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1 Introduction

In recent years, the advance of globalization has heightened economists’in-

terest in the effect of trade openness and capital mobility on the slope of the

Phillips curve.

Our aim is to shed further light on this issue. Building on Campbell (2006,

2008a and 2008b), Campbell (2010a) has recently proposed a derivation of

the Phillips curve alternative to the New-Keynesian and sticky information

ones by adopting an effi ciency wages model with imperfect information. This

Phillips curve was named the price-price Phillips curve.1 Our first purpose

is to extend this model from a closed economy context to an open economy

one with both commodity trade and capital mobility. Therefore, this paper

relates to Campbell (2010a) as Razin and Yuen (2002) relates to Woodford

(2003), which focused on the New-Keynesian Phillips curve.

In order to accomplish this task we insert Campbell’s model into an inter-

temporal optimization framework by drawing theoretical insights also from

Danthine and Kurmann (2004) and Obstfeld and Rogoff (1996). In so doing,

with respect to Razin and Yuen (2002) we can highlight further theoretical

mechanisms that can offer an explanation for the existence of a Phillips curve

and how it is affected by opening the trade and capital accounts. These

mechanisms are discussed below. Part of the originality of our analysis,

therefore, consists in bringing together research streams that have to date

proceeded separately.

Moreover, we consider the case of a country (or otherwise a monetary

union) composed of two regions (member states) and we derive the Phillips

curve under these assumptions as well. Considering a monetary union is

interesting because it can be regarded as a limit case of economic integration

of different open economies, as also argued by Guiso et al. (2004) in a different

1Also to distinguish it from the wage-wage Phillips curve proposed by Campbell (2010a)
as well. In this further model, it is wage and not price inflation that is connected to
unemployment within an effi ciency wages/imperfect information framework.
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context. Our purpose here is to understand whether the larger a region is,

the greater its weight in the aggregate Phillips curve.

In general we find that the theoretical results are a priori ambiguous.

However, on adopting parameter values that can be plausible for different

countries, we always find that the reactiveness of inflation to unemployment

increases with openness. Furthermore, in a monetary union, the Phillips

curve unemployment multiplier of a country increases with its share in ag-

gregate long-run output and decreases with its long-run employment share.2

Last but not least, we propose an alternative and simpler procedure with

which to derive the price-price Phillips curve, and we offer a new calibration

strategy based on empirical estimates of Okun’s Law. Finally, we show that

our calibration can furnish guidance for empirical model building and eco-

nomic policy-making, as testified by two empirical applications making use

of the Kalman filter at the end of this work.

In general, our paper is part of a broad research effort aiming to gain bet-

ter understanding of the connection between unemployment and the business

cycle, an unexplored issue in standard New-Keynesian sticky prices/wages

models (Blanchard and Galì, 2010). In particular, we contribute to a sub-

stream of literature nesting effi ciency wages within New-Keynesian models,

as in Danthine and Kurmann (2004, 2010), Alexopoulos (2004, 2006, 2007)

and Vaona (2013a, b).

The present work - as far as our monetary union model is concerned - is

tangential to the stream of literature originated by Benigno (2004), Beetsma

and Jensen (2005) and Lombardo (2006), whose main purpose, however,

is not to explain the slope of the Phillips curve, bur rather to study the

conduct of monetary and fiscal policies in a currency union under different

assumptions regarding the economic structure of the member states.

In regard to small open economy issues, our research is motivated by past

2We identify the long-run structural values with steady state ones as done for instance
by Aghion and Howitt (1998, p. 9).
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mixed results at both the theoretical and empirical levels. Daniels and Van-

Hoose (2009, 2013) have recently offered reviews of the relevant literature.

Path-breaking papers were Romer (1993), Lane (1997) and Karras (1999).

The first contribution interpreted a negative cross-country relationship be-

tween trade openness and the inflation rate as the outcome of reduced gains

for inflationary policy-making resulting from negative terms-of-trade effects

of domestic output expansions. The second contribution stressed that in-

flation surprises can produce smaller output gains when allowing for trade

openness, traded and non-traded goods, imperfect competition and sticky

prices. Finally, according to Karras (1999), wage indexation discourages soft

monetary policies on opening the trade account.

Since Lane (1997), imperfect competition and price/wage stickiness have

been key ingredients of models intended to explain how both trade and cap-

ital openness affect the Phillips curve, such as those proposed by Duca and

VanHoose (2000), Daniels and VanHoose (2006, 2009, 2013), Loungani, Razin

and Yuen (2001), Razin and Yuen (2002) and Razin and Loungani (2005).

These models have often produced a negative connection between economic

openness and the slope of the Phillips curve. This result is reconciled with

the stylized fact that globalization has reduced inflation by arguing that it

has also changed the behavior of central banks by increasing the weight of in-

flation on policy-makers’loss function. In a similar way, according to Gruben

and McLeod (2002, 2004), the greater capital mobility is, the more central

banks are committed to low inflation.

On the empirical side of the literature, Temple (2002) questioned the

robustness of a negative correlation between openness and the slope of the

Phillips curve. Following this contribution, Daniels et al. (2005) and Daniels

and VanHoose (2009) found that trade openness has a positive coeffi cient

in a regression explaining the sacrifice ratio in 58 dis-inflationary periods

in various OECD countries from 1960 through the 1980s, on including an

interaction term between it and central bank independence (CBI). Note that
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these authors use the term "sacrifice ratio" as a synonym for the inverse of

the slope of the Phillips curve.3 In what follows, we too will employ this

expression. Studying a sample of 91 countries from 1985 to 2004, Badinger

(2009) provided empirical support for the reasoning underlying Daniels and

VanHoose (2006) and Razin and Loungani (2005), but not when focusing on

OECD countries only.

This debate has been marked by the presence of skeptical contributions

as well. Terra (1998) and Bleaney (1999) suggested that the trade openness-

inflation relationship is respectively illusory and unstable across time. Ball

(2006) questioned the existence of any link at all between economic openness,

on the one hand, and either the sacrifice ratio or inflation on the other in

the US. On the theoretical side, Cavelaars (2009) challenged the tenet that

central banks are more committed to low inflation in more open economies,

on dropping the small economy assumption and defining increasing openness

as either a fall of trade costs or a decrease in monopoly power.

Given this state of the art, new theoretical models can highlight further

channels through which trade openness and capital mobility can affect the

sacrifice ratio. This is the challenge taken up by the present paper.

