frprpnt-e df] -6 — [a (ptFjl) +(1—a) (Pt* (f)) ] 1-9¢
—0 -0/ pH\ —C « —0 M « —6 / pHe\—T
_ 1 { Pe(n) H _ £ [ Pe(n) Py - _ 1 (PiR) H+ _ &¥ (P{(R) Py *
Demand for domestic variety h Cp(n) =1 <7PtH clH =% T - [ cr (=1 PR clx = & Fre bz c;
—e -8 FN\—c * -8 * * —e Fx\ —0
_ 1 Pe(f) F _ 1-¢ [ Pe(f) Py * _ 1 P (f) Fs« _ 1=¢* (Pf(f) Pt *
Demand for foreign variety f e (5) = 11 ( 2 ol = =5 o 7 [ cr(H =1 o of* = L=% P b ek
Wy W «\Y (e \P
Intratemporal efficiency condition —L = (Cp)T (Lg)¥ =(C L
Pt( ) Py ( ( t)) ( t)
- * -7
Clwgs P(wg) ¥ C{wet1 P*(wy)
Intertemporal effi ciency condition Q(wey1 |we) =8 g (wepr | we), Q* (wet1 | we) =8 + B (wepq | we
( ) Clwg) Plugi1) ( ) ( ) C* (we) P*(wyyq) ( )
e/
International perfect risk-sharing condition RSy = (di)
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Table A3 - Firms

Optimization (potential, without nominal rigidibics)

Profits for irm h

Profits for irm f
Technology

Aggregate demand constraint

Home
(nog (1) + (1 — n) CF* (1)) (P (R) — MCy)

Y (k) = AgLy (R)
nCg (k) + (1 — n) C* (n)

-8 HN\ o Hx\ —C
Py(h P, « (P .
~(5) (3 () Teram s (F) Tar)

Forsign

(nog (Hr+a—nyogr () (P (5) - Mcy)
Y& (F) = AfLE ()
nC (5 + (1 = n) o ()

P -0 . [ PF\TT _ex [ pFr\—C
- (50) (= () et () )

Equilibrium conditions (potential, without nominal rigiditics)

Optimal pricing of irm h
Optimal pricing of irm f

Potential output for irm h
Potential output for irm f

Py (h) = gL MOy
Py (f) =S¢ P (F)
Y (k) = nCd (R) + (1 — n) CF* ()

Pf (h) = g, Pt (h)
P () = gy Moy

Vi) =ncd 5+ —n) cf* (n)

Optimization (POP)

Present discounted value of profits for re-optimizing k

Present discounted value of profits for re-optimizing f

Technology

Aggregate demand constraint

By :rz:)oz aTmy e (R )+ Q=) O ) (By () — MCyy )]

B Y (k) = AgLyg (k)
nCg L, (M + 0 —n)GE ()

~ -0 H —o Hx \ —C
_ (B & (Pitr o 1— oy &5 Bixr o _
~(B2) (E(HE) Tewoamg [(BE) o -

oo _ — —
BT [aTm pnr (087 e (0 4G = m S, () (BE () - picy)]
. YF(f) = AfL} £J;)
nCf . () + @ —n)C% ()

. —o - -
B e (PL T, N e (PO L
PEr "ion | Py, et (-2 T | BF tr
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Table A4 - Policy rules and market clearing conditions

Home Foreign
Policy rules
Fiscal policy o, = % or = -

Monetary policy (Taylor rule)

144, =577 (1+4:1)° R

P, Yo
Py

Yo
Y,

1
v, 117 N
V7 ez e () (

Market clearing conditions

Market clearing for domestic variety h
Market clearing for foreign variety f

Market clearing for domestic labor market

Market clearing for foreign labor market

Yi (k) = nCy (h) + (1 —n) Cf (h)
Vit () =nC () + (1 —n) CE ()

0

Domestic (contingent) bonds market clearing

Foreign (contingent) bonds market clearing

nB™ (Wi |we) + (1 —n) BT (Wi [we) =0
nB" (Wi | wi) + (1= n) B" (wega | wi) =0
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Figure 1

US imports as a share of GDP
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Figure 2
Capacity utilization rates in the US and other G7 countries
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Unemployment rates in the US and other G7 countries
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Figure 4
Output gap in the US and other G7 countries
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Figure 5
Declining importance of G7
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Figure 6
Headline PCE inflation
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Figure 7
Core PCE inflation
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Figure 8
Capacity utilization rate
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Figure 9
Unemployment rate
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Figure 10
Output gap
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Figure 11
Output gap in the US, G6 and G26
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Foreign output gap computed using Hodrick Prescott filter
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Figure 12
Relationship between statistical and model-consistent measures of
foreign slack
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