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Abstract 

This paper extends the existing literature on the open economy New Keynesian 
Phillips Curve by incorporating three different factors of production, domestic 
labor and imported as well as domestically produced intermediate goods, into a 
general model which nests existing closed economy and open economy models as 
special cases. The model is then estimated for nine euro area countries and the euro 
area aggregate. We find that structural price rigidity is systematically lower in the 
open economy specification of the model than in the closed economy specification 
indicating that when firms face more variable input costs they tend to adjust their 
prices more frequently. However, when the model is estimated in its general 
specification including also domestic intermediate inputs, price rigidity increases 
again compared to the open economy specification without domestic intermediate 
inputs.  
 
JEL codes: E31, C22, E12  
Keywords: New Keynesian Phillips Curve, Open Economy, GMM  

1. Introduction 

There is vast evidence in the literature that the baseline New Keynesian Phillips 
Curve model with the labor share proxying real marginal cost as the driving 
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in any way the Oesterreichische Nationalbank or the ECB. All errors are my own 
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variable of inflation can explain inflation dynamics in many large industrial 
economies reasonably well; see Gali and Gertler (1999) and Sbordone (2002) for 
the U.S.A., and Gali, Gertler and Lopez-Salido (2001), McAdam and Willman 
(2002) for the euro area and Balakrishnan and Lopez-Salido (2002) for the U.K.  

However, a number of studies have also shown that the baseline model is not 
always appropriate in tracking inflation dynamics in particular for open economies, 
see Balakrishnan and Lopez-Salido (2002) for the U.K., Bardsen et al. (2004) for 
European countries, Freystätter (2003) for Finland, Rubene and Guarda (2004) for 
Luxembourg, and Sondergaard (2002) for Germany, France and Spain. Reduced 
form estimates for the marginal cost term in the baseline model are often found to 
be insignificant in these studies.  

The problem with the labor share as a proxy for real marginal cost is the fact 
that it covers only part of the total cost of production of the firm. It ignores the 
costs of material inputs which especially in the manufacturing industry account for 
a large part of the total costs of firms.3 In addition, part of the intermediate inputs 
are imported from abroad, which consist of mainly raw materials and energy but 
also semi-manufactured inputs from other industrial economies. Usually the prices 
of imported inputs are more variable than of domestic labor as well as domestically 
produced intermediate inputs. This should – other things equal – induce firms to 
change their prices more frequently and possibly also by a larger amount in 
response to more variable input costs. If this behavior can be detected also in 
aggregate data, i.e. if additionally taking into account the costs of intermediate 
inputs in the marginal cost term of the New Keynesian Phillips Curve (NKPC) can 
explain price dynamics in the euro area countries more appropriately, will be 
examined in the second part of this paper.  

In this paper the baseline model is extended in order to account for open 
economy effects as well as effects of intermediate goods in the production 
technology of the firm. Real marginal cost as a driving variable for inflation is 
decomposed into the relative prices of three different factors of production: real 
unit labor costs and the prices of imported and domestically produced intermediate 
goods. The formulation of our general model including imported as well as 
domestically produced intermediate inputs in production nests existing closed and 
open economy models of the hybrid NKPC.  

The model is then estimated for the closed economy case, the case with only 
imported intermediate inputs and in the general formulation with imported and 
domestically produced intermediate inputs in different specifications for nine euro 

                                                      
3 In Germany, for instance, the proportion of the costs of intermediate inputs compared to 

the wage costs in the total economy amounted to about 60:40 on average from 1991 to 
2003. According to the German input-output tables for 2000 the intermediate inputs and 
wage costs together accounted for about 80% of the total value of nominal output, while 
wage costs alone would only account for about 30% of the value of output. Similar 
figures can be cited for other countries. 
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area countries and the euro area aggregate with data from 1970 to 2003 Q2 (for 
some countries the sample range might differ due to data availability). Our general 
finding from these estimations is that open economy aspects matter for the 
performance and the fit of the NKPC. We find that the degree of structural price 
rigidity as measured by the Calvo probability of changing a price is systematically 
higher for the closed economy specification than in the open economy specification 
with only imported intermediate inputs in production. This could be explained by 
the fact that when firms face more variable input costs as they import from volatile 
international markets they tend to adjust their prices more frequently. When 
comparing the open economy specification with only imported intermediate inputs 
and the most general specification with imported and domestically produced 
intermediate inputs structural price rigidity is found to be systematically higher in 
the latter case. This could be due to substitution of imported by domestic 
intermediate goods when the relative price of the former increases, thus mitigating 
the need for the firm to adjust prices.  

This paper is structured as follows. Section 2 introduces the theoretical model 
with monopolistically competitive firms employing three different input factors in 
the production of their output which is then used for final consumption demand and 
by other firms as intermediate input. The open economy hybrid NKPC is derived 
from the profit maximization problem of the firm under the Calvo pricing 
assumption. The model is then put to the data of nine euro area countries and the 
euro area aggregate. Issues on the empirical implementation of the model, in 
particular the different specifications for which the model is estimated, are 
discussed and the results of the estimations are presented and interpreted in section 
3. Finally, section 4 concludes the paper.  