The rest of this paper is structured as follows. First, the model is intro-

3From an empirical point of view, the sacrifice ratio is defined, after Ball (1994), as
the ratio of the sum of the differences between trend output and actual output in logs,
at the numerator, and the change in trend inflation during a disinflationary period, at
the denominator. This variable - considering the differential between actual and potential
output - is also interesting for short-run analyses. This is not so for the variable adopted
in Bowdler (2009) and Daniels and Van Hoose (2013) where reductions in trend output
are considered. The former study found, in a sample of 41 countries running from 1981 to
1998, a weak negative correlation of sacrifice ratios with openness, which is not affected by
the kind of exchange rate regime in place. In the latter study the marginal effect of trade
openness at the average value of their CBI index is very close to zero. Furthermore, when
accounting not only for CBI, but also for exchange rate pass-through, greater openness
has an ambiguous effect on the sacrifice ratio. However, these results, given their long-run
nature, cannot be considered as directly relevant to our analysis, which is concerned with
the short-run.
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duced. Thereafter, the trade account of the economy is opened, followed by

the capital one. We then consider a monetary union and offer some numer-

ical results. We next show that our calibrated models can offer informative

priors when analyzing the cases of Denmark and the Eurozone thanks to

the Kalman filter, which is able to keep track of changes in the slope of the

Phillips curve. The last section summarizes our findings and reflects on the

research and policy implications of our work. The Appendix illustrates our

solution procedure.

2 The model

2.1 The households’problem and the government bud-

get constraint

We follow Danthine and Kurmann (2004) by supposing that the domestic

economy is populated by a continuum of households normalized to n, each

composed of a continuum of individuals normalized to 1. The number of

foreign households is instead normalized to 1 − n. Households maximize

their discounted utility

max
{ct+i(h),Bt+i(h),B∗t+i(h),et+i(h),Mt+i(h)}

∞∑
i=0

βt+iE

(
U

{
ct+i (h) , Lt+i (h)G [et+i(h)] ,

Mt+i (h)

Pt+i

})
(1)

subject to a series of income constraints

ct+i (h) =
Wt+i (h)

Pt+i
Lt+i(h) +

Tt+i (h)

Pt+i
− Mt+i (h)

Pt+i
+
Mt+i−1 (h)

Pt+i
+ πt+i (h)− (2)

−Bt+i(h)

Pt+i
+
Bt+i−1(h)

Pt+i
(1 + it+i−1)−

εt+iB
∗
t+i(h)

Pt+i
+ ft+i−1,t+i

B∗t+i−1(h)

Pt+i

(
1 + i∗t+i−1

)
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where β is the discount factor, E is the expectation operator, U is the utility

function, ct+i (h) is consumption by household h at time t + i, Bt+i(h) are

the household’s domestic bond holdings, it+i is the nominal domestic interest

rate, Lt+i (h) is the fraction of employed individuals within the household,

G [et+i(h)] is the dis-utility of effort - et+i(h) - of the typical working fam-

ily member, Mt+i(h) is nominal money balances and Pt+i the price level.

Wt+i (h) and Tt+i (h) are the household’s nominal wage income and govern-

ment transfers respectively. πt+i (h) is the household’s share of firm profits in

real terms. εt is the spot exchange rate and ft+i−1,t+i is the forward exchange

rate for foreign currencies purchased/sold at time t + i− 1 and delivered at

time t+ i. Finally, asterisks denote foreign variables.

In this framework, households, and not individuals, make all the decisions

regarding consumption, domestic and foreign bond holdings, real money bal-

ances and effort. Individuals are identical ex-ante, but not ex-post, given

that some of them are employed - being randomly and costlessly matched

with firms independently of time - and some others are unemployed. The

fraction of the unemployed is the same across all the families, so that their

ex-post homogeneity is preserved.

Note that, as in Danthine and Kurmann (2004), in our model no utility

arises from leisure.4 Therefore individual agents inelastically supply one unit

of time for either work- or unemployment-related activities.5

Building on Danthine and Kurmann (2004) and Campbell (2010a), we

specify G [et+i(h)] as follows

G [et+i(h)] =

{
et+i(h)− ẽ

[
Wt+i (h)

P e
t+i

, ut+i(h)

]}2
(3)

4Lt+i (h) is the fraction of employed individuals within household h, not the working
time of an individual agent.

5This implies that, using the symbology of Campbell (2010a), ψ = 0, where ψ is the
steady state value of the short-run elasticity of labor supply. We also assume parameters
to be chosen so that excess labour supply exists.
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where P e
t+i are price expectations, ut+i(h) = 1−Lt+i(h) is the unemployment

rate within household h and ẽ
[
Wt+i(h)
P et+i

, ut+i(h)
]
is an effi ciency function with

ẽW > 0, ẽu > 0, ẽWW < 0, ẽWu < 0. (3) implies that households face a

trade off. A higher level of effort reduces their utility, but, as customary in

many effi ciency wages model, increasing either Wt+i(h)
P et+i

or ut+i(h) offers more

motivation to exert effort.

Under the hypothesis of an additively separable utility function, house-

holds strike a balance between these two tendencies by maximizing utility

which implies

G′ [et+i(h)] = 0 (4)

and, therefore,

et+i(h) = ẽ

[
Wt+i (h)

P e
t+i

, ut+i(h)

]
(5)

As argued by Campbell (2010a), the reason for inserting price expecta-

tions in the effort function is that workers - primarily concerned with outside

options for their jobs - can use price inflation as a proxy to predict wage

changes at other firms, given that wage inflation and price inflation tend to

be connected and price inflation data are more publicized than wage inflation

data.

The government rebates its seigniorage proceeds to households by means

of lump-sum transfers, Tt (h):

n∫
0

Tt (h)

Pt
dh =

n∫
0

Mt (h)

Pt
dh−

n∫
0

Mt−1 (h)

Pt
dh

where Mt (h) is the money holdings of household h at time t.

Supposing that consumption and real money balances enter (1) in logs,

utility maximization with respect to these two terms leads to a well-known
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money demand function (Walsh, 2003, p. 272):

Mt+i (h)

Pt+i
= ct+i (h)

(
1 + it+i
it+i

)
b (6)

where b is the weight of log real money holdings in the utility function. Note

that, due to symmetry, the h index can be dropped.6

2.2 The final and the intermediate product markets

As is customary in the New-Keynesian literature (see for instance Edge, 2002,

p. 571-72; Walsh, 2003, p. 217-218) we assume the existence of a continuum

of monopolistically competitive firms hiring the homogeneous labour input to

produce a horizontally differentiated output. We also assume that there exist

perfectly competitive intermediaries combining the differentiated output of

firms to produce a homogeneous aggregate final output for the world economy

thanks to a technology with constant elasticity of substitution (CES).

As in Razin and Yuen (2002), solving the profit maximization problem

of the representative intermediary leads to the product demand function for

the j-th domestic firm

yHt (j) = Y W
t

[
pHt (j)

Pt

]−γ
(7)

where yHt (j) and pHt (j) are respectively the output and the price of the j-

th domestic firm, Y W
t is world output, Pt is the aggregate domestic price

index, and γ is the elasticity of substitution of different product varieties in

the CES production function. The demand function of the j-th foreign firm

mirrors (7) . Also note that the number of domestic firms is normalized to

n and that of foreign firms to 1 − n. We consider the small open economy
6Equation (6) does not imply rational expectations. To obtain this equation, one only

has to leave unspecified the expectation operator in the first order conditions for bond and
money holdings.

