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The proposition exam
ined in this paper is that there exists a long-run relationship in the sense

proposed by Engle and G
ranger (1987) w

here the m
arkup decreases as inflation increases and

vice versa. 1  This paper estim
ates this relationship using data from

 the G
7 econom

ies and

A
ustralia.  A

 central feature of our analysis is that the level of prices and costs m
ay be taken

to be integrated of order 2, denoted I(2), for the purposes of m
odelling.  In other w

ords, both

the differences of prices and costs and their levels that com
prise the m

arkup display persistent

behaviour over the sam
ples investigated.  This requires us to m

ake use of recently developed

techniques for the estim
ation of I(2) processes developed by Johansen (1995a, b) inter alia.

B
énabou (1992) argues w

ithin a price-taking m
odel that higher inflation leads to greater

com
petition and therefore a low

er m
arkup.  In contrast, R

ussell, Evans and Preston (1997),

C
hen and R

ussell (1998) and Sim
on (1999) focus on the difficulties that price-setting firm

s

face w
hen adjusting prices in an inflationary environm

ent w
here there is m

issing inform
ation.

In this case the low
er m

arkup w
ith higher inflation is interpreted as the higher cost of

overcom
ing the m

issing inform
ation w

ith higher inflation.  Im
portantly, R

ussell et al. and

C
hen and R

ussell argue that inform
ation rem

ains m
issing in the steady state and that the

relationship betw
een rates of steady state inflation and the m

arkup w
ill also rem

ain in the

steady state. 2

                                                                                                                                                       

1 
The logarithm

 of the m
arkup, m

u
, is defined as 

=

−
≡

ni
i

i c
p

m
u

1 ψ
 w

here p
 and the 

i
c

’s are the

logarithm
s of prices and the costs of production respectively, and 

1
1

=
= ni

i
ψ

.  If the latter condition is not

satisfied then the relationship betw
een prices and costs cannot be term

ed the m
arkup.

2 
The steady state is defined as all nom

inal variables grow
ing at the sam

e constant rate.
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B
anerjee, C

ockerell and R
ussell (1998) investigate the proposition using A

ustralian inflation

data and find strong em
pirical support of the proposition. A

n im
portant question is w

hether

the findings in B
anerjee et al. are in som

e w
ay peculiar to the A

ustralian data.  The

‘peculiarity’ of the data m
ay be due to the nature of the shocks encountered over the sam

ple

exam
ined, the behaviour of the A

ustralian m
onetary authorities or the structure of the

econom
y.  A

lternatively, the findings m
ay be applicable to developed w

estern econom
ies in

general w
hen inflation is non-stationary.  To this end w

e proceed to exam
ine the proposition

for the G
7 econom

ies and A
ustralia.

The em
pirical investigation proceeds in tw

o stages.  First w
e estim

ate an I(2) system
 for each

econom
y of the core variables of interest, nam

ely prices and costs.  Except for Japan, w
e find

that a polynom
ially cointegrating relationship is present betw

een the level of the m
arkup and

the changes in the core variables. 3  H
aving obtained an estim

ate from
 the I(2) analysis of the

long-run relationship betw
een the m

arkup and general inflation of the core variables, w
e

proceed to estim
ate an I(1) system

 in order to obtain the direct relationship betw
een price

inflation alone and the m
arkup.  The estim

ated I(1) system
 is a particular and full reduction of

the I(2) system
 and corroborates the findings in the I(2) system

.

W
hile differences em

erge betw
een the econom

ies, the finding of polynom
ial cointegration for

the G
7 econom

ies and A
ustralia is rem

arkably robust.  The only exception is Japan w
here the

levels of prices and costs cointegrate to an I(1) variable but it cannot be interpreted as the

m
arkup.  Therefore, it appears that except for Japan the proposition that there exists a

                                                                                                                                                       
3 

Polynom
ial cointegration occurs w

hen the cointegrated levels of the data cointegrate w
ith the differences in

the levels.  In our case the I(2) levels of prices and costs cointegrate to the m
arkup w

hich is I(1) and the

m
arkup then cointegrates w

ith inflation w
hich is also I(1).  For a detailed discussion concerning polynom

ial

cointegration see Johansen (1995b).

 3

negative long-run relationship betw
een inflation and the m

arkup is consistent w
ith the data in

the G
7 econom

ies as w
ell as in A

ustralia.

2
A

N
 IM

PE
R

FE
C

T
 C

O
M

PE
T

IT
IO

N
 M

A
R

K
U

P M
O

D
E

L
 O

F PR
IC

E
S

W
e propose estim

ating an im
perfect com

petition m
arkup equation in the Layard / N

ickell

tradition for the eight econom
ies. 4  It is assum

ed that in the long-run firm
s desire a constant

m
arkup, q

, of prices, p
, on unit costs net of the cost of inflation.  Short-run deviations in the

m
arkup are due to the business cycle and non-m

odelled shocks.  For an open econom
y the

m
ain inputs are labour and im

ports and w
e can w

rite the inflation cost long-run m
arkup

equation as: 5

(
)

p
q

pm
ulc

p
m

u
∆

−
=

−
−

−
=

λ
δ

δ
1

(1)

w
here ulc and pm

 are unit labour costs and unit im
port prices respectively and δ

 and λ
 are

positive param
eters.  Low

er case variables are in logarithm
s and ∆

 represents the change in

the variable.

W
hen the inflation cost coefficient, λ

, is zero, inflation im
poses no costs on the firm

 in the

long-run and the long-run m
arkup equation collapses to the standard Layard / N

ickell m
odel.
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For the standard Layard / N
ickell m

odel see Layard, N
ickell and Jackm

an (1991) or C
arlin and

Soskice (1990).  For a detailed discussion of em
pirical m

odels relating the m
arkup w

ith inflation see

C
ockerell and R

ussell (1995) and B
anerjee et al. (1998).

5 
B

anerjee et al. (1998) derives equation (1) and considers in som
e detail issues concerning the integration

properties of the data.  The form
 of the long-run price equation is a generalisation of that estim

ated in

de B
rouw

er and Ericsson (1998).  Tw
o other papers estim

ating m
arkup m

odels of inflation are R
ichards and

Stevens (1987) and Franz and G
ordon (1993).
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In the m
ore general case w

hen 
0

>
λ

 inflation im
poses costs on the firm

 in term
s of a low

er

m
arkup net of the cost of inflation. 6  This is given by 

p
q

∆
−

λ
.

The coefficients δ
 and 

δ−
1

 in (1) are the long-run price elasticities w
ith respect to unit

labour costs and im
port prices respectively.  Linear hom

ogeneity is im
posed as the

coefficients sum
 to one so that 

q
 represents the m

arkup of prices on costs.  Linear

hom
ogeneity suggests that all else equal an increase in costs is fully reflected in higher prices

in the long-run leaving the m
arkup unchanged.