2. The Model 

The open economy New Keynesian Phillips Curve is derived from an open 
economy model in which international trade takes place at two levels of 
production. Monopolistically competitive firms sell their products to consumers at 
home and abroad as well as to domestic and foreign firms for their use as 
intermediate input. So, the representative firm’s output is used partly for domestic 
and foreign final demand and partly as intermediate input in the production of 
domestic and foreign firms. The production technology of a firm includes domestic 
labor, foreign and domestically produced intermediate goods as factors of 
production such that the relative prices of these factors affect marginal costs of 
production. The firm’s price-setting behavior is derived from the maximization of 
future discounted profits assuming Calvo (1983) type pricing, i.e. firms are allowed 
to reset their price after a random interval of time. In addition, we assume that 
within the group of Calvo price setters some follow a rule of thumb updating their 
prices with past inflation while the rest sets its price optimally which gives rise to a 
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hybrid open economy NKPC. The model is based on the line of research started by 
Gali and Gertler (1999) and Gali, Gertler and Lopez-Salido (2001) on the hybrid 
specification of the NKPC. It draws heavily on the open economy NKPC model of 
Leith and Malley (2003) extending their model by introducing a third factor of 
production, i.e. domestically produced intermediate goods, in order to allow firms 
to shift between domestic and foreign inputs in production. Related models also 
specifying a variant of the open economy NKPC can be found in Balakrishnan and 
Lopez-Salido (2002), Razin and Yuen (2002) and Gali and Lopez-Salido (2001).  
 

2.1 Product Demand 

In our open economy model consumers derive their utility from a consumption 
bundle including domestic and foreign consumption goods:  

 ( )
1 1 11 1

1d f
t t tC c c

η
η η η
η ηη ηχ χ
− − −⎡ ⎤

⎛ ⎞ ⎛ ⎞⎢ ⎥
⎜ ⎟ ⎜ ⎟⎢ ⎥⎝ ⎠ ⎝ ⎠⎢ ⎥⎣ ⎦

= + − ,  (1) 

where ( )
111

0

d d
t tc c z dz

ε
εε

ε
−−⎡ ⎤= ⎢ ⎥⎣ ⎦∫  and f

tc = ( )
111

0

f
tc z dz

ε
εε

ε
−−⎡ ⎤

⎢ ⎥⎣ ⎦∫  are again CES indices 

of consumption goods produced in the home and foreign country, ε  is the 
elasticity of substitution of goods within one country and η  the elasticity of 
substitution of consumption bundles between countries and χ  is the parameter 
representing the home bias in consumption. By assuming ε η≠  we allow the 
substitutability of goods within countries to differ from the substitutability of goods 
across countries.4  

The associated consumption price index which minimizes the cost of 
purchasing one unit of the composite consumption bundle tC  is given by  

 
( )

1
11 1

1d f
t t tP p p

ηη η
χ χ

−− −⎡ ⎤⎛ ⎞ ⎛ ⎞⎢ ⎥⎜ ⎟ ⎜ ⎟⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦
= + − ,

 (2) 

where also ( )
1

11 1

0

d d
t tp p z dz

εε −−⎡ ⎤= ⎢ ⎥⎣ ⎦∫  and ( )
1

11 1

0

f f
t t tp e p z dz

εε −−∗⎡ ⎤= ⎢ ⎥⎣ ⎦∫  are the price 

indices associated with domestic and foreign production (in domestic currency), te  

                                                      
4 See Tille (2001). Most other contributions like the well known paper by Obstfeld and 

Rogoff (1995) focus on the case where ε η= . In our application, however, η  appears 
only implicitly in the NKPC and does not feature as a structural paramter to be estimated 
or calibrated. 
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being the nominal exchange rate (where foreign variables are denoted with an 
asterisk).  

In addition to domestic and foreign consumers, the product of each individual 
firm is also demanded by domestic and foreign producers as intermediate input in 
their production. So, the output of each firm is partly used for final consumption 
and partly as intermediate inputs by other firms. Accordingly, the bundles of 
domestically produced goods used in domestic and foreign production as 

intermediate inputs are defined by ( )
111

0

d d
t tm m z dz

ε
εε

ε
−−⎡ ⎤= ⎢ ⎥⎣ ⎦∫  and 

( )
111

0

d d
t tm m z dz

ε
εε

ε
−−∗ ∗⎡ ⎤= ⎢ ⎥⎣ ⎦∫  where the degree of substitutability between 

intermediate goods is assumed to be the same as between consumption goods.  
Given that domestic and foreign consumers and domestic and foreign producers 

all demand the product of each individual firm and allocate their demands for 
consumption and intermediate goods across countries and products with the same 
pattern, the global demand for the output of firm z  is given by5  

 
( ) ( )d

td d d d d
t t t t td

t

p z
y z c c m m

p

ε−

∗ ∗⎛ ⎞
⎜ ⎟
⎝ ⎠

⎛ ⎞
= + + + .⎜ ⎟

⎝ ⎠   (3) 

The demand for the firm’s product depends on the price charged by the firm 
relative to the other domestically produced goods and the total demand of domestic 
and foreign consumers as well as producers allocated to domestic goods.  

2.2 Production Technology 

Each individual firm produces its output employing labor and domestic as well as 
foreign intermediate goods as variable factors of production and a fixed amount of 
capital  

                                                      
5 Implicitly consumers and input demanding firms pursue a 2-step optimization by first 

allocating their demand across countries, which in the case of the domestic demand for 
domestically produced consumption goods yields ( )d d

t t t tc p P Cη χ−= / , and in a second 
step within a country, which in the case of the demand for a specific domestic firm’s 
consumption good yields ( ) ( ( ) )d d d d

t t t tc z p z p cε−= /  with d
tc  being given by the above 

expression. The total demand for a domestic firm’s output is then the sum of the demand 
for its consumption good at home and abroad, d

tc  and d
tc∗  (for which an equivalent 

expression can be found), as well as for its output employed as intermediate input by 
domestic and foreign firms, d

tm  and d
tm∗ , which leads to expression (3). 
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( )

( )
( ) ( ) ( )( )1 1 1 1 11d f

t N t d t f ty z N z m z m z K
ρ

ρ ρ ρ ρ φ
ρ ρ ρ φα α α
− − − − −= + + ,

 (4) 

where ( )tN z , ( )d
tm z  and ( )f

tm z  are domestic labor, domestically produced and 
imported intermediate inputs used in production by firm z  and Nα , dα  and fα  
are the weights of these factors in the production function. The inputs enter the 
production function as imperfect substitutes where ρ  is the constant elasticity of 
substitution between them and 11 φ−  represents the weight of fixed capital in 
production.  