10



case, namely n → 0 (Obstfeld and Rogoff, 1996, p. 688). Finally Pt ={∫ n
0
pHt (j)1−γ dj +

∫ 1
n

[
εtp

F
t (j)

]1−γ
dj
} 1

1−γ
where pFt (j) is the price of the j-th

foreign firm. We hereafter drop the j index due to symmetry.

Similarly to Campbell (2010a), supposing that monopolistically compet-

itive firms have the following production function

yHt = Aφt L
φ
t

[
ẽ

(
Wt

P e
t

, ut

)]φ
(8)

- with At representing a technology shock and φ being a parameter - their

profit maximization problem can be expressed as

max
{Lt,Wt}

(
Y W
t

) 1
γ

{
Aφt L

φ
t

[
ẽ

(
Wt

P e
t

, ut

)]φ} γ−1
γ

Pt −WtLt (9)

The first order condition with respect to Lt yields labour demand

Lt = W
γ

φ(γ−1)−γ
t

[
φ (γ − 1)

γ

]− γ
φ(γ−1)−γ (

Y W
t

)− 1
φ(γ−1)−γ A

− φ(γ−1)
φ(γ−1)−γ

t · (10)

·
[
ẽ

(
Wt

P e
t

, ut

)]− φ(γ−1)
φ(γ−1)−γ

P
− γ
φ(γ−1)−γ

t

Taking the first order condition with respect to Wt and substituting it

into (10) , one obtains the following condition

Wt

[
ẽ

(
Wt

P e
t

, ut

)]−1
ẽW

(
Wt

P e
t

, ut

)
1

P e
t

= 1 (11)

At this stage, we are ready to linearize equations (6), (10) (11), ut = 1−Lt
and the production function of monopolistically competitive firms around the
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steady state so as to obtain the following system of equations

[φ(γ − 1)− γ] L̂t = γŴt − Ŷ W
t − φ(γ − 1)Ât − (12)

−φ(γ − 1)ẽ−1

[
ẽW

Wss

P ess
Ŵt

−ẽW Wss

P ess
P̂ e
t + ẽudut

]
− γP̂t

dut = −sLL̂t (13)

Ŵt = P̂ e
t +

eu − eWuζ

eWW ζ
2 dut (14)

P̂t = M̂t − ĉt + δı̂t (15)

ŷHt = φÂt + φL̂t + φŴt − φP̂ e
t − φe−1eusLL̂t (16)

where variables with hats denote percentage deviations from steady state

values, sL is the steady state employment rate, dut is the absolute deviation of

the unemployment rate from steady state at time t, the ss subscript denotes

steady state values, and δ is the elasticity of money demand with respect to

the nominal interest rate. Furthermore, in steady state one has ẽẽ−1W = Wss

P ess
=

ζ.7 Note that (13) is our counterpart of equation (17) in Campbell (2010a).

They are different given that - as explained above - we assume the short run

elasticity of labour supply with respect to Wt

P et
to be zero. Consider the case

of a closed economy, where ĉt = ŷHt = Ŷ W
t , and call M̂t = M̂t + δı̂t. On

setting the short-run elasticity of labor supply to zero and imposing ζ = 1,

the system (12)-(16) is mathematically the same as the one used by Campbell

(2010a, b). By taking similar steps to those presented in Campbell (2010b),

one can derive the following equation

P̂t = P̂ e
t − φÂt −

(1− φ)
[
ẽWW ζ

2 − sL (ẽu − ẽWuζ)
]

+ φẽ−1ẽusLẽWW ζ
2

sLẽWW ζ
2 dut

(17)

7We assume Ws

P e
s
= ζ as in Campbell (2011a). This implies a difference between equation

(14) and its counterpart in Campbell (2010a). We thank Carl M. Campbell for pointing
this out.
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We assume with Campbell (2010a, b) that P e
t is a mixture of rational and

adaptive expectations8, namely that P̂ e
t = ωP̂t+(1− ω)

[
P̂t−1 +

T∑
i=1

λi

(
P̂t−i − P̂t−i−1

)]
where 0 ≤ ω ≤ 1 is the degree to which expectations are rational and λi is

the weight of i-th lag in the inflation rate in forming adaptive expectations,

with
T∑
i=1

λi = 1. On this basis, one can derive from (17) a price-price Phillips

curve whose slope is a multiple of the coeffi cient of absolute deviations of the

unemployment rate from steady state in (17) :

P̂t − P̂t−1 = −
(1− φ)

[
ẽWW ζ

2 − sL (ẽu − ẽWuζ)
]

+ φẽ−1ẽusLẽWW ζ
2

(1− ω) sLẽWW ζ
2 dut +

+
T∑
i=1

λi
(1− ω)

(
P̂t−i − P̂t−i−1

)
− φ

(1− ω)
Ât (18)

We now open first the trade account of the economy and then the capital

one.

3 Opening the trade account

On opening the trade account only, ĉt = (1− n)
(
p̂Ht − ε̂t − p̂Ft

)
+ ŷHt , due

to the aggregate resource constraint and to P̂t = n
(
p̂Ht
)

+ (1− n)
(
ε̂t + p̂Ft

)
.

Furthermore, as in Razin and Yuen (2002), Ŷ W
t = nŷHt + (1− n)ŷFt . On this

basis, the Appendix shows that one can follow a procedure similar to but less

8The reasons for not simply assuming either rational or adaptive expectations are
reviewed in Campbell (2011b). Many studies have found that expectations are neither
completely rational (Evans and Gulamani, 1984; Batchelor and Dua, 1989; Roberts, 1997;
Thomas, 1999; Mankiw, Reis and Wolfers, 2003) nor purely adapative (Mullineaux, 1980;
Gramlich, 1983; Baghestani and Noori, 1988). The results obtained by Fuhrer (1997) and
Roberts (1998) support a mixture of rational and adaptive expectations.