2.1
The I(2) System

The I(2) system
 analysis is an extension of the now

 standard I(1) system
 analysis.  For a

detailed theoretical outline of the I(2) analysis see H
aldrup (1998), Johansen (1995a, b) and

Paruolo (1996).  A
lternatively, for a brief ‘penetrable’ survey of the I(2) theory in relation to

the m
odel estim

ated here see B
anerjee et al. (1998).  O

ther em
pirical applications of the I(2)

theory can be found in Engsted and H
aldrup (1998) and Juselius (1998).

For illustration, suppose the long-run price equation can be w
ritten as a second order vector

autoregression of the core variables, 
t

x
, of dim

ension 
1×

n
:

t
t

t
t

t
D

x
x

x
ε

µ
+

+
Φ

+
Π

+
Π

=
−

−
2

2
1

1
(2)
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The long-run price equation (1) cannot be strictly true as it im
plies that the m

arkup approaches zero as

inflation tends to an infinite rate.  R
ussell (1998) overcom

es this problem
 by specifying the cost of inflation

in the form
; 

(
)

[
]

φ
λ

+
∆

∆
p

p
 w

here φ
 is trend productivity.  C

onsequently, as inflation tends to an

infinite rate the cost of inflation approaches λ
.  It is assum

ed that the proposed log-linear m
odel of

inflation costs is a fair approxim
ation of the ‘true’ relationship over the sm

all range of inflation experienced

by the econom
ies exam

ined.

 5

w
here µ

 is a vector of unrestricted constant term
s and 

t
D

 is a vector of predeterm
ined

variables that are assum
ed not to enter the cointegration space and on w

hich the em
pirical

analysis is conditioned.  The low
er case variables are in logs and in our case 

3
=

n
 and the

core variables, 
t

x
, are the price level, unit labour costs and im

port prices.  It is assum
ed that

the variable 
t

ε
 is a 

−
n

 dim
ensional G

aussian vector of errors.

The I(2) analysis provides us w
ith the orthogonal decom

position into the I(0), I(1) and I(2)

relationships of the data w
ith dim

ensions, r, s and 
s

r
n

−
−

 respectively.  Furtherm
ore, the

num
ber of polynom

ially cointegrating vectors is equal to the num
ber of I(2) trends, 

s
r

n
−

−
.

2.2
The D

ata

The data are quarterly, seasonally adjusted and taken from
 the June 1997 O

EC
D

 D
ata

C
om

pendium
. 7  The length of the data sam

ple for each econom
y is the m

axim
um

 possible

from
 that source given the series involved.  W

est G
erm

an data is used for G
erm

any to avoid

data problem
s associated w

ith the reunification w
ith East G

erm
any.

Except for the U
nited States the price index is the private consum

ption im
plicit price deflator

at ‘factor cost’.  8 U
nit labour costs are calculated as total labour com

pensation divided by

constant price G
D

P.  Im
port prices is the im

plicit price deflator for the im
ports of goods and

services.
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See the data appendix for further details.

8 
The private consum

ption im
plicit price deflator at ‘factor cost’ is calculated as: 

(
)

tax
P

P
M

P
+

=
1

 w
here

M
P

P
 is the consum

ption im
plicit price deflator at m

arket prices and tax
 is the proportion of indirect tax

less subsidies in nom
inal G

D
P. W

hile the ‘factor cost’ adjustm
ent is theoretically necessary in practice it

has little im
pact on the results.
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The consum
ption deflator at factor cost w

as initially used for the U
nited States but gave

conflicting results.  W
hile the I(2) analysis indicated that the level of prices and costs w

ere

best described as I(2) statistical processes, there w
ere a num

ber of indicators to suggest that

these series did not cointegrate to the m
arkup.  A

s the ‘no m
arkup’ result is not useful in

investigating the proposition, the G
D

P im
plicit price deflator at factor cost w

as used. 9

The predeterm
ined variables are the log change in the unem

ploym
ent rate and a num

ber of

spike intervention dum
m

ies to capture the som
etim

es erratic short-run w
age and price

behaviour of firm
s and labour. 10  This is especially the case during the O

PEC
 oil price shocks

and large shifts in exchange rates and tax regim
es.  A

 step dum
m

y is introduced for the period

leading up to M
arch 1968 for the U

nited States, M
arch 1975 for France, and M

arch 1970 for

C
anada.  These capture a level shift in the m

arkup that is observable in the data and can be

interpreted as reflecting a shift in the com
petitive environm

ent in these econom
ies.  Further

details of the pre-determ
ined variables are available in A

ppendix B
.

The log change in the unem
ploym

ent rate represents the business cycle in the m
odel. A

n

alternative 
specification 

of 
the 

em
pirical 

m
odel 

w
ould 

be 
to 

include 
the 

level 
of

unem
ploym

ent in the cointegrating space as an endogenous or exogenous variable.  H
ow

ever,

it is not clear w
hat the econom

ic relationship betw
een the m

arkup, inflation and the level of

unem
ploym

ent w
ould be in the long-run.  There is som

e indication that the relationship m
ay

be highly non-linear and m
ay differ substantially am

ong econom
ies.  Furtherm

ore, such an

inclusion w
ould alter the interpretation of this variable from

 that of an indicator of the

business cycle.  It w
as therefore decided to allow

 for the effects of the business cycle by

                                                                                                                                                       
9

The failure to estim
ate the m

arkup using the consum
ption deflator m

ay be because the unit labour cost

variable is for the w
hole econom

y and a poor proxy for unit labour costs associated w
ith consum

ption

expenditures for the U
nited States.

 7

conditioning on a stationary pre-determ
ined variable given by the log change in the

unem
ploym

ent rate and its lags.  The data appendix describes in m
ore detail the data and its

sources.

The integration properties of the data w
ere investigated using PT and D

F-G
LS univariate unit

root tests from
 Elliot, R

othenberg and Stock (1996). 11  Prices are clearly I(2) except for Japan

and W
est G

erm
any w

hich are m
arginally I(2).  Sim

ilarly unit labour costs are m
ostly I(2) or

m
arginally I(2).  O

ne exception is A
ustralia w

here it appears that unit labour costs m
ay be

I(1).  The tests also indicate that im
port prices m

ay be I(1) for m
any of the econom

ies.

H
ow

ever, univariate tests of the logarithm
 of the ratios of prices to unit labour costs and

prices to im
port prices show

 clear acceptance of the hypothesis that they are I(1) w
hich can

occur only if all the core variables are I(2), given that prices are I(2).  C
onsequently w

e

proceed under the assum
ption that the core variables are I(2).  This assum

ption is supported

by the I(2) and I(1) system
s analysis below

 w
here the results are consistent only w

ith the

assum
ption that the core variables are I(2).  Finally, the log of the unem

ploym
ent rate is found

to be best described as an I(1) variable.

2.3
The I(2) System

 R
esults

Table 1 show
s the results of the joint trace tests for determ

ining r and s for the eight

econom
ies. In the case of the U

nited States, Japan, G
erm

any, France and the U
nited K

ingdom

the hypothesis of 
1=

r
, 

1=
−

−
s

r
n

 is accepted and our findings are corroborated by looking

                                                                                                                                                       

10 
Three lags of the unem

ploym
ent variable are initially incorporated w

ith insignificant term
s subsequently

excluded.