To derive marginal costs from this production function we note that the variable 
factors of production when combined with fixed capital display decreasing 
marginal returns which induces an increasing marginal cost function and thus a 
dependence of marginal costs on firm specific output. Firm specific real marginal 
costs of firm z  can then shown to be  

 

 
( ) ( ) ( ) ( )

( )

d d f f
t t t t t t

t
t t

W N z p m z p m z
MC z

P y z
φ

⎡ ⎤+ +
= .⎢ ⎥

⎣ ⎦  (5) 

2.3 Price Setting 

Firms set their prices by maximizing real variable profits facing the constraints 
implied by Calvo contracts in that they can only change their prices after a random 
interval of time. Specifically, firms are allowed to change their price with a fixed 
probability 1 θ−  in a given period while they keep their price constant with 
probability θ . Thus, when deriving the profit maximizing price firms take into 
account that the price may be in effect for a long period of time and therefore 
discount future profits with the probability θ . The optimization problem of the 
firm in period t  can then be written as  
 

 
( ) ( ) ( )

0 11

t t t
d dt s t s t s

x x xs
tP t s t sp p

t
t s

st t jj

y yMCz
E

P r

ε εφ
φθ

+ + +

− −

∞ + +

= + −=

⎡ ⎤−⎢ ⎥Π ⎣ ⎦= ,∑
∏

% %

 (6) 

where ( )t zΠ  denotes variable profit of the firm, tx  is the newly set optimal price, 

t sy +% summarizes total demand for domestic goods ( )d d d d
t s t s t s t sc c m m∗ ∗
+ + + ++ + +  from 
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the demand function (3), tMC  is the part of real marginal cost that is not firm 
specific6 and tr  is the time-varying discount rate.  

Since under the Calvo pricing assumption only a fraction of firms are allowed to 
reset their price every period, the index of output prices can be shown – by making 
use of the Law of Large Numbers – to be a weighted average of prices reset in 
period t  and the previous period’s price index  

 ( )1 1 1

1 1d d r
t t tp p p

ε ε ε
θ θ

− − −⎛ ⎞ ⎛ ⎞ ⎛ ⎞
⎜ ⎟ ⎜ ⎟ ⎜ ⎟−⎝ ⎠ ⎝ ⎠ ⎝ ⎠

= + − ,
 (7) 

where r
tp  is the reset price in period t . In addition to pure Calvo pricing we also 

assume that within the group of firms who are allowed to reset its price in a given 
period a fraction of firms do not set their prices based on the optimization but 
instead follow a simple rule of thumb. This deviation from optimality by part of the 
firms is common in the literature and can be rationalized by costs of price 
adjustment (not modeled here) which become severe especially for firms which 
receive the random signal of price adjustment within short intervals. With the 
fraction ω  of firms who use the rule of thumb the average reset price in period t  is 
given by  

 ( )1r b
t t tp p xω ω= + − ,   (8) 

where b
tp  is the price set according to the rule of thumb which is assumed to be the 

average reset price of the previous period updated with last period’s inflation rate  

 1 11b r d
t t tp p π⎛ ⎞

⎜ ⎟− −⎝ ⎠
= + .

 (9) 

The assumption of part of the firms following a backward-looking rule of thumb 
gives rise to the hybrid formulation of the New Keynesian Phillips Curve which 
has been introduced by Gali and Gertler (1999) and widely used in the literature 
since then.  

Maximizing the firm’s real profits given in (6) with respect to tx  and applying 
the Calvo pricing assumptions just outlined and after log-linearizing the system 
around a zero-inflation steady state gives rise to an open economy hybrid New 
Keynesian Phillips Curve  

                                                      
6 ( )tMC z  can be shown to equal 1( )t ty z MCφφ −  where tMC  is a function of the prices 

of the factors of production and the parameters in the production function that are 
common to all firms. 
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( )( ) ( )
( )1 1

1 1 1 ˆˆ ˆ ( 1) ] (10)ˆ ˆ ˆ
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dd d d
tt t tt t t t
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θ ω θβθβ ω φπ π π
ε φ

∧

+ −

− − − ⎡= + + + − + − ,⎢Δ Δ − + Δ⎡ ⎤ ⎣⎣ ⎦
%  

where 1ˆ ˆˆ d dd
t t tp pπ −= −  and [1 (1 )]θ ω θ βΔ = + − −  and 1

r
β =  is the steady-state 

discount rate of future profits. Hatted variables denote deviations from steady state 
and barred variables represent steady state values.  

In order to transform the open economy NKPC in (10) into a form appropriate 
for estimation we first note that the marginal cost term that is not firm specific can 
be decomposed in terms of the prices of all factors of production, namely wages 
and domestic and foreign intermediate input prices (in log-linearized form)  
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( ) ( )
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ˆ

d f
fd
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d f
fd
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+ +

 (11) 

Plugging this expression into (10) and applying some further substitutions,7 the 
term in square brackets in equation (10) can be expressed in terms of the relative 
prices of the factors of production and the labor share  
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 (12) 
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s =  are the shares of labor, domestic 

intermediate goods and imported intermediate goods in GDP and ( )( )
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1 1 d fm m

d fn m m

s s
s s s

ε
εφ − + +

+ +
=  

                                                      
7 In the case of intermediate goods in production the definition of aggregate firm output 

appearing in our model differs from the definition of GDP (value added) which is 
normally used in empirical applications of the NKPC. Therefore, we need to reformulate 
(10) by substituting aggregate firm output, 

ty% , with GDP, ty . The derivations are 
available on request. 
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can be derived from the steady-state markup and the steady-state labor and 
intermediate goods shares in production.  