13



complicated than Campbell (2010b) to obtain the equation below

P̂t = P̂ e
t −

(
1− n
γ

)(
ŷFt − ŷHt

)
− φÂt − (19)

−
(1− φ)

[
ẽWW ζ

2 − sL (ẽu − ẽWuζ)
]

+ φẽ−1ẽusLẽWW ζ
2

sLẽWW ζ
2 dut

Note that −
(
1−n
γ

) (
ŷFt − ŷHt

)
can be rewritten as (1− n)

(
p̂Ft + ε̂t

)
−

(1− n)
(
p̂Ht
)
by taking the difference between the linearized version of (7)

and its counterpart for ŷFt . Hence this term accounts for changes in the

terms of trade. Although we consider a small open economy, terms of trade

are not exogenous in our setting. Firms in the domestic country are a small

proportion of the worldwide number of firms, however they retain monopoly

power on their products. Hence, differently to Razin and Yuen (2002), in

whose Phillips curve there appears a term accounting for the relative price

of domestic and foreign goods, it is useful to make explicit the connection

between terms of trade and the domestic absolute change in the unemploy-

ment rate. In order to do so, one can, further, substitute equations (13) and

(14) into (16) to obtain

ŷHt = φÂt + φ

[
eu − eWuζ

eWW ζ
2 − (1− e−1eusL)

sL

]
dut (20)

which in its turn can be substituted into (19) to obtain a new version of

equation (17)

P̂t = P̂ e
t −

(
1− n
γ

)
ŷFt + φ

(
1− n
γ
− 1

)
Ât − (21)

−

[
1−

(
1− 1−n

γ

)
φ
] [
eWW ζ

2 − sL (eu − eWuζ)
]

+ φ
[
1−

(
1−n
γ

)]
e−1eusLeWW ζ

2

sLeWW ζ
2 dut

Note that for n = 1, (19) and (21) coincide with (17). The difference

between (21) and (17) consists in both the unemployment rate multiplier
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and the presence of an additional shifter, namely the deviation of foreign

output from steady state. (21) implies that the Phillips curve changes to

P̂t − P̂t−1 =

T∑
i=1

λi
(1− ω)

(
P̂t−i − P̂t−i−1

)
− 1− n
γ (1− ω)

ŷFt +
φ

(1− ω)

(
1− n
γ
− 1

)
Ât−

(22)

−

[
1−

(
1− 1−n

γ

)
φ
] [
eWW ζ

2 − sL (eu − eWuζ)
]

+ φ
[
1−

(
1−n
γ

)]
e−1eusLeWW ζ

2

(1− ω) sLeWW ζ
2 dut

An increase in foreign output moves the Phillips curve downwards because

it produces an increase in labour demand via (12) and therefore a decline in

unemployment through (13).

To understand the change in the slope of the Phillips curve, consider for

illustrative purposes only, an increase in the price level in a closed economy.

This generates a fall in the real wage followed by an increase in the em-

ployment rate and a decrease in the unemployment rate via (12) and (13)

respectively. After Campbell (2006, 2010) ẽW > 0, ẽu > 0, ẽWW < 0, ẽWu < 0

and so ẽWW ζ2−sL(ẽu−ẽWuζ)
sLẽWWζ2

− ẽ−1ẽu T 0. This implies that the unemployment

multiplier in (20) can be either positive or negative, because a lower unem-

ployment rate means a greater labour input but also less effort. Hence a

decrease in the unemployment rate can be associated with either an increase

or a decrease in output, which then can either reinforce or dampen the initial

change in the price level. To summarize

Pt ↑→
Wt

Pt
↓→ Lt ↑→ ut ↓→

{
yt ↑→ Pt ↓ : input effect
yt ↓→ Pt ↑ : effort effect

However, as shown by Campbell (2010a), the slope of the Phillips curve

is, in the end, a priori negative, given the above sign restrictions. Hence

the effort effect of unemployment on output and, therefore, on prices, even

if present, will not be of such a magnitude as to completely offset the labour
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input effect.

Upon opening the trade account, one further transmission channel ap-

pears through the terms of trade. An increase in p̂Ht does not generate

only a fall in the real wage; it also affects the demand for domestic out-

put as implied by (7), given that perfectly competitive intermediaries on

the final product market can substitute it with foreign output. This is a

negative terms of trade effect à la Romer (1993). Once again, given that
ẽWW ζ2−sL(ẽu−ẽWuζ)

sLẽWWζ2
− ẽ−1ẽu T 0, this can either reinforce or dampen the effect

of the fall in the real wage on the unemployment rate. As a consequence,

opening the trade account has an a priori ambiguous effect on the slope of

the Phillips curve. To see this, it is necessary to verify whether the following

inequality between the slopes of (21) and (17) holds

[1− Γφ]
[
eWW ζ

2 − sL (eu − eWuζ)
]

+ φ [Γ] e−1eusLeWW ζ
2

sLeWW ζ
2 > (23)

>
(1− φ)

[
eWW ζ

2 − sL (eu − eWuζ)
]

+ φe−1eusLeWW ζ
2

sLeWW ζ
2

where

Γ ≡
(

1− 1− n
γ

)
< 1 (24)

For (23) to hold, it should be that

e−1eusLeWW ζ
2−
[
eWW ζ

2 − sL (eu − eWuζ)
]

Γ < e−1eusLeWW ζ
2−
[
eWW ζ

2 − sL (eu − eWuζ)
]

(25)

However, the sign of e−1eusLeWW ζ
2−
[
eWW ζ

2 − sL (eu − eWuζ)
]
is ambiguous

and so (24) and (25) can a priori be in conflict.

Proposition 1 Opening the trade account has an ambiguous effect on the
sacrifice ratio implied by the price-price Phillips curve.
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4 Opening the capital account

Upon opening the capital account, we follow Razin and Yuen (2002, p. 6) by

assuming that the product of the discount rate times 1 plus the real interest

rate is equal to one.9 As a result, consumption smoothing can be achieved

and ĉt = 0. Therefore, (15) turns out to be P̂t = M̂t + δı̂t. Under these

assumptions, by following a very similar procedure to that set out in the

Appendix, it is possible to show that (19) does not change.

Proposition 2 Perfect capital mobility in a small open-to-trade economy
does not alter the sacrifice ratio implied by the price-price Phillips curve.

This is because perfect capital mobility does not change either labour

demand or the substitutability of domestic and foreign output. In order

to see the former point, consider the linearized labour demand with trade

openness

γL̂t =
(
ŷFt − ŷHt

)
(1− n) + γ

[
M̂t + δı̂t − (1− n)

(
p̂Ht − ε̂t − p̂Ft

)]
− γŴt

(26)

Substitute in it
(
ŷFt − ŷHt

)
= −γ

(
p̂Ft + ε̂t − p̂Ht

)
and simplify to obtain

γL̂t = γ
[
M̂t + δı̂t

]
− γŴt

Recall that due to the money demand function P̂t+(1− n)
(
p̂Ht − ε̂t − p̂Ft

)
+

Ŷ H
t = M̂t + δı̂t and so

γL̂t = γ
[
P̂t + (1− n)

(
p̂Ht − ε̂t − p̂Ft

)
+ Ŷ H

t

]
− γŴt (27)

Consider now the case of perfect capital mobility. Labour demand is

[−γ]
(
L̂t + Ŵt

)
= −γŷHt + (1− n)

(
ŷHt − ŷFt

)
− γP̂t

9This is also consistent with Obstfeld and Rogoff (1996, Chapter 1).
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Using the equality
(
ŷFt − ŷHt

)
= −γ

(
p̂Ft + ε̂t − p̂Ht

)
and simplifying, one

again obtains (27).10

5 A monetary union

We now consider the case of two regions (member states) within a country

(monetary union), which have two segmented labour markets with different

effort functions, leading to different unemployment rates and real wages. We

further suppose that markets for the final product, bonds and money are

perfectly integrated. No migration is possible - a sensible assumption in the

short run. The total number of households is normalized to 1. A fraction n

of each household is located in region A and the other fraction in region B.