11 
These results are available on request from

 the authors.
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at the roots of the com
panion m

atrix (see A
ppendix B

). 12 The results therefore show
 that the

levels of prices and costs in each of these econom
ies contain an I(2) trend. M

oreover, since

1=
r

 there is only one cointegrating vector and hence it is of the polynom
ially cointegrating

type.

For the rem
aining econom

ies, Italy, C
anada and A

ustralia, there is a m
arginal rejection of

1=
r

, 
1=

−
−

s
r

n
.  H

ow
ever w

e choose to accept this null hypothesis since the critical values

on w
hich inference is based are asym

ptotic and have been com
puted under the assum

ption

that there are no pre-determ
ined variables, including dum

m
ies, in the system

.  N
ot only w

ould

taking account of pre-determ
ined variables raise the critical values (thereby leading to

acceptance of the m
aintained hypothesis), the evidence from

 the roots of the com
panion

m
atrix for these econom

ies are unam
biguously in favour of our hypothesis. 13  The subsequent

I(1) system
 analysis in the next section confirm

s these results.

Im
posing 

1=
r

 and 
1=

−
−

s
r

n
 on each system

 im
poses a polynom

ial cointegrating vector on

the analysis in each case.  Table 2 reports the norm
alised cointegrating vectors w

ith linear

hom
ogeneity im

posed for each econom
y.  Except for Japan the hypothesis of linear

                                                                                                                                                       
12 

The 90 %
 and 95 %

 critical values for the case of no pre-determ
ined variables are taken from

 Paruolo

(1996) and are reported in the table below
.  The 95 %

 critical values are in italics. O
ther critical values are

available in tables com
piled by R

ahbek, JØrgensen and K
ongsted (1998) and Johansen (1995b).

C
ritical V

alues for the Joint Trace Test Q
(s, r)

n-r
r

3
0

66.96
70.87

47.96
51.35

35.64
38.82

26.70
29.38

2
1

33.15
36.12

20.19
22.60

13.31
15.34

1
2

11.11
12.93

2.71
3.84

n-r-s
3

2
1

0
13 

The m
oduli of the first four roots are 1.0, 1.0, 1.0, 0.7144 for Italy, 1.0, 1.0, 0.9881, 0.8161 for C

anada and

1.0, 1.0, 0.9417, 0.6533 for A
ustralia under the assum

ption of 
1=

r
.  A

 finding of 
0

1=
−

−
r

n
 w

ould

therefore not be consistent w
ith the third root of close to unity for these econom

ies if 
1=

r
 is m

aintained.

 9

hom
ogeneity is accepted and, therefore, the levels of prices and costs cointegrate to the

m
arkup in the polynom

ially cointegrating vector.

For Japan, G
erm

any, France and C
anada im

port prices enter the m
arkup w

ith an insignificant

coefficient.  The analysis is therefore re-estim
ated excluding im

port prices and the results of

the joint trace tests for the tw
o variable system

s are reported in Table 1 and again support the

hypothesis that 
1=

r
 and 

1=
−

−
s

r
n

. R
eported in Table 2 are the norm

alised cointegrating

vectors.  The results now
 hold as before for G

erm
any, France and C

anada but the estim
ated

coefficients for Japan are not interpretable as the m
arkup since the test for linear hom

ogeneity

continues to be rejected strongly.

Since the steady state is defined by the condition 
pm

ulc
p

∆
=

∆
=

∆
 w

e see in Table 2 that for

the econom
ies w

here the m
arkup is defined, the sum

 of the coefficients on the difference

term
s is negative.  This im

plies that there is a negative relationship betw
een general inflation

and the m
arkup in the long-run.

3
E

ST
IM

A
T

IN
G

 T
H

E
 I(1) SY

ST
E

M

The 
I(2) 

analysis 
provides 

estim
ates 

of 
polynom

ial 
cointegration 

betw
een 

a 
linear

com
bination of the m

arkup and the differences in the core variables.  In an econom
ic sense it

is necessary for 
pm

ulc
p

∆
=

∆
=

∆
 in the very long-run.  H

ow
ever, the m

ethod of sum
m

ing

the coefficients on the difference term
s provides only an approxim

ate estim
ate of the

relationship betw
een inflation and the m

arkup, given that the variables m
ay grow

 at different

rates over the finite sam
ples.  Furtherm

ore, the theoretical m
odels of R

ussell et al. (1997) and

C
hen and R

ussell (1998) posit a long-run relationship betw
een the m

arkup and steady state

price inflation alone.
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H
aving established polynom

ial cointegration in the I(2) analysis, a particular reduction to I(1)

space helps us establish the relationship of prim
ary concern to us, nam

ely; betw
een price

inflation and the m
arkup.  In order to im

plem
ent this reduction w

e m
ake use of the result that

the decom
position into the I(0), I(1) and I(2) directions is an orthogonal one.

In particular, the vectors 
1

β
′ and 

2
β

′ lie in the space orthogonal to 
3

β
′.  Thus if 

(
)b

a,
,1

3 ≡ ′
β

,

then a basis for the space orthogonal to 
3

β
′ is given by the m

atrix 

�

� � � �� �

−
−

=

b
a

H
1 0 1

0 1 1
.

Therefore 
�

� �� �

∆ ′ ′

t tx
f

x
H

, w
here f

 is any 3 × 1 vector that satisfies the restriction that 
0

3
≠

′β
f

,

provides the transform
ation to I(1) w

hich keeps all the cointegrating and polynom
ially

cointegrating inform
ation.  H

ence if w
e take 

f
 to be (

) ′
0,

0,
1

, then the trivariate system

given by 

�

� � � �� �

− − ∆
=

� � � �

� � �� �
∆

t
t

t
t

t

t

t

t

pm
b

p

ulc
a

p
p

rer
m

ulc p

1 1
 is a valid full reduction and under linear hom

ogeneity

1=
=

b
a

. 14 Furtherm
ore w

e can retrieve the im
plicit m

arkup of prices on unit costs from
 this

I(1) system
 by rearranging the estim

ated long-run or cointegrating relationship. 15

Tests of the num
ber of cointegrating vectors in the I(1) system

 (
) ′

∆
t

t
t

rer
m

ulc
p

,
,

 show
 that

except for the U
nited States the hypothesis of one cointegrating vector is accepted. 16  For the

U
nited States there is a m

arginal rejection of the hypothesis although the eigenvalues of the

                                                                                                                                                       
14 

H
ans C

hristian K
ongsted suggested this transform

ation in B
anerjee et al. (1998).

15 
The m

arkup of prices on im
port prices m

ight be loosely referred to as the ‘real exchange rate’ due to its

sim
ilarity w

ith the relative price of traded and non-traded goods as used by Sw
an (1963) as a m

easure of the

real exchange rate in his classic article.

16 
A

ppendix C
 reports the results of the I(1) analysis in m

ore detail.