From (12) we see that the driving variable of inflation in the open economy case 
with intermediate goods depends on the log deviation of the labor share, nts$  (as in 

the closed economy case), the domestic real labor costs, ˆˆ d
t tpw − , representing the 

relative costs of domestic labor and domestically produced intermediate goods, the 
relative price of domestic labor and imported intermediate goods, ˆˆ f

t tpw − , the 

terms of trade, ˆ ˆd f
t tp p− , representing the relative price of domestically produced 

and imported intermediate goods, and a term reflecting the decreasing marginal 
return to production (second term). The weights with which these relative prices 
enter the expression are determined by the steady state shares of the three factors of 
production in GDP and the elasticity of substitution between them.  

This general specification of the open economy hybrid NKPC nests other open 
and closed economy models of the NKPC. With the share of domestically 
produced intermediate goods, d

ms , set to 0 it reduces to the open economy NKPC 
model of Leith and Malley (2003) and additionally setting the share of imported 
intermediate goods, f

ms , to 0 yields the standard closed economy specification of 
the NKPC as for instance in Sbordone (2002) or Gali et al. (2004). Gali and Lopez-
Salido (2001) and Balakrishnan and Lopez-Salido (2002) derive an open economy 
NKPC for Spain and the U.K. only taking into account imported intermediate 
goods in production but not trade in final consumption goods which is thus also 
nested in our general model.  

3. Estimation and Results 

3.1 The Data 

The open economy New Keynesian Phillips Curve is estimated for nine euro area 
countries and the euro area aggregate. For Luxembourg, Ireland and Portugal the 
NKPC could not be estimated either due to the lack of appropriate data or too short 
time series. The data for the estimation of the country NKPCs have been obtained 
from two sources, the database of macroeconomic time series compiled for the 
Inflation Persistence Network and from the New Chronos database provided by 
Eurostat. The data for real and nominal GDP, the GDP deflator, compensation to 
employees, employment, real and nominal imports and the import deflator have 
been taken from the IPN database and the data on intermediate inputs have been 
downloaded from the national accounts database on New Chronos. Information on 
the share of imported intermediate goods in total imports have been calculated 
from input-output tables when available on the New Chronos database. In case the 
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input-output tables for some countries have been available for more years (New 
Chronos reports input-output tables for 1995, 1997 and 2000) the imported 
intermediate goods share has been averaged over the available years. The data on 
intermediate inputs which are available only at annual frequency have been 
disaggregated to quarterly frequency with the help of Ecotrim, a software for 
temporal disaggregation supplied by Eurostat. The shares of domestically produced 
and imported intermediate inputs, d

ms  and f
ms , have been calculated as nominal 

intermediate inputs – decomposed into domestic and imported shares – divided by 
nominal GDP and the labor share, ns , is total compensation to employees divided 
by GDP.  

3.2 Empirical Specification 

We estimate the structural parameters of the model outlined in the previous section 
employing a single equation approach. Equation (10) “including” (12) is estimated 
employing the generalized method of moments (GMM) estimator proposed by 
Hansen (1982) which has been widely used in solving the orthogonality conditions 
implied by forward-looking rational expectations models – as in our model, see 
Verbeek (2000). There is, however, a debate in the literature on the appropriate 
estimation method for the hybrid specification of inflation dynamics equations like 
the NKPC. A widely used alternative to the instrumental variables approach 
adopted in this paper is the estimation of the structural parameters of the NKPC by 
maximum likelihood (ML). As Gali et al. (2003) note, the debate which approach 
is most appropriate is completely open. There exists a trade-off of the form that 
GMM estimates are sensitive to the choice of instruments while ML relies on 
normality of the error term and on appropriate assumptions on the structure of the 
economy. Jondeau and Le Bihan (2003) have shown that estimated coefficients 
under both methods are biased in small samples and in case of misspecified model 
dynamics, but they are biased in opposite directions, thus not indicating the 
dominance of one approach over the other. In a recent note Gali et al. (2003) 
convincingly demonstrate that their GMM estimates of the hybrid NKPC obtained 
in Gali and Gertler (1999) and Gali et al. (2001) are robust to a variety of different 
estimation procedures – including also ML. Thus, we believe that the GMM 
estimator based on an appropriately chosen instrument set entails only a relatively 
small finite sample bias and delivers quite reliable parameter estimates of the 
NKPC. Apart from that, the GMM approach was also chosen for comparison with 
most existing studies on the NKPC which adopted this approach.  

The structural parameters which are estimated in our empirical specifications 
include θ , the probability that a firm keeps a fixed price in a given period, β , the 
steady-state discount factor of firms, ω , the fraction of firms following the rule of 
thumb and ρ , the elasticity of substitution between labor, domestic and imported 
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intermediate inputs in production. However, the elasticity of demand of the firm’s 
product, ε , cannot be estimated econometrically, as it does not appear in the 
estimation equation, but has to be calibrated in order to derive an empirical value 
for the elasticity of substitution between capital and the variable factors of 
production, φ . In calibrating ε  we follow the literature (see Gali et al. (2001), 
Leith and Malley (2003)) and adopt a value of 11 as a baseline implying a steady-
state markup of prices over marginal costs 1

ε
εμ −=  of 1.1.  