Intra-household transfers, playing a similar role to intra-national remittances,

ensure that consumption is the same in both regions, notwithstanding the

heterogeneity characterizing the labour market. Note that εt = 1.

This assumption is not so implausible for the following reasons. If one

focuses on OECD countries and considers the standard deviation of logged

households’final consumption expenditure per head in PPP adjusted con-

stant 2005 international dollars, one finds that in 2011 it was equal to 0.14

for EMU member states and to 0.35 for the other countries. Therefore, per

capita consumption displays much less variation in the former group of coun-

tries than in the latter one. Furthermore, intra-household transfers play the

role of a risk-sharing mechanism, one of the features of an optimal currency

area, and they allow us to focus on the labour market structure, which is the

main focus of our paper.

As above, firms located in the two regions are symmetric within the region

and they are specialized in goods that are imperfect substitutes. The total

10This result of ours is broadly consistent with empircal findings by Çenesiz and
Pierdzioch (2010), who showed that capital mobility has small effects on labour market
magnitudes.
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number of firms is normalized to 1, with n firms being located in region A and

1− n in region B. Their output is then assembled by perfectly competitive
intermediaries, producing a final homogeneous product.

Under these assumptions, linearized labour demands for the fractions of

households located in the two regions will be

L̂At =
(γ − 1)ŷAt + sAŷAt + sB ŷBt

γ
+ P̂t − ŴA

t (28)

L̂Bt =
(γ − 1)ŷBt + sAŷAt + sB ŷBt

γ
+ P̂t − ŴB

t (29)

where sA =
n(Y Ass)

γ

n(Y Ass)
γ+(1−n)(Y Bss )

γ , sB =
(1−n)(Y Bss)

γ

n(Y Ass)
γ+(1−n)(Y Bss )

γ , where the ss subscript

denotes steady state values. We aggregate the two above labour demands

by using as weights lA = nLAss
nLAss+(1−n)LBss

, lB = (1−n)LBss
nLAss+(1−n)LBss

and we follow a

similar procedure to that set out in the Appendix. In this way we obtain the

following aggregate Phillips curve

P̂t − P̂t−1 =
T∑
i=1

λi
(1− ω)

(
P̂t−i − P̂t−i−1

)
−
[
lA(γ − 1) + sA

(1− ω) γ

]
φÂAt + (30)

+

[
(1− n) lB(γ − 1) + sB

(1− ω) γ

]
φÂBt +

+
1

(1− ω)

[
lA
(
ηA − eA−1eAu −

[(γ − 1)]φηA

γ

)
− sAφηA

γ

]
duAt +

+
1

(1− ω)

[
lB
(
ηB − eB−1eBu −

[(γ − 1)]φηB

γ

)
− sBφηB

γ

]
duBt

with ηj =
eju−ejWuζ

j

ejWW (ζj)
2 −

1−(ej)
−1
ejus

j
L

sjL
, with j = A,B. On this basis, by consid-

ering the first order derivative of unemployment multipliers with respect to

lj and sj with j = A,B, it is easy to show that the weights of the absolute

deviations of regional unemployment rates from their steady state levels may

either decrease or increase with the size of the regions themselves, measured

by either their share in the steady state aggregate employment rate or by the
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share of their output in the CES aggregator leading to the final good.

Proposition 3 In a monetary union/country with perfectly integrated as-
set and product markets, segmented national/regional labour markets and

international/inter-regional private transfers, the link between the size of a

region and its weight in the price-price Phillips curve has an a priori am-

biguous sign.

6 Numerical examples

In the present section, we give some numerical examples obtained by adopting

the four calibrations for the effort function proposed by Campbell (2006). γ

was, instead, set equal to 10 following e.g. Chari, Kehoe and McGrattan

(2000), implying an 11% markup in steady state. Finally, the value of ω was

taken from Campbell (2008).

Table 1 sets out the values that we attached to the parameters and our

results. We only consider the parameters that are relevant to computing the

sacrifice ratio and the connection between output and unemployment devia-

tions from steady state. In all our simulations, economic openness increased

the reactiveness of inflation to unemployment, reducing the sacrifice ratio.

This can be explained by resorting again to the example of an exogenous

increase in the price level, though for illustrative purposes only.

All the above calibrations imply a negative link between output and un-

employment, as the labour input effect prevails over the effort one. Hence

output changes would tend to offset price changes. However, trade open-

ness weakens this countervailing effect, because the smaller n is the smaller

are the fractions of p̂Ht and ŷHt in the price index and in aggregate output

respectively.
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Table 1 - Numerical examples of the effect of openness on the sacrifice ratio

Calibration 1 Calibration 2 Calibration 3 Calibration 4

e 0.8 0.7 0.85 0.8

eu
u
e

0.0638 0.055 0.0672 0.0516

eWW -0.227 -0.0116 -0.0342 -0.00568

eWu -0.395 -0.174 -0.626 -0.160

ω 0.5 0.5 0.5 0.5

φ 0.67 0.67 0.67 0.67

n 0.01 0.01 0.01 0.01

γ 10 10 10 10

u 0.05 0.05 0.05 0.05

Sacrifice ratio

closed economy -0.77 -0.47 -1.03 -0.26

open economy -0.64 -0.40 -0.86 -0.22

% output change

after 1 point -1.30 -2.11 -0.96 -3.85

increase in u

Table 1 also shows that calibration is very important for the present

model. Under the present approach, the effort function is theoretically flex-

ible, but highly parametrized. Small changes in the parameter constellation

can produce sizeable changes in the sacrifice ratio, more sizeable than eco-

nomic openness itself. However, this can hardly be considered a shortcoming

of the model as it can be well adapted to different countries. One strategy

for doing so is to consider the connection between output and unemployment

changes - such as in (20) - which is empirically captured by Okun’s Law. Ac-

cording to Sögner and Stiassny (2010), the coeffi cient in Okun’s Law can

differ across countries. Thus, for instance, Calibration 4 could well suit Nor-

way and Sweden, Calibration 2 Denmark, and Calibration 3 the Netherlands.
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Proposition 4 For plausible parameter values, openness increases the reac-
tiveness of inflation to unemployment in the price-price Phillips curve.