 11

com
panion m

atrix strongly support the finding of 1 cointegrating vector.  G
iven also the

argum
ent in Section 2.3 that the critical values are likely to be affected by the presence of

dum
m

y variables w
e proceed on the basis of one cointegrating vector for all the econom

ies.

Table 3 reports the adjustm
ent coefficients and the error correction term

s for each econom
y.

W
e see that the EC

M
 appears strongly in each of the ‘m

arkup’ equations and, except for Italy,

is insignificant in the ‘real exchange rate’ equations. W
e see also that the adjustm

ent

coefficient in the ‘M
arkup Equation’ is on average three tim

es that in the ‘Inflation Equation’.

This suggests that w
hen these econom

ies are shocked aw
ay from

 the long-run relationship,

adjustm
ent back to equilibrium

 is m
ore through changes in the m

arkup, via the goods and

labour m
arkets, than by changes in the rate of inflation through actions of the m

onetary

authorities.

Table 4 reports the im
plicit long-run price elasticities w

ith respect to costs from
 the I(1)

analysis and the equivalent estim
ates from

 the I(2) analysis.  A
lso show

n are the estim
ated

inflation cost coefficients, λ
, from

 the I(1) and I(2) analyses. 17  The long-run im
pact of a one

percentage point increase in annual steady state inflation on the m
arkup is show

n in the final

colum
n and range betw

een 
3.

0
 percent for the U

nited States and 2
 percent for Italy.  It

appears likely, therefore, that the long-run relationship betw
een inflation and the m

arkup is

im
portant in an econom

ic sense.

4 
C

O
N

C
L

U
SIO

N

O
ne explanation of the negative long-run relationship in the data is that the 1970s w

ere a

period w
hen supply shocks from

 the energy and labour m
arkets w

ere very prevalent.  The low

m
arkup, therefore, sim

ply reflects the lags in price adjustm
ent follow

ing the shocks. The

                                                                                                                                                       
17 

The latter are an approxim
ation calculated by assum

ing 
pm

ulc
p

∆
=

∆
=

∆
 for each econom

y in Table 1.
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adjustm
ent appears to be very slow

 for econom
ies w

ith little or no price controls.  In m
ost

cases the relatively low
 m

arkups persist for around 10 years follow
ing the shocks and the

m
arkup does not fully recover until the econom

y again experiences low
 inflation.

G
raph 1 presents the long-run relationship, 

LR
, for the U

nited States and the U
nited

K
ingdom

 from
 the I(1) analysis along w

ith the realisations of the m
arkup and inflation for

five distinct inflationary periods indicated by different sym
bols. 18  If the ‘supply shocks’

argum
ent is correct then different m

ean levels of inflation w
ould not affect the behaviour of

the m
arkup.  C

onsequently, realisations of the m
arkup and inflation from

 different periods of

inflation w
ould be distributed evenly along the entire curve in G

raph 1. This how
ever is not

the case.

It m
ay be seen clearly from

 G
raph 1 that if the data w

ere subdivided into periods of inflation

w
ith different m

eans, the associated m
ean levels of the m

arkup are different. For exam
ple, for

both the U
nited States and the U

nited K
ingdom

 the early 1960s are show
n as crosses on

G
raph 1 and w

e see that the m
arkup is high during a period of low

 inflation.  The late 1960s

and early 1970s are show
n as squares and w

as a period of slightly higher inflation and a

slightly low
er m

arkup.  W
e can follow

 the relationship through each inflationary period until

the observations return to hover around low
 inflation and a high m

arkup for the period

follow
ing the early 1990s recession.

If the actual observations are follow
ed individually (and not by periods as in the graph) a

loose negative short-run relationship betw
een inflation and the m

arkup m
ay som

etim
es be

observed in the data.  H
ow

ever, any short-run relationship is confined to different sections of

                                                                                                                                                       
18 

Sim
ilar graphs can be constructed for the other econom

ies but for brevity only the U
nited States and the

U
nited K

ingdom
 is show

n here.  A
ppendix D

 reports scatter graphs of inflation and the estim
ated m

arkup

for each econom
y along w

ith the long-run relationship, LR
, for each econom

y.

 13

the long-run curve depending on the general rate of inflation.  Thus w
hile short-run

m
echanism

s are alm
ost certainly reflected in som

e of the data the relationship is strongly

driven by the general rate of inflation.

The ability to separate actual observations of inflation and the m
arkup into distinct period

w
ith higher inflation associated w

ith a low
er m

arkup and vice versa, is further confirm
ation

that inflation is a non-stationary process.
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T
able 1: T

he ‘Joint Procedure’ for E
stim

ating r and s
Estim

ated Values of Q
(s, r) = Q

(s ||| |r) + Q
(r)

U
nited States

Japan
n-r

r
n-r

r
3

0
156.87

91.41
40.15

36.95
3

0
112.50

79.90
52.24

46.10
2

1
78.70

13.32
8.37

2
1

41.75
13.40

12.11
1

2
23.98

1.33
1

2
5.24

2.54
n-r-s

3
2

1
0

n-r-s
3

2
1

0

G
erm

any
France

n-r
r

n-r
r

3
0

102.83
62.40

33.80
31.82

3
0

140.76
92.47

61.31
60.33

2
1

56.40
21.65

15.79
2

1
64.03

21.36
20.81

1
2

24.29
3.95

1
2

2.80
1.79

n-r-s
3

2
1

0
n-r-s

3
2

1
0

Italy
U

nited K
ingdom

n-r
r

n-r
r

3
0

118.53
88.08

64.70
60.13

3
0

172.64
97.53

56.72
54.77

2
1

46.25
24.07

21.73
2

1
78.87

9.04
6.34

1
2

21.35
3.47

1
2

9.89
0.75

n-r-s
3

2
1

0
n-r-s

3
2

1
0

C
anada

Australia
n-r

r
n-r

r
3

0
121.73

72.90
51.85

49.36
3

0
171.41

111.78
70.76

55.43
2

1
44.33

23.08
22.33

2
1

86.23
26.93

15.02
1

2
4.83

2.43
1

2
20.89

4.53
n-r-s

3
2

1
0

n-r-s
3

2
1

0

Prices and U
nit Labour C

osts O
nly

Japan
G

erm
any

n-r
r

n-r
r

2
0

65.54
34.84

30.34
2

0
43.96

20.05
18.48

1
1

4.30
3.61

1
1

6.91
1.83

n-r-s
2

1
0

n-r-s
2

1
0

France
C

anada
n-r

r
n-r

r
2

0
62.54

33.69
32.61

2
0

71.67
29.67

26.96
1

1
5.54

4.47
1

1
5.58

4.96
n-r-s

2
1

0
n-r-s

2
1

0

N
otes:  Statistics are com

puted w
ith 4 lags of the core variables.  See A

ppendix B
 for details of the

predeterm
ined variables on w

hich the analysis is conditioned.  Q
(s |r) is the likelihood ratio statistic for

determ
ining s conditional on r. Q

(r) is the likelihood ratio statistic for determ
ining r in the I(1) analysis.  C

ritical
values are given in Paruolo (1996) as show

n in footnote 12.
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Table 2: C
ointegrating V

ectors of the I(2) System
 A

nalysis

Sam
ple Periods

U
S

61:4-97:2
Japan

66:1-96:1
G

erm
any

71:1-94:4
France

71:4-97:1
Levels

Prices
1

1
1

1
1

1
1

U
nit Labour C

osts: δ
- 0.937

- 0.767
-1

- 1.279
-1

- 1.030
1

Im
port Prices: 