One important point concerning the empirical implementation of our open 
economy NKPC is the choice of the price index for the dependent variable 
domestic output inflation, d

tπ . In the model the price set by a firm is its output 
price. The output is then used for final consumption demand and intermediate 
inputs of other forms at home or abroad. Empirically, the appropriate index that 
measures aggregate output prices is the output deflator. However, output deflators 
are not available from current accounts statistics for the euro area countries. 
Another candidate as the empirical counterpart of aggregate output prices is the 
producer price index (PPI). There are, however, two considerations that limit the 
use of the producer price index for our estimations: First, also the producer price 
index for many euro area countries is available only for too short time periods (e.g. 
for Austria only since 2000) and, second, it does not exactly measure output prices 
as defined in our model since it only measures prices at the industrial producer 
level but not at the final demand level. Given this and in order for our results to be 
comparable to other studies the value added (GDP) deflator has been chosen as the 
dependent variable of our empirical model. While on conceptual grounds it is clear 
that the value added deflator is not the appropriate index to measure output prices, 
empirically, given the principle of double-deflation employed by statistical 
agencies in national accounts statistics, the output deflator and the value added 
deflator are not too different from each other if a rapid pass-through from input to 
output prices is assumed.8 A rapid pass-through is not an unrealistic assumption at 
the annual frequency for which the output deflator is usually measured and given 
the fact that the output deflator and the value added deflator display the same 
seasonal pattern as they are converted from annual to quarterly frequency with the 
help of the same indicator variables (e.g. wholesale prices, producer prices, CPI 
components) considering the GDP deflator in our estimations at the quarterly 
frequency should not make any significant difference as compared to the output 
deflator. Moreover, given that in our model the firm charges the same price for its 
output regardless if it is used for final demand or intermediate inputs by other 

                                                      
8 This has been verified for the Austrian case where the output deflator was directly 

available. 
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firms, the empirical price index used for the price of domestically produced 
intermediate goods is also the GDP deflator.9  

For each country a number of different specifications of equation (10) are 
estimated by GMM and displayed in the tables below. Following Gali et al. (2001) 
two alternative specifications of the orthogonality conditions are considered. In the 
first specification (10) is estimated directly imposing the orthogonality conditions 
while in the second specification the nonlinearities are minimized by pre-
multiplying the equation with Δ :10  

( )( )( )
( ) ( )1 1

1 1 1
0

1 1
d d d

t t t t tE z
θ ω θβθβ ωπ π π
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⎛ ⎞
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− − − ..... =⎢ ⎥
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− +⎡ ⎤⎢ ⎥⎣ ⎦⎣ ⎦
 (14) 

where tz  is a vector of instruments. The set of instruments has been selected for 
each country individually based on the criteria that they should display a high 
correlation with the regressors and they satisfy the overidentifying restrictions of 
Hansen’s J -test: From a matrix showing the correlations of a large number of 
potential instruments with all regressors the variables (and the lags) with the 
highest correlation have been selected as instruments. The results on the J -test of 
overidentifying restrictions has not been reported in the tables below because they 
turned out to be far from rejecting the validity of the overidentifying restrictions for 
any of the presented estimations (the lowest p-value was 0.4; the results are 
available on request). The hatted variables are calculated as deviations from a 
quadratic trend in order to induce stationarity.11 Newey-West corrected standard 

                                                      
9 The validity of this choice has also been checked for Austrian data. It turned out that the 

deflator of total intermediate inputs can be approximated by a weighted average of the 
GDP deflator and the import deflator with the share of imported and domestically 
produced intermediate goods being the weights. 

10 In case of a zero inflation steady state which is assumed in this model ˆ d
tπ  and d

tπ  are 
equivalent. 

11 Apart from a quadratic trend, alternative detrending methods have also been considered 
in the estimation of the different specifications: These include subtracting a linear trend, a 
cubic trend, an HP-filtered trend, and the sample mean from the series. Comparing these 
alternative estimations we find that the results for the cubic and the quadratic trend are 
very similar and that the specification with a simple deviation from mean is not sufficient 
to remove the trend present in most series and to induce stationarity. The results are 
available from the author on request. 
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errors which are robust to heteroskedasticity and autocorrelation of unknown form 
are employed in the coefficient’s significance tests. This correction is especially 
important when the variance of the dependent variable (inflation) changes over 
time, which for instance could be due to one or more regime shifts of monetary or 
exchange rate policy in the sample period. The number of lags considered for the 
computation of the coviarance matrix was based on a rule proposed by Newey-
West depending on the sample length (e.g. 4 lags for a sample of 120 quarters).  

3.3 Results 

The estimation results are summarized in tables 1 to 10 in the Appendix. All tables 
give the estimates of the structural parameters θ , β , ω  and ρ  along with the 
significance levels and report the expected duration of prices in months in the last 
column which has been derived from θ  by the formula 3

1 θ− . The estimation results 
of the different model specifications are listed in the rows of the tables: In model 
M1 we estimate the specification for the closed economy with only labor in 
production, i.e. the standard specification of closed economy hybrid New 
Keynesian Phillips curve models widely used in the literature, e.g. in Gali et al. 
(2001) and others. Model M2 includes imported intermediate goods in production 
but no domestically produced inputs which is the specification adopted in the 
previous literature on open economy NKPCs, as in Leith and Malley (2003). Model 
M3 is the most general formulation of the open economy NKPC as developed in 
this paper, as it includes domestic and imported intermediate inputs in production. 
Furthermore, the models with extension A are estimated according to the first 
specification mentioned above (equation (13)) and the models with extension B are 
based on the second specification (equation (14)). In addition to the baseline 
models of each class where the elasticity of substitution between the variable 
factors of production, ρ , is freely estimated, a second specification is displayed 
where ρ  is restricted to 1, implying a Cobb-Douglas production function. In the 
lower part of the tables the estimates of the reduced form coefficients are reported 
for those specifications (M1, M2, M3) where the marginal cost term was 
significant. Specifically, the reduced form coefficients estimates along with their 
significance levels were obtained from the estimation of the following reduced 
form model (the notation follows Gali et al. (1999) 