In regard to the monetary union model sketched above, let us maintain

the assumption of a negative link between unemployment and output, as

in Okun’s Law, such that ηj < 0 with j = A,B. Under this hypothesis,

the derivatives of the unemployment multiplier with respect to lj and sj are
1

(1−ω)

{[
1− (γ−1)φ

γ

]
ηj − (ej)

−1
eju

}
and −φηj

γ
1

(1−ω) respectively. This entails

that the unemployment multiplier of a region/member state will increase

with its steady state share of output and decrease with its steady state share

of employment.

Proposition 5 For plausible parameter values, in a monetary union (a coun-
try) the unemployment multiplier of a country (region) decreases with its

steady state share of employment and increases with its steady state share of

output.

7 Empirical applications

In this section, we describe two applications that show the empirical relevance

of our theoretical analysis above. This is particularly important because, for

sake of simplicity, the above models do not consider certain phenomena that

could in fact contribute to shaping the observed Phillips curve: such as, for

instance, structural change, possible reactions of the central bank, or the fact

that globalization has most often affected economies that were already open.

In other words, progressively moving from a fully closed economy, opening

first the trade account and, finally, the capital account is a useful theoretical

research strategy but something that seldom happens in reality. Furthermore,

as discussed in the Introduction, a part of the relevant literature has found

that economic openness reduces the unemployment multiplier in the Phillips

curve, while we find the opposite. For all the above reasons, we show that

our results and calibrations can stand the test of the data.
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We used the Kalman filter and we focused on exploiting time variation

in the data. The Kalman filter is a well-known econometric technique able

to update priors on parameter values when analyzing a data set (Hamilton,

1994, p. 372-408). We analyzed two cases, a small open economy - Denmark

- and the Euro area - partitioning it into a Northern and a Southern part as

is often done in the contemporary macroeconomic debate (De Grauwe, 2011;

Honkapohja, 2013; Gibson et al., 2013).

7.1 The case of Denmark

For Denmark we considered quarterly data from 1983Q2 to 2013Q2. We

focused on equation (22). We measured P̂t as the percentage deviation of

the CPI index from its long-run value, as computed by either the Hodrick-

Prescott or the Band-Pass filter in its Baxter-King fixed length symmetric

version. In the latter case, we used 12 lags and leads to compute the implied

weighted moving average. We tried different filtering techniques because it is

well known that results can be sensitive to them (Canova, 1998). Regarding

ŷFt , we first took the sum of the real GDP in millions of US dollars of the

OECD reference year of all OECD countries but Denmark and, then, we

proceeded in a similar way to P̂t in order to obtain percentage deviations

from long-run values. dut was measured by using a first difference filter on

the unemployment rate at time t. Ât was treated as an exogenous shock.

According to our previous analysis, the unemployment multiplier was taken

to be a function of trade openness (TOt) - measured by the ratio of the sum

of imports and exports over GDP, all in current prices - and openness of the

capital account (KOt). In order to measure this latter variable, we built a

dummy on the basis of the the updated version of the Chinn and Ito (2008)

index, which measures the extensiveness of capital controls based on IMF

information. The dummy variable assumed a value equal to 1 when the Chinn

and Ito index for Denmark reached a value equal to the US one and zero

otherwise. We used OECD data for all our variables except the Chinn and
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Ito index, which can be downloaded from http://web.pdx.edu/~ito/Chinn-

Ito_website.htm. We show our variables in Figure 1, with the exception of

KOt which assumes a value of 1 for t ≥ 1992Q1 and 0 otherwise.

(Insert Figure 1 about here)

In brief our empirical model was

P̂t − P̂t−1 = c1

(
P̂t−1 − P̂t−2

)
+ c2ŷ

F
t + ξtdut + v1,t (31)

ξt = c4TOt + c5KOt + c6 + v2,t (32)

where v1,t and v2,t are zero means stochastic errors with variances exp (c3)

and exp (c7) respectively, ci for i = 1, ..., 7 are parameters to be estimated

and ξt is a time varying parameter (our state variable). On the basis of our

theoretical analysis and of the parameter values set out in Table 1, we could

use some priors regarding c2, c4, c5, c6. In particular, on the basis of the

empirical evidence available in the literature, we noticed that Calibration 2

could well suit Denmark. So, given also (22) , we set our priors for c2 and

c6 respectively equal to -0.18 and -2.5 (in the latter case the inverse of the

sacrifice ratio of an already open economy). Regarding c4, we started with

a value equal to -0.33, which is the difference between the unemployment

multiplier of a closed and an open economy in Calibration 2 of Table 1. In

other words, we made the preliminary assumption that passing from a closed

to an open economy has an effect similar to an increase in trade openness in

an already open economy. Finally we set c5 = 0, on the basis our Proposition

2. Note that we did not test for the order of integration of the variables under

study, because the Kalman filter is a technique suitable for both stationary

and non-stationary data (Pedregal and Young, 2002).

TheMarquardt optimization algorithm converged after one iteration yield-

ing the parameter values set out in Table 2.

24



Table 2 - Kalman filter estimates of equations (31)-(32)

Coeffi cient Point estimates P-values

c1 0.794 0.0000

c2 -0.179 0.0000

c3 -14.272 0.0000

c4 -0.330 0.0000

c5 -0.000 0.8539

c6 -2.499 0.0000

c7 -13.130 0.0000

Final state P-value

ξt -2.842 0.0000

Note: parameter estimates are based on variables

obtained by the band-pass filter. Using the HP filter

would produce almost identical results. Further

details are available from the author upon request.

We project the one-step ahead prediction of ξt in Figure 2. As can be

seen, as the Danish economy progressively opened up to trade, the predicted

unemployment multiplier became more negative; that is, it increased in ab-

solute value.

(Figure 2 about here)

7.2 The case of the Euro area

In this subsection we deal with the case of the dichotomy between Northern

and Southern countries in the Euro area. Though both the journalistic and

academic debates often make reference to this distinction, most studies do

not offer a complete partition of the monetary union. The cases of a selected
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number of countries are instead considered. There is no shared view about

exactly which countries should be the "North" and which ones the "South".

In order to split the Euro area into two parts, we considered the S&P

credit ratings in November 2013. We included in the North countries with at

least A- and in the South countries with lower grades. Therefore, we defined

the "Northern" Euro area as composed of Austria, Finland, Germany, the

Netherlands, Belgium, Estonia, Luxembourg, Slovakia, Slovenia and France.

Greece, Ireland, Portugal, Spain, Italy, Cyprus and Malta were the "South"

(though, per se, Ireland is of course not a Mediterranean country).