δ
−1

- 0.063
- 0.233

0.279
0.030

‘Standard Errors’ for ulc &
 pm

0.012
0.073

0.096
0.030

D
ifferences

∆
 Prices

- 0.357
0.718

- 0.243
- 0.607

- 1.839
- 0.687

- 1.378

∆
 U

nit Labour C
osts

- 0.334
1.027

- 0.243
- 0.809

- 1.839
- 0.695

- 1.378

∆
 Im

port Prices
- 0.699

- 0.301
- 1.534

- 0.953
Sum

 of the C
oefficients

D
ifferences of P, U

LC
, &

 PM
- 1.390

1.444
- 0.486

- 2.95
- 3.678

- 2.333
- 2.756

Test and D
iagnostics

Linear H
om

ogeneity
0.35

[0.55]
23.58
[0.00]

23.11
[0.00]

0.01
[0.93]

2.52
[0.11]

0.23
[0.63]

0.47
[0.49]

W
eight on Im

ports: 
0

1
=

−
δ

9.76
[0.00]

0.40
[0.53]

2.26
[0.13]

0.43
[0.51]

LM
(1)

15.41
[0.08]

10.87
[0.28]

3.08
[0.55]

14.05
[0.12]

0.76
[0.94]

13.48
[0.14]

2.34
[0.67]

LM
(4)

6.93
[0.64]

3.96
[0.91]

3.80
[0.43]

31.81
[0.00]

10.65
[0.03]

8.48
[0.49]

6.22
[0.18]

D
-H

(N
)

5.60
[0.47]

27.10
[0.00]

10.63
[0.03]

4.19
[0.65]

5.85
[0.21]

7.49
[0.28]

2.55
[0.64]

Sam
ple Periods

Italy
72:1-97:1

U
K

61:4-97:1
C

anada
62:1-97:1

A
ustralia

67:1-97:1
Levels

Prices
1

1
1

1
1

U
nit Labour C

osts: δ
- 0.717

- 0.877
- 0.922

- 1
- 0.785

Im
port Prices: 

δ
−1

- 0.283
- 0.123

- 0.078
- 0.215

‘Standard Errors’ for ulc &
 pm

0.064
0.024

0.038
0.051

D
ifferences

∆
 Prices

- 2.735
- 0.690

- 1.591
- 2.219

-1.600

∆
 U

nit Labour C
osts

- 2.840
- 0.658

- 1.572
- 2.219

- 1.364

∆
 Im

port Prices
- 2.468

- 0.915
- 1.817

- 2.463
Sum

 of the C
oefficients

D
ifferences of P, U

LC
, &

 PM
- 8.043

- 2.263
- 4.980

- 4.538
- 5.427

Test and D
iagnostics

Linear H
om

ogeneity
7.27

[0.01]
6.49

[0.01]
1.11

[0.29]
1.23

[0.27]
4.22

[0.04]
W

eight on Im
ports: 

0
1

=
−

δ
10.48
[0.00]

6.13
[0.01]

2.43
[0.12]

14.75
[0.00]

LM
(1)

6.19
[0.72]

16.94
[0.05]

16.98
[0.05]

4.40
[0.40]

20.51
[0.02]

LM
(4)

16.15
[0.06]

10.33
[0.32]

13.33
[0.15]

4.34
[0.36]

11.73
[0.23]

D
-H

(N
)

3.87
[0.69]

7.32
[0.29]

3.98
[0.68]

7.41
[0.12]

4.77
[0.57]

N
otes:  Figures reported in [ ] are probability values.  LM

(1) and LM
(4) are Lagrange m

ultiplier tests of
autocorrelation of order 1 and 4 respectively.  D

-H
(N

) are D
oornik-H

ansen test for norm
al errors. R

eported as
tests of linear hom

ogeneity and zero w
eight on coefficient are likelihood ratio tests distributed as 

21
χ

.
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T
able 3: I(1) System

 A
djustm

ent C
oefficients and E

rror C
orrection T

erm
s

D
ependent

Variable

‘M
arkup’

Equation
m

ulc
∆

‘Real Exchange
Rate’ Equation

rer
∆

Inflation
Equation

p 2
∆

Error Correction Term

U
nited States

- 0.298
(- 5.7)

- 0.182
(- 1.2)

- 0.061
(- 2.0)

t
t

t
p

rer
m

ulc
∆

+
+

960
.1

059
.0

G
erm

any
- 0.116
(- 4.7)

- 0.017
(- 1.4)

t
t

p
m

ulc
∆

+
748
.4

France
- 0.194
(- 4.9)

- 0.092
(- 3.7)

t
t

p
m

ulc
∆

+
672
.2

Italy
- 0.039
(- 2.7)

- 0.079
(- 2.3)

- 0.030
(- 5.1)

t
t

t
p

rer
m

ulc
∆

+
+

926
.

11
459
.0

U
nited K

ingdom
- 0.278
(- 6.4)

0.009
(0.1)

- 0.080
(- 3.2)

t
t

t
p

rer
m

ulc
∆

+
+

874
.2

139
.0

C
anada

- 0.085
(- 3.0)

- 0.068
(- 4.6)

t
t

p
m

ulc
∆

+
318
.4

A
ustralia

- 0.189
(- 4.0)

0.125
(1.5)

- 0.041
(- 2.0)

t
t

t
p

rer
m

ulc
∆

+
+

276
.6

166
.0

N
otes:

R
eported in brackets are t-statistics.

 19

T
able 4:  I(1) and I(2) E

stim
ates of the M

arkup and the Inflation C
ost C

oefficient λ

Analysis
Prices

U
nit Labour Costs

Im
port Prices

Inflation Cost
C

oefficient λ
Long-run Effect on
the M

arkup of a 1
Percentage Point
Increase in 

p∆
*

U
nited States

I(1)
1

- 0.944
- 0.056

 - 1.851
0.5

I(2)
1

- 0.937
- 0.063

- 1.390
0.3

G
erm

any
I(1)

1
- 1

- 4.748
1.2

I(2)
1

- 1
- 3.678

0.9

France
I(1)

1
- 1

- 2.672
0.7

I(2)
1

- 1
- 2.756

0.7

Italy
I(1)

1
- 0.685

- 0.315
- 8.174

2.0

I(2)
1

- 0.717
- 0.283

- 8.043
2.0

U
nited K

ingdom
I(1)

1
- 0.878

- 0.122
- 2.523

0.6

I(2)
1

- 0.877
- 0.123

- 2.263
0.6

C
anada

I(1)
1

- 1
- 4.318

1.1

I(2)
1

- 1
- 4.538

1.1

A
ustralia

I(1)
1

- 0.858
- 0.142

- 5.383
1.3

I(2)
1

- 0.785
- 0.215

- 5.427
1.4

* A
 percentage point increase in annual inflation is equivalent to an increase in 

p∆
 of 0.25 per quarter.
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G
raph 1: Periods of Inflation and the M

arkup
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The data are quarterly and draw
n from

 the June 1997 O
EC

D
 Statistical C

om
pendium

.  The

table below
 reports the identification codes of the series used in the estim

ation of the m
odels.