[ ]1 1ˆ ˆ ˆd d d
t t tt f bE γ γ λπ π π+ −= + + ..... . In the last row of each table the specific 

instrument set that was used in the estimations of the different specifications for 
each country is listed.  
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3.3.1 Comparison of Results across Countries 

In discussing the results we want to focus on some systematic findings that emerge 
from the comprehensive evidence on estimations of different specifications of the 
hybrid NKPC for nine euro area countries and the euro area itself. When screening 
the tables one striking result is the large degree of heterogeneity in the estimated 
structural parameters of the price-setting model across euro area countries but also 
across specifications for each country. Concerning the estimated persistence of 
prices measured by both, θ  and ω , we realize that persistence seems to be highest 
in Germany (table 3) and for the euro area aggregate (table 10) and lowest for 
Greece (table 7), the Netherlands (table 9) and Finland (table 5) while the results 
for Spain (table 4), France (table 6) and Italy (table 8) are fairly similar displaying 
an intermediate degree of persistence. The fact that persistence is found to be 
higher in countries with rather closed economies than in countries with rather open 
economies can be taken as a first indication that open economy considerations 
matter for the NKPC. This question, however, is formally tested across 
specifications within each country which will be presented in the next subsection.  

When comparing the results with those of related studies and bearing in mind 
all the differences concerning instruments used and the sample length we find that 
they are more or less in line with Gali et al. (2001) and McAdam and Willman 
(2003) for the euro area. Our estimate for θ  in the closed economy specification A 
of 0.78 is very similar to 0.79 in Gali et al. and 0.8 in McAdam and Willman while 
the estimates for β  and ω  are quite lower in Gali et al. but similar in McAdam 
and Willman. Comparing our results for Spain to those obtained by Gali and 
Lopez-Salido (2001) we realize a considerable difference in that our estimates for 
θ  and ω  are consistently lower and the estimates for β  are consistently higher 
than in the other paper for both, the closed economy as well as the open economy 
specifications. There is, however, an important difference in the empirical 
implementation of the NKPC in that Gali and Lopez-Salido consider only the case 
of constant returns to labor in production while we assume decreasing returns to 
labor (and imported intermediate goods). Compared to Sondergaard (2003) our 
results for Italy, France and Spain yield somewhat lower estimates for the 
persistence parameter θ  in the open economy specification but a comparison of 
the results between the two papers is difficult as the empirical implementation of 
the NKPC is rather different in Sondergaard (he uses other price indices and 
focuses on the traded sector only). Finally, our results for Germany, France and 
Spain are quite similar to the results in Leith and Malley (2003) who estimate an 
open economy NKPC (corresponding to M2 in this paper) for the G7 countries. In 
particular, the ranking of the three countries with respect to price rigidity is the 
same in both papers with Germany showing the most rigid price-setting behavior, 
followed by France and Spain.  
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3.3.2 Comparison of Results across Specifications 

Next we focus on the question if structural price rigidity as derived from our results 
differs for different specifications of the same country. When comparing the 
estimates of the “price rigidity parameter" θ  between the closed economy 
formulation M1 and the open economy formulation M2 a systematic difference 
emerges of the form that estimated price rigidity tends to be lower when imported 
intermediate prices are allowed to affect firm’s marginal costs.12 This is consistent 
with the idea that firms whose input prices vary more (due e.g. to volatile raw 
material prices) also adjust their prices more frequently than others. Exceptions 
from this tendency are Spain, Greece and Austria where the coefficients are 
basically unaffected by the introduction of open economy effects. The comparison 
of coefficients across models is summarized in table 11 which shows the difference 
in the estimates of θ  and ω  between M1 and M2 in the first row of each country 
panel, the %-difference in parenthesis and the t-value for a t-test of statistically 
significant parameter difference of non-nested models.13 Table 11 reveals that in 
70% of all comparisons of M1 and M2 (14 out of 20 total specifications, i.e. 
specification A and B for each country) θ  is higher for M1 than for M2, the 
average %-difference between the two models is 15.8% but the difference is never 
statistically significant for these 14 cases. There is only one statistically significant 
difference when comparing θ  between M1 and M2 for France in specification B, 
but the difference goes the other direction, i.e. 1 2ˆ ˆ 0M Mθ θ− < . In general it is very 

                                                      
12 There is a discussion in the literature which parameter of the model appropriately 

indicates the degree of price rigidity in the case of a hybrid NKPC. Besides the 
probability of a price change, price rigidity can also be associated to the share of 
backward looking firms, ω , as they introduce some past-dependence in the pricing 
process. Based on this reasoning, Benigno and Lopez-Salido (2001) propose a formula 
that combines θ  and ω  to derive the average duration between price changes: 

1 1
1 1D θ ω− −= . However, as this derivation is valid only under certain assumptions and in 

order to be comparable to other studies we report the implied duration between price 
changes in the conventional form 1

1D θ−=  and interpret θ  as the parameter indicating 
price rigidity. 

13 The test statistic is 

1 2
2 2

1 2

ˆ ˆ

ˆ ˆ
M M

M Mθ θ

θ θ

σ σ

−

+
 where 1ˆ Mθσ  and 2ˆ Mθσ  are the empirical standard 

deviations of the coefficient estimates of 1ˆMθ  and 2ˆMθ . This test statistic is t-
distributed with 1 2 1 2( )n n k k+ − −  degrees of freedom where 1n  and 2n  are the 

number of observations underlying the estimation of M1 and M2, respectively, and 1k  

and 2k  are the number of coefficients to be estimated in M1 and M2. 
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hard to find significant results in table 11 on the difference of coefficients that are 
bounded between 0 and 1 (most of them even vary within a much smaller range 
between 0.4 and 0.7 in the case of θ ) but a difference of more than 10% implying 
a difference in price duration of 1 to 2 months can be interpreted to be at least 
economically significant. The result that structural price rigidity turned out to be 
smaller in the open economy specification compared to the closed economy 
specification has also been found in Rubene and Guarda (2004) for Luxembourg, 
while no significant difference across closed and open economy specifications has 
been found in Leith and Malley (2003) for the G7 countries.  