Our aim was to bring to the data equation (30). Therefore, our starting

empirical model, on considering Ât as an exogenous shock, was

P̂t − P̂t−1 = c1

(
P̂t−1 − P̂t−2

)
+ ξN,tdu

N
t + ξS,tdu

S
t + v1,t (33)

ξN,t = c3l
N
t + c4s

N
t + vN,t (34)

ξS,t = c6l
S
t + c7s

S
t + vS,t (35)

where v1,t, vN,t and vS,t are zero mean stochastic errors with variances exp(c2),

exp(c5) and exp(c8) respectively and ci for i = 1, ..., 8 are parameters to be

estimated. ξN,t and ξS,t are our state variables. N and S stand for "North"

and "South" respectively.

In this case, for P̂t, we considered quarterly data on the HCPI for the Euro

area, the source being the European Central Bank. From the same source, we

collected data for the unemployment rates and levels of the country members

of the monetary union. From these data, it was possible to derive information

about the labour force and employment and then carry out calculations to

obtain dujt , l
j
t and sjt for j = N,S. Our period of observation was from

2000Q1 to 2013Q2. For the rest, regarding P̂t and du
j
t with j = N,S we

proceeded as in the Danish case.

Recall that sj =
n(Y jss)

γ

n(Y jss)
γ
+(1−n)(Y iss)

γ , l
j = nLjss

nLjss+(1−n)Liss
with j = N,S, i =

N,S and i 6= j. We proxied n, the number of firms, as follows. First we
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computed the average number of self-employed over the period of observation

for each member of the Euro area, and we then took the share of Northern

countries in the total average number of the self-employed - the source being

Eurostat. Unfortunately, data on business demography are still too sparse to

be helpful for our estimates. To obtain the long-run values of the variables

involved in sj and lj for j = N,S we adopted both the HP and the Band

Pass filters, as in the Danish case. γ was taken from Table 1.

Note that sNt turned out to have an average of 0.998, a maximum value

of 0.999 and a minimum value of 0.997. This is because its underlying trans-

formation boosts the weight of Northern countries. The other variables are

shown in Figures 3 and 4. As will be seen, while ∆P̂t - where ∆ is the first

difference operator - did not exhibit any particular trend over the period of

observation, the share in total employment of Northern Euro countries first

shrank and than inflated, the turning point being in 2006Q1. This is mir-

rored by the series of the changes in the unemployment rate in the North and

in the South, which experienced a clear cross-over around the same period.

(Insert Figures 3 and 4 about here)

In order to have priors for ci for i = 3, 4, 6, 7 in equations (33)-(35) , we

first needed to estimate (20) for both the Northern and Southern Eurozone,

so as to be able to initialize ηN and ηS. As a consequence, we also needed

data about ŷNt and ŷSt . Our starting point here was the real GDP of the

two areas under analysis, obtained as the sum of those of the constituent

countries as listed above. Our computing procedure was the same as the one

used for OECD data in the case of Denmark. ŷNt and ŷSt tended to overlap

for a good portion of our data set, with the exceptions of the earlier and the

more recent quarters. In the former ones, the Southern Eurozone tended to

experience larger positive deviations from trend output than the North, while

in the latter period they tended to experience larger negative deviations.
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(Insert Figure 5 about here)

To estimate (20) , we resorted to the two stage least squares approach, in

order to take account of the possible endogeneity of dujt for j = N,S. We

treated Ât as a stochastic error. For the North we had a coeffi cient of -7.09

with a p-value of 0.00. Given the calibration for φ in Table 1, this implied

ηN = −10.58. The Durbin-Watson statistic was 1.89, signalling that resid-

ual autocorrelation hardly affected our estimate and inference. Instruments,

including ŷNt−1, du
N
t−1 and du

N
t−2 were supported by the J-statistic which re-

turned a p-value of 0.34 and by a Cragg and Donald (1993) F-statistic of

18.47, well above the relevant 5% Stock and Yogo (2005) critical value for

relative bias of 13.91. A Durbin-Wu-Hausman test for exogeneity rejected

the null reporting a p-value of 0.01.11

For the South, we obtained a coeffi cient estimate of -2.65 with a p-value

of 0.00, implying ηS = −3.95. The Durbin-Watson statistic was 2. A J-

statistic of 0.01 with a p-value of 0.91 supported our instruments - duSt−3
and duSt−4. Exogeneity was rejected by the Durbin-Wu-Hausman test, which

returned a p-value of 0.01. The Cragg and Donald (1993) F-statistic was

13.29, above the rule of thumb value of 10 proposed by Staiger and Stock

(1997). With two instruments, the Stock and Yogo (2005) critical values for

relative bias are not available.

With the above values for ηN and ηS at hand, considering equation (30)

and Table 1, we formulated priors for our Kalman filter estimates as follows:

c3 = −2.47, c4 = 0.35, c6 = −0.82 and c7 = 0.13.Before moving to estimation,

however, to be noted is that sNt and s
S
t vary little through time. Therefore,

there was little chance of identifying c4 and c7. As a consequence, in our

estimates we imposed the above relevant equalities as restrictions and we

multiplied them by the average values of sNt and s
S
t . Consider also that c6 is

11To facilitate the economic interpretation of our results, consider that unemployment
rates were not multiplied by 100. Therefore, in the North a one point increase in the
unemployment rate translates into a -0.07% deviation of output from its long-run value.
In the South, this deviation is about -0.02%.
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small. It therefore appeared sensible to multiply its value for the average of

lSt and build a prior for a fixed coeffi cient for du
S
t , because the data features

did not make it possible to track the evolution over time of the state variable

ξS,t.

Table 3 - Kalman filter estimates of equations (36)-(37)

Coeffi cient Point estimates P-values

c1 0.35 0.0000

c2 -0.33 0.0000

c3 -17.07 0.0000

c4 -2.47 0.0000

Final state

ξN,t -1.147

Note: parameter estimates are based on variables

obtained by the HP filter. We imposed the restri-

ction vN,t = 0. Using the Band-pass filter would have

produced almost identical results. Further details

are available from the author upon request.

After these considerations our new empirical model was

P̂t − P̂t−1 = c1

(
P̂t−1 − P̂t−2

)
+ ξN,tdu

N
t + c2du

S
t + v1,t (36)

ξN,t = c4l
N
t + 0.35 + vN,t (37)

with two priors c2 = −0.33 and c4 = −2.47. The Kalman filter yielded a

point estimate of c5 - the coeffi cient of the variance of vN,t - equal to -0.28

with a p-value of 0.30. Therefore we imposed the restriction vN,t = 0. Our

new estimates, obtained thanks to the Berndt-Hall-Hall-Hausman algorithm,

converged in 1 iteration, and they are set out in Table 3.
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Figure 6 shows one-step ahead estimates of ξN,t. The unemployment mul-

tiplier of the Northern Eurozone is greater than that of its Southern coun-

terpart. Furthermore, although it decreased in the first half of our sample,

it returned back close to its initial value in the second half of our period of

observation. This entails that aggregate inflation in the Euro area is driven

to a great extent by labour market conditions in Northern countries. As a

consequence, Southern countries may experience large increases in their un-

employment rates (and large welfare losses), before this has an impact on the

aggregate inflation rate. This highlights the need either to consider further

indicators when devising the Union’s monetary policies - such as country

level inflation and unemployment rates - or to strengthen policies of other

kinds - such as regional, fiscal or industrial ones - able to offset welfare losses

arising in the Southern Eurozone from tight control of the aggregate inflation

rate.