D
ata C

odes for the O
E

C
D

 Statistical C
om

pendium

Series
U

nited States
Japan

G
erm

any
France

C
urrent Price G

D
P

421008SC
461008SC

131008SC
141008SC

C
onstant Price G

D
P

421108SR
461108SR

131108SR
141108SR

Indirect Taxes less Subsidies
421304SC

461304O
C

*
131304O

C
*

141304SC
Private C

onsum
ption D

eflator
421201SK

461201SP
131201SP

141201SP
Total Labour C

om
pensation

421301SC
461301O

C
*

131301O
C

*
141301SC

Standardised U
nem

ploym
ent R

ate
4242889J

464286A
3

134280A
2

144286A
3

(2)

Im
ports of G

oods and Services D
eflator

421205SK
461205SP

D
erived

(1)
141205SP

Series
Italy

U
nited Kingdom

Canada
Australia

C
urrent Price G

D
P

Series 29
(5)

261008SC
441008SC

541008SC
C

onstant Price G
D

P
Series 29

(5)
261108SL

441108SL
541108S1

Indirect Taxes less Subsidies
Series 28

(5)
261304SC

441304SC
541304SC

Private C
onsum

ption D
eflator

161201SP
261201SP

141201SP
541201S2

Total Labour C
om

pensation
161301SM

261301SC
141301SC

541301SC
Standardised U

nem
ploym

ent R
ate

164286A
3

U
K

O
C

SU
N

%
E

(3)
144286A

3
544286A

3
(4)

Im
ports of G

oods and Services D
eflator

161205SP
261205SP

141205SP
541205S2

*  N
ot seasonally adjusted.

(1)
D

erived from
 131006SC

 and 131106SR
 (current price and constant price im

ports of goods and services
respectively).

(2) Prior to M
arch 1982 use 144295A

3.
(3) Prior to M

arch 1975 use U
K

O
C

U
N

E%
E plus 0.954839.

(4) Prior to M
arch 1978 use 544295A

3.
(5) Italian data from

 w
w

w
.bbs.istat and Conti econom

ici nazionali trim
estroli 70.1-97.4 (03/98).  C

onstant
price data from

 C
3V

A
G

K
D

, current price data from
 C

3V
A

G
LD

.

N
otes:  The follow

ing transform
ations of the data w

ere perform
ed.

(a)
U

nit labour costs = total labour com
pensation divided by constant price gross dom

estic product (G
D

P).

(b)
The private consum

ption im
plicit price deflator at ‘factor cost’ is calculated as: 

(
)

tax
P

P
M

P
+

=
1

 w
here

M
P

P
 is the consum

ption im
plicit price deflator at m

arket prices and tax
 is the proportion of indirect tax

less subsidies in current price G
D

P.

(c)
Total labour com

pensation and indirect taxes less subsidies for Japan and G
erm

any w
ere seasonally

adjusted by exponential sm
oothing using ESM

O
O

TH
 in R

A
TS.
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A
PPE

N
D

IX
 B

: E
ST

IM
A

T
IN

G
 T

H
E

 I(2) SY
ST

E
M

B
.1

T
he Predeterm

ined V
ariables

U
nited States:

2 lags of the first difference of the log of the unem
ploym

ent rate, a step dum
m

y up to and

including M
arch 1968 and not restricted in the cointegrating space and dum

m
ies for: June

1972, June 1973, M
arch 1974, M

arch 1982, and M
arch 1991.

Japan:
For 

3
=

n
 and 

2
=

n
.  3 lags of the first difference of the log of the unem

ploym
ent rate and

dum
m

ies for: M
arch 1974, M

arch 1975, June 1975.

G
erm

any:
For 

3
=

n
.  3 lags of the first difference of the log of the unem

ploym
ent rate, and dum

m
ies

for: M
arch 1974, June 1974, Septem

ber 1974, D
ecem

ber 1974, June 1979, Septem
ber 1986,

M
arch 1993.  For 

2
=

p
.  1 lag of first difference of the log of the unem

ploym
ent rate, and

dum
m

ies for: D
ecem

ber 1973, D
ecem

ber 1974, June 1980, Septem
ber 1986, and M

arch

1993.

France:
For 

3
=

n
 and 

2
=

n
.  2 lags of the first difference of the log of the unem

ploym
ent rate, a

step dum
m

y up to and including M
arch 1975 and not restricted in the cointegrating space

and dum
m

ies for: M
arch 1974, D

ecem
ber 1977, and Septem

ber 1982.

Italy:
2 lags of the first difference of the log of the unem

ploym
ent rate, and dum

m
ies for:

Septem
ber 1972, M

arch 1976, June 1976, D
ecem

ber 1979, D
ecem

ber 1984, D
ecem

ber

1994.

U
nited K

ingdom
:

2 lags of the first difference of the log of the unem
ploym

ent rate, and dum
m

ies for: M
arch

1974, M
arch 1975, D

ecem
ber 1975, M

arch 1978, Septem
ber 1979, and Septem

ber 1980.

C
anada:

For 
3

=
n

 and 
2

=
n

.  3 lags of the first difference of the log of the unem
ploym

ent rate, a

step dum
m

y up to and including M
arch 1970 not restricted in the cointegrating space and

dum
m

ies for: Septem
ber 1974, D

ecem
ber 1976, D

ecem
ber 1990, D

ecem
ber 1991.

A
ustralia:

3 lags of the first difference of the log of the unem
ploym

ent rate, and dum
m

ies for: June

1973, Septem
ber 1973, June 1974, Septem

ber 1974, D
ecem

ber 1975, M
arch 1977, M

arch

1982, Septem
ber 1982, June 1985, and Septem

ber 1986.