Interestingly, when moving from the open economy specification M2 to the 
most general model M3 – with imported and domestically produced intermediate 
inputs – θ  is systematically found be be higher than in M2, many times also higher 
than in the closed economy case. This could reflect substitution of imported 
intermediate goods by domestic intermediate goods when the relative price of the 
former increases, thus mitigating the need for the firm to adjust prices. table 11 
reveals that in all but one cases (95%) θ  increases from M2 to M3 and for 5 out of 
10 countries even significantly. The average %-difference between θ  in M2 and 
M3 over all specifications is 24.7%. In 75% of the cases price rigidity as measured 
by θ  in M3 is also higher than in the closed economy specification M1, for 3 
countries even significantly.  

A similar pattern as has been described for θ  can also be found for the 
parameter indicating the importance of backward-looking price setting ω : It is 
found to be lower in the open economy specification than in the closed economy 
and the general specification M3, however the pattern is somewhat less systematic 
(in 65% of all comparisons between M2 and M3 in table 11 ω  is higher in M3). 
Contrary to the findings of Leith and Malley (2003), these two parameters seem to 
be positively correlated across models in our analysis.  

The estimates of the discount rate of firm’s future profits, β , are found to be in 
a reasonable range between 0.9 and 1, in some cases even larger than 1 but never 
significantly larger than 1. Compared to related studies, e.g. Leith and Malley 
(2003) and Gali et al. (2001), our estimates of β  are much closer to 1 which is also 
theoretically more plausible given that it reflects the quarterly subjective discount 
rate of future profits. Furthermore, the estimates of β  are not systematically 
affected by the specification of the model.  

The elasticity of substitution between the variable factors of production ρ  can 
only be estimated imprecisely, as it is found to be significant only in very few 
cases. This implies that – with the exception of these few cases, e.g. M2B in France 
and M3B in Greece – assuming a Cobb-Douglas production technology, i.e. 1ρ = , 
or a Leontief production technology, i.e. 0ρ = , would fit the data equally well. 
This finding, which is also in line with the results in Leith and Malley (2003), 
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could be explained – as they state – by the fact that at the quarterly frequency firms 
may not be able to substitute between the different inputs in response to quarterly 
price movements, resulting in an imprecise estimation of this parameter.  

3.3.3 Results Related to the Reduced form Specification 

When trying to assess which model (M1, M2 or M3) is most appropriate to 
characterize the inflation process in the euro area countries we turn to the 
performance of the model estimated in its reduced form. The reason is that when 
the reduced form coefficient on the marginal cost term λ  cannot be estimated 
significantly we have an identification problem of the structural parameters of the 
model which then become unreliable (see Guay and Pelgrin (2004)). Thus, the 
structural parameters of the model given in the tables are only conditional on a well 
specified reduced form. Comparing the reduced form coefficients on the marginal 
cost term we note that the general model M3 with imported and domestically 
produced intermediate inputs in production and the model M2 with only imported 
intermediate goods in production are found to be more appropriate to track the 
inflation process in all euro area countries than M1 as λ  was found to be 
significant for M1 only in France and Finland (remember that the reduced form 
specification is only reported in the tables for those models where λ  is 
significant). Thus, we conclude that open economy aspects matter for the 
performance and the fit of the NKPC. More pronounced, based on these results one 
could also claim that for most euro area countries the closed economy model of the 
NKPC is misspecified and the open economy model should therefore be preferred.  

Another finding that emerges quite consistently from the estimates of the 
reduced form coefficients shown in the tables in the Appendix is that the weight on 
the forward looking coefficient, fγ , is predominant in most countries (with the 
exceptions of Austria and Italy), thus confirming the dominance of forward looking 
behavior in the hybrid NKPC found in most other studies for European countries, 
see e.g. Gali et al. (2001) and Sondergaard (2003).14  
It should be noted also that for many countries differences in coefficients estimates 
between specifications A and B are more pronounced than differences between the 
model types M1, M2, M3 which indicates that the way of normalization is 

                                                      
14 A qualification to this finding could be the result of Jondeau and Le Bihan (2003) that the 

forward looking coefficient in a hybrid NKPC estimated by GMM appears to be biased 
upwards in small samples and in case of misspecification of the model’s dynamics. This 
potential undermining of the reliability of the coefficients estimates doesn’t seem to be a 
severe problem for our results as fγ  did generally not turn out to be particularly large in 
our estimations. Specifically, it was found to be larger than 0.65 only for Spain. 
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important for the results. This fact is also the reason why in table 11 only models 
within specification either A or B are compared and not across specifications.  

Some sensitivity analysis with the calibrated parameters of the model has shown 
that assuming a higher steady state markup μ  increases the estimate of the 
persistence parameter θ  consistently across models and specifications.15  

The estimates of the average duration of prices implied from θ  which in our 
analysis vary between 6 and 12 months for most specifications are found to be 
consistently lower than suggested by the evidence in the studies on the micro 
consumer price data in the IPN where the average duration turns out to be about 
one year for most countries. As our estimates are derived from aggregate data as 
opposed to micro data in the other studies, aggregation – besides the fact that 
different price indices are considered – could explain part of the difference.  