(Insert Figure 6 about here)

8 Conclusions

The paper has extended the effi ciency wages Phillips curve proposed by

Campbell (2010a) from a closed economy setting to both a small open econ-

omy and a monetary union one, building on Obstfeld and Rogoff (1996),

Razin and Yuen (2002) and Danthine and Kurmann (2004).

In Razin and Yuen (2002), openness to trade and capital flows affect

the Phillips curve by changing the structure of the product market in the

presence of price stickiness. We have shown here that such changes can affect

the Phillips curve also when it originates from the labour market due to the

existence of effi ciency wages and partially adaptive expectations, though in

the absence of price stickiness. This is important because - as urged by

important recent contributions mentioned in the Introduction - our model,
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differently to that of Razin and Yuen (2002), stressed in the Phillips curve

the unemployment rate more than output deviations from its natural level.

In particular, we have shown that opening the trade account of the econ-

omy exposes the Phillips curve to changes in foreign output, while also af-

fecting its slope in an a priori ambiguous way. Opening the capital account

after opening the trade one has no further effect on the sacrifice ratio. On

exploring a monetary union, or otherwise a country with two regions, the

link between the size of a region and its weight in the Phillips curve is a

priori ambiguous.

Upon calibrating our model building on Campbell (2006), economic open-

ness increased the magnitude of the unemployment coeffi cient in the price-

price Phillips curve. However, the extent to which this happened depends on

deep parameters. The ambiguity mentioned above and the variability of cali-

bration outcomes should not be discarded as useless results. On the contrary,

they may well be at the root of the contrasting results obtained by the empiri-

cal literature. In our view, we have offered theoretical arguments to maintain

that the effect of globalization on the various countries and time periods may

well depend on labour market features, which notoriously change over time

and across countries. In fact, building on empirical results concerning Okun’s

Law, the model can be calibrated to better suit specific countries. Moreover,

our calibrations have proved to be able to furnish informative priors to be

used in empirical applications on using the Kalman filter.

One further implication of the above discussion is that empirical re-

searchers in the field should control for the underlying diversity of countries.

Pooling various countries within a panel model may not be the specification

most suitable for investigating the issues at stake. Poolability tests are highly

recommended (Baltagi, 2005, p. 57-62; for an application see Vaona, 2007).

Contrary to the available literature, our result that economic openness

increases the unemployment coeffi cient prevents us from making any further

assumptions regarding the reasons why inflation decreased as globalization
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deepened: for instance, arguing that the weight of inflation in central bankers’

loss function increased, as mentioned in the Introduction. We have also of-

fered further theoretical grounds for considering changes in the unemploy-

ment rate when modelling inflation dynamics (as in Stock andWatson, 1999).

According to our results, this recommendation of ours applies especially to

small open economies.

Upon considering a monetary union (a country) - on the basis of a nega-

tive link between output and unemployment, as in Okun’s Law - the unem-

ployment Phillips curve multiplier of a country (region) will decrease with

its relative steady state weight in aggregate employment and increase with

the one in output. This implies that when monetary authorities in currency

unions focus only on aggregate inflation, they run the risk of imposing sig-

nificant welfare losses on countries with relative fewer employees. This can

offer guidance to central bankers. For instance, as far as the Euro zone is

concerned, it is well known that, in several respects, the members’business

cycles have not yet synchronized (Gouveia and Correia, 2013; Caraballo and

Efthimiadis, 2012; Koronowski, 2009; Hughes Hallett and Richter, 2008). In

these circumstances, our model implies that the ECB executive board should

not focus only on Northern countries; it should also carefully consider unem-

ployment developments in Southern ones, as also testified by our empirical

results. In principle, similar research and police advice could be given to the

Bank of England regarding Northern and Southern UK.
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10 Appendix: Deriving the effi ciency wages

Phillips curve upon opening the trade ac-

count of the economy

The present appendix focuses on an economy with a closed capital account

and an open trade one, given that a completely open economy is a special case

of what follows. The procedure below is a generalization and a simplification

of the one proposed by Campbell (2010b).

Consider equation (12) and substitute into it (13) , (16) and the condition

ẽẽ−1W = Wss

P ess
to obtain

γL̂t = −γŴt + (1− n)ŷFt + nŷHt + (γ − 1)ŷHt + γP̂t (38)

Further make explicit L̂t + Ŵt in (38) and substitute it with ŷHt
φ
− Ât +

P̂ e
t − e−1eudut from (16) to obtain

P̂t = P̂ e
t − Ât − e−1eudut −

(1− n)

γ
ŷFt −

n

γ
ŷHt −

(γ − 1)

γ
ŷHt +

ŷHt
φ

(39)

Combine equations (13) , (14) and (16) to obtain

ŷHt = φÂt + φ

[
eu − eWuζ

eWW ζ
2 − (1− e−1eusL)

sL

]
dut (40)

Substitute (40) into (39) to obtain (21).
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Figure 1 - Summary of Danish data (1983Q2-2013Q2) 
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Figure 2 - One-step ahead prediction of t for Denmark 

 

Note. t is the unemployment multiplier in the price-price Phillips curve 
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Figure 3 - Summary of Euro area data (2000Q1-2013Q2) 

 

.56

.57

.58

.59

.60

.61

00 01 02 03 04 05 06 07 08 09 10 11 12 13

Weighted share of northern Euro countries in total Union employment (Band-pass filter)

Weighted share of northern Euro countries in total Union employment (HP filter)

-.012

-.008

-.004

.000

.004

.008

.012

00 01 02 03 04 05 06 07 08 09 10 11 12 13

First difference of the percentage deviation of HCPI from its Band-pass-filtered component

First difference of the percentage deviation of HCPI from its HP-filtered component



Figure 4 - Change in the unemployment rate in northern and southern Euro areas (2000Q1-2013Q2) 
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Figure 5 - Percentage deviations of real GDP from its trend in northern and southern Euro areas (2000Q1-2013Q2) 
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Figure 6 - One step ahead estimates of N,t (2000Q3-2013Q2) 

 

Note: of N,t is the unemployment multiplier of Northern Euro countries in the aggregate Eurozone price-price Phillips curve. 
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