 3

B
.2

R
oots of the C

om
panion M

atrix

M
odulus of the R

oots of the C
om

panion M
atrix

(First 5 Values Reported, 
1

=
r

 and Linear H
om

ogeneity N
ot Im

posed)

n
1

2
3

4
5

U
nited States

3
1.0000

1.0000
0.9006

0.7704
0.6092

Japan
3

1.0000
1.0000

0.9833
0.6800

0.6800

2
1.0000

0.9871
0.6070

0.6070
0.5378

G
erm

any
3

1.0538
1.0000

1.0000
0.7864

0.7864

2
1.0000

0.8590
0.7910

0.7910
0.5295

France
3

1.0000
1.0000

0.9936
0.6797

0.6797

2
1.0064

1.0000
0.6966

0.5650
0.5650

Italy
3

1.0071
1.0000

1.0000
0.7144

0.7144

U
nited Kingdom

3
1.0000

1.0000
0.9502

0.6839
0.6839

Canada
3

1.0000
1.0000

0.9881
0.8161

0.6943

2
1.0000

0.9836
0.7834

0.5403
0.5403

Australia
3

1.0000
1.0000

0.9417
0.6533

0.4837
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Table C
1: Testing for the N

um
ber of C

ointegrating V
ectors

Estim
ated Values of Q

(r)

U
nited States

U
nited Kingdom

= r
H

:0
Eigenvalues

Q
(r)

=r
H

:0
Eigenvalues

Q
(r)

0
0.1982

47.65
{26.70}

0
0.2474

44.81
{26.70}

1
0.0805

15.83
{13.31}

1
0.0287

4.44
{13.31}

2
0.0257

3.75
{2.71}

2
0.0021

0.30
{2.71}

G
erm

any
France

= r
H

:0
Eigenvalues

Q
(r)

=r
H

:0
Eigenvalues

Q
(r)

0
0.1833

21.24
{13.31}

0
0.2203

25.47
{13.31}

1
0.0142

1.40
{2.71}

1
0.0009

0.09
{2.71}

Italy
Australia

= r
H

:0
Eigenvalues

Q
(r)

=r
H

:0
Eigenvalues

Q
(r)

0
0.3472

47.76
{26.70}

0
0.1647

32.55
{26.70}

1
0.0454

4.69
{13.31}

1
0.0728

10.77
{13.31}

2
0.0000

0.00
{2.71}

2
0.0333

1.62
{2.71}

Canada

= r
H

:0
Eigenvalues

Q
(r)

0
0.1474

22.65
{13.31}

1
0.0011

0.16
{2.71}

N
otes:  Statistics are com

puted w
ith 4 lags of the core variables.  Q

(r) is the likelihood ratio statistic for
determ

ining r in the I(1) analysis.  90 percent critical values show
n in curly brackets { } are from

 Table
15.3 of Johansen (1995b).

 5

T
able C

2: M
odulus of the R

oots of the C
om

panion M
atrix

(First 5 Values Reported, 
1

=
r

 im
posed)

n
1

2
3

4
5

U
nited States

3
1.0000

1.0000
0.6981

0.6981
0.6622

G
erm

any
2

1.0000
0.7560

0.7560
0.6673

0.6673

France
2

1.0000
0.6718

0.5052
0.4896

0.4896

Italy
3

1.0000
1.0000

0.7152
0.7152

0.7089

U
nited Kingdom

3
1.0000

1.0000
0.6622

0.6622
0.6132

Canada
2

1.0000
0.7885

0.5696
0.5696

0.5696

Australia
3

1.0000
1.0000

0.7961
0.7878

0.7878

Table C
3: I(1) System

 A
nalysis:  The U

nited States
Septem

ber 1961 – June 1997

D
ependent Variable

‘M
arkup’

Equation
m

ulc
∆

‘Real Exchange Rate’
Equation

rer
∆

‘Inflation’
Equation

p 2
∆

Loading M
atrix α

  Error C
orrection Term

- 0.298
(- 5.7)

- 0.182
(- 1.2)

- 0.061
(- 2.2)

  C
onstant

- 1.553
(- 5.7)

- 0.948
(- 1.2)

- 0.316
(- 2.2)

  
2

R
0.39

0.64
0.52

N
otes:

N
um

ber of observations: 144.  Lags in the core variables = 4.  R
eported in brackets are

t-statistics.  The EC
M

 is calculated:  
t

t
t

t
p

rer
m

ulc
EC

M
∆

+
+

=
960
.1

059
.0

. Im
plicit m

arkup:

t
t

t
t

pm
ulc

p
m

u
056
.0

944
.0

−
−

=
.  Predeterm

ined variables are 1 lag of log unem
ploym

ent, a step
dum

m
y up to June 1968 not in the cointegrating space and dum

m
ies for: June 1972, M

arch 1974, June 1978,
M

arch 1982, and M
arch 1991.

Tests for Serial C
orrelation

LM
(1)

2
χ

 (9)  =  12.59, prob-value = 0.18
LM

(4)
2

χ
(9)  =  4.52, prob-value = 0.87

Test for N
orm

ality
D

oornik-H
ansen Test for norm

ality:
2

χ
(6)  =  10.15, prob-value = 0.12
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Table C
3: I(1) System

 A
nalysis:  G

erm
any

Septem
ber 1970 – D

ecem
ber 1994

D
ependent Variable

‘M
arkup’

Equation
m

ulc
∆

‘Inflation’
Equation

p 2
∆

Loading M
atrix α

 Error C
orrection Term

- 0.116
(- 4.7)

- 0.017
(- 1.4)

 C
onstant

- 0.572
(- 4.7)

- 0.084
(- 1.4)

 
2

R
0.49

0.41

N
otes:

N
um

ber of observations: 98.  Lags in the core variables = 4.  R
eported in brackets are

t-statistics.  The EC
M

 is calculated:  
t

t
t

p
m

ulc
EC

M
∆

+
=

748
.4

. M
arkup:

t
t

t
ulc

p
m

ulc
−

=
.  Predeterm

ined variables are 1 lag of log unem
ploym

ent and dum
m

ies for:
D

ecem
ber 1973, D

ecem
ber 1974, June 1980, Septem

ber 1986 and M
arch 1993.

Tests for Serial C
orrelation

LM
(1)

2
χ

 (4)  =  1.65, prob-value = 0.80
LM

(4)
2

χ
(4)  =  7.70, prob-value = 0.10

Test for N
orm

ality
D

oornik-H
ansen Test for norm

ality:
2

χ
(4)  =   6.99, prob-value = 0.14

T
able C

3: I(1) System
 A

nalysis:  France
D

ecem
ber 1971 – M

arch 1997

D
ependent Variable

‘M
arkup’

Equation
m

ulc
∆

‘Inflation’
Equation

p 2
∆

Loading M
atrix α

 Error C
orrection Term

- 0.194
(- 4.9)

- 0.092
(- 3.7)

 C
onstant

- 0.864
(- 4.9)

- 0.407
(- 3.7)

 
2

R
0.49

0.71

N
otes:

N
um

ber of observations: 102.  Lags in the core variables = 4.  R
eported in brackets

are t-statistics.  The EC
M

 is calculated: 
t

t
t

p
m

ulc
EC

M
∆

+
=

672
.2

. M
arkup:

t
t

t
ulc

p
m

ulc
−

=
.  Predeterm

ined variables are 2 lags of log unem
ploym

ent, a step dum
m

y
up to June 1975 not in the cointegrating space, and dum

m
ies for:  M

arch 1973, M
arch 1974,

D
ecem

ber 1977, Septem
ber 1979, and Septem

ber 1982.
Tests for Serial C

orrelation
LM

(1)
2

χ
 (4)  =  0.93, prob-value = 0.92

LM
(4)

2
χ

(4)  =  5.76, prob-value = 0.22

Test for N
orm

ality
D

oornik-H
ansen Test for norm

ality:
2

χ
(4)  =  1.24, prob-value = 0.87
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T
able C

3: I(1) System
 A

nalysis:  Italy
M

arch 1972 – M
arch 1997

D
ependent Variable

‘M
arkup’

Equation
m

ulc
∆

‘Real Exchange Rate’
Equation

rer
∆

‘Inflation’
Equation

p 2
∆

Loading M
atrix α

  Error C
orrection Term

- 0.039
(- 2.7)

- 0.079
(- 2.3)

- 0.030
(- 5.1)

  C
onstant

- 0.193
(- 2.7)

- 0.386
(- 2.3)

- 0.150
(- 5.1)

  
2

R
0.40

0.56
0.60

N
otes:

N
um

ber of observations: 101.  Lags in the core variables = 4.  R
eported in brackets are

t-statistics.  The EC
M

 is calculated:  
t

t
t

t
p

rer
m

ulc
EC

M
∆

+
+

=
926
.