4. Conclusions 

In this paper an open economy hybrid New Keynesian Phillips Curve is estimated 
for nine euro are countries and the euro area aggregate. The model is estimated in 
three different variants (specifications): in the closed economy specification with 
only the labor share as the driving variable of inflation, in the open economy 
specification with imported intermediate goods in production, and in the more 
general open economy specification which additionally includes also domestically 
produced intermediate inputs in production. From the comparison of our results 
across these specifications we find that the degree of structural price rigidity as 
measured by the Calvo probability of changing a price is systematically higher for 
the closed economy case than in the open economy case with only imported 
intermediate inputs in production. A reason for this could be that when firms face 
more variable input costs as they import from volatile international markets they 
tend to adjust their prices more frequently. This is in contrast to the existing 
literature on the open economy NKPC, see e.g. Leith and Malley (2003) on the G7 
countries and Gali and Lopez-Salido (2001) on Spain, who found that the structural 
parameters of the model were largely unaffected by the introduction of open 
economy factors. However, these papers estimated the open economy NKPC for 
relatively large and closed economies for which our results are also less clear cut 
than for the whole set of countries.  

When comparing the open economy case with only imported intermediate 
inputs and the most general specification with imported and domestically produced 
intermediate inputs, structural price rigidity is found to be systematically higher in 
the latter case. This could be due to substitution of imported by domestic 
intermediate goods when the relative price of the former increases, thus mitigating 

                                                      
15 The results for varying μ  from 1.1 to 1.4 are available on request. 
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the need for the firm to adjust prices. The general open economy model was also 
found to be the most appropriate specification to characterize the inflation process 
in most euro area countries as it could fit the data best in the reduced form 
estimations of the model.  

From the viewpoint of monetary policy makers the results indicate that when 
taking into account open economy effects, estimated price rigidity turns out to be 
less pronounced than the closed economy model of the New Keynesian Phillips 
Curve used in the literature so far would suggest. This furthermore implies that 
prices react faster to monetary and other shocks than indicated in the existing 
literature and, conversely, that the real effects of monetary policy could be less 
substantial than implied from this literature. The degree of openness of an 
economy, thus, becomes an important determinant of aggregate price rigidity and 
the way supply and demand shocks are transmitted to the rest of the economy.16 
The results also give some indication that the closed economy model at least for the 
data set used in this study is misspecified by omitting important (open economy) 
variables and that the open economy specification should be preferred instead.  

The main contribution of this paper is to deliver a comprehensive evidence on 
the empirical performance of the open economy NKPC in different variants and 
specifications. In that, however, it can only be a starting point as more refined 
models would have to be developed to incorporate some stylized facts of price 
setting in open economies, like pricing to market, exchange rate dynamics, current 
account issues, etc. A further extension would also be to apply the open economy 
NKPC to alternative estimation techniques like maximum likelihood, the three-step 
GMM (3S-GMM) or the continuously updated GMM (CUE) estimators (as has 
been done in Guay and Pelgrin (2004) for the U.S.A.).  
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Appendix 

Table 1: GMM Estimates for Austria, Dependent Variable 
 Quarter-on-Quarter GDP Inflation 

 

 
Note: The stars attached to the coefficients estimates show the significance levels, where ∗  denotes 

significance at the 10%, ∗∗  at the 5% and ∗∗∗  at the 1% level. Models M1, M2 and M3 refer 
to expression (10) “including" (12) estimated for the closed economy case (M1), i.e. 0fm

s =  

and 0dm
s = , for the open economy case with imported intermediate inputs (M2), i.e. 

0fm
s ≠  and 0dm

s = , and the most general specification with imported and domestically 

produced intermediate inputs (M3), i.e. 0fm
s ≠  and 0dm

s ≠ . M1 is estimated without ρ  

as this parameter does not appear in the closed economy specification. Specifications A and B 
refer to expressions (13) and (14), respectively. The duration of prices implied from θ  is 

calculated as 3
1 θ−  and given in months for comparison with other papers in the IPN.  
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Table 2: GMM Estimates for Belgium, Dependent Variable  
Quarter-on-Quarter GDP Inflation 

 

Table 3: GMM Estimates for Germany, Dependent Variable  
Quarter-on-Quarter GDP Inflation 
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Table 4: GMM Estimates for Spain, Dependent Variable  
Quarter-on-Quarter GDP Inflation 

 

Table 5: GMM Estimates for Finland, Dependent Variable 
 Quarter-on-Quarter GDP Inflation 
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Table 6: GMM Estimates for France, Dependent Variable  
Quarter-on-Quarter GDP Inflation 

 
 

Table 7: GMM Estimates for Greece, Dependent Variable  
Quarter-on-Quarter GDP Inflation 
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Table 8: GMM Estimates for Italy, Dependent Variable  
Quarter-on-Quarter GDP Inflation 

 

Table 9: GMM Estimates for the Netherlands, Dependent  
Variable Quarter-on-Quarter GDP Inflation 
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Table 10: GMM Estimates for the Euro Area, Dependent  
Variable Quarter-on-Quarter GDP Inflation 
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Table 11: Difference in Coefficients Estimates across Models M1, M2 and 
M3 and Corresponding T-Tests for all Countries 
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Table 11 continued: Difference in Coefficients Estimates 

 
Note: M1-M2 gives the difference of the estimated coefficients values of θ  and ω  for specification 

A according to expression (13) and specification B according to expression (14) for M1 and M2 
and in parenthesis the %-difference between M1 and M2: 100(M1-M2)/M2. The t-values are 

based on the test statistic 1 2
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 where 

1ˆ Mθσ  and 
2ˆ Mθσ  are the empirical standard 

deviations of the coefficient estimates of 1ˆMθ  and 2ˆMθ . This test statistic is t-distributed with 

1 2 1 2( )n n k k+ − −  degrees of freedom where 1n  and 2n  are the number of observations 

underlying the estimation of M1 and M2, respectively, and 1k  and 2k  are the number of 
coefficients to be estimated in M1 and M2. The stars attached to the t-values show the 

significance levels, where ∗  denotes significance at the 10%, ∗∗  at the 5% and ∗∗∗  at the 1% 
level.  

 