11
459
.0

. Im
plicit m

arkup:

t
t

t
t

pm
ulc

p
m

u
315
.0

685
.0

−
−

=
.  Predeterm

ined variables are 3 lags of log unem
ploym

ent and
dum

m
ies for: Septem

ber 1972, M
arch 1976, June 1976, D

ecem
ber 1979, D

ecem
ber 1984, and D

ecem
ber 1992.

Tests for Serial C
orrelation

LM
(1)

2
χ

 (9)  =  5.53, prob-value = 0.79
LM

(4)
2

χ
(9)  =  12.08, prob-value = 0.21

Test for N
orm

ality
D

oornik-H
ansen Test for norm

ality:
2

χ
(6)  =   1.56, prob-value = 0.96

T
able C

3: I(1) System
 A

nalysis:  T
he U

nited K
ingdom

D
ecem

ber 1961 – M
arch 1997

D
ependent Variable

‘M
arkup’

Equation
m

ulc
∆

‘Real Exchange Rate’
Equation

rer
∆

‘Inflation’
Equation

p 2
∆

Loading M
atrix α

  Error C
orrection Term

- 0.278
(- 6.4)

0.009
(0.1)

- 0.080
(- 3.2)

  C
onstant

- 1.479
(- 6.4)

0.047
(0.1)

- 0..424
(- 3.2)

  
2

R
0.39

0.37
0.70

N
otes:

N
um

ber of observations: 142.  Lags in the core variables = 4.  R
eported in brackets are

t-statistics.  The EC
M

 is calculated:  
t

t
t

t
p

rer
m

ulc
EC

M
∆

+
+

=
874
.2

139
.0

. Im
plicit m

arkup:

t
t

t
t

pm
ulc

p
m

u
122
.0

878
.0

−
−

=
.  Predeterm

ined variables are 2 lags of log unem
ploym

ent and
dum

m
ies for: M

arch 1974, M
arch 1975, D

ecem
ber 1975, M

arch 1978, Septem
ber 1979, and Septem

ber 1980.
Tests for Serial C

orrelation
LM

(1)
2

χ
 (9)  =  14.66, prob-value = 0.10

LM
(4)

2
χ

(9)  =  9.80, prob-value = 0.37

Test for N
orm

ality
D

oornik-H
ansen Test for norm

ality:
2

χ
(6)  =   8.92, prob-value = 0.18
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T
able C

3: I(1) System
 A

nalysis:  C
anada

M
arch 1962 – M

arch 1997

D
ependent Variable

‘M
arkup’

Equation
m

ulc
∆

‘Inflation’
Equation

p 2
∆

Loading M
atrix α

  Error C
orrection Term

- 0.085
(- 3.0)

- 0.068
(- 4.6)

  C
onstant

- 0.426
(- 3.0)

- 0.342
(- 4.6)

  
2

R
0.35

0.57

N
otes:N

um
ber of observations: 141.  Lags in the core variables = 4.  R

eported in brackets are
t-statistics.  The EC

M
 is calculated:  

t
t

t
p

m
ulc

EC
M

∆
+

=
318
.4

. M
arkup:

t
t

t
ulc

p
m

u
−

=
.  Predeterm

ined variables are 3 lags of log unem
ploym

ent, a step dum
m

y
up to M

arch 1970 and dum
m

ies for: Septem
ber 1974, D

ecem
ber 1976, D

ecem
ber 1990,

D
ecem

ber 1991.
Tests for Serial C

orrelation
LM

(1)
2

χ
 (9)  =  2.78, prob-value = 0.60

LM
(4)

2
χ

(9)  =  2.00, prob-value = 0.74

Test for N
orm

ality
D

oornik-H
ansen Test for norm

ality:
2

χ
(6)  =   12.74, prob-value = 0.01

T
able C

3: I(1) System
 A

nalysis:  A
ustralia

M
arch 1967 – M

arch 1997

D
ependent Variable

‘M
arkup’

Equation
m

ulc
∆

‘Real Exchange Rate’
Equation

rer
∆

‘Inflation’
Equation

p 2
∆

Loading M
atrix α

  Error C
orrection Term

- 0.189
(- 4.0)

0.125
(1.5)

- 0.041
(- 2.0)

  C
onstant

- 1.001
(- 4.0)

0.665
(1.5)

- 0.215
(- 2.0)

  
2

R
0.40

0.40
0.52

N
otes:

N
um

ber of observations: 121.  Lags in the core variables = 4.  R
eported in brackets are

t-statistics.  The EC
M

 is calculated:  
t

t
t

t
p

rer
m

ulc
EC

M
∆

+
+

=
276
.6

166
.0

.  Im
plicit m

arkup:

t
t

t
t

pm
ulc

p
m

u
142
.0

858
.0

−
−

=
.  Predeterm

ined variables are 3 lags of log unem
ploym

ent and
dum

m
ies for: June 1974, M

arch 1982, June 1985, and Septem
ber 1986.

Tests for Serial C
orrelation

LM
(1)

2
χ

 (9)  =  15.63, prob-value = 0.08
LM

(4)
2

χ
(9)  =  7.47, prob-value = 0.59

Test for N
orm

ality
D

oornik-H
ansen Test for norm

ality:
2

χ
(6)  =   9.75, prob-value = 0.14
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ber 1961 - June 1997
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M
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W
EST G

ER
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A
N

Y
Septem

ber 1970 - D
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ber 1994
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FR
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N
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arch 1997
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LY

M
arch 1972 - M

arch 1997

-0.05
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0.05
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M
arkup (100=period average)
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The solid line show
s the estim

ated cointegrating relationship from
 the I(1) analysis betw

een the m
arkup and

price inflation assum
ing the change in unem

ploym
ent, spike dum

m
ies and the differences of the core

variables and their lags are zero. Show
n as dots are the realisations of quarterly inflation and the estim

ated
m

arkup from
 the I(1) analysis. The step dum

m
ies for the U

nited States, France and C
anada ‘adjust’ the

m
arkup for the respective periods. The crosses indicate the observations that correspond to the spike

dum
m

ies.
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