
Are Armington elasti
ities di�erent a
ross 
ountries and se
tors?

A European study

†

This version: Mar
h 14, 2013

Zoryana Olekseyuk, Hannah S
hürenberg-Fros
h

∗

Abstra
t

CGE models are widely used for poli
y evaluation and impa
t analysis. The modeling te
h-

nique is espe
ially useful in the analysis of trade reforms, tax reforms, energy se
tor reform

and development poli
y analysis. However, the results of su
h models are often argued to

be sensitive to the 
hoi
e of exogenous parameters su
h as trade elasti
ities. Several authors

show that the 
hoi
e of the so-
alled Armington elasti
ities in the import demand fun
tion

has a strong in�uen
e on the simulation results. Most existing estimates of Armington elas-

ti
ities are only for the U.S. The few studies for other 
ountries �nd substantially di�ering

results. Nevertheless, many CGE modellers simply adopt the elasti
ities from the literature.

This paper aims at providing estimated elasti
ities based on re
ent data for a larger group of

European 
ountries. Using 
ointegration analysis and panel �xed e�e
ts analysis we estimate

the �rst order 
ondition resulting from 
ost minimization or utility maximization subje
t to

the CES subutility or 
ost fun
tion in imports and domesti
 goods. The results show a rather

large varian
e a
ross se
tors and 
ountries, and the magnitude is only partly 
omparable to

the U.S. elasti
ities.
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1 Introdu
tion

CGE models are a widely used and a

epted te
hnique for poli
y evaluation and impa
t

analysis. The modelling te
hnique is espe
ially useful in the analysis of trade reforms,

tax reforms, energy se
tor reform and development poli
y analysis. However, the results

of su
h models are often argued to be sensitive to the 
hoi
e of exogenous parameters

su
h as elasti
ties. Apart from the elasti
ities of substitution between produ
tion fa
-

tors in the produ
tion fun
tion, the so-
alled Armington elasti
ities whi
h determine

the substitutability between domesti
 goods and imports are often mentioned as one of

the 
aveats of CGE models. M
Daniel & Balistreri [2002℄, S
huerenberg-Fros
h [2012℄,

Siddig & Grethe [2012℄ and others show that the 
hoi
e of the Armington elasti
ities in

the import demand fun
tion has a strong in�uen
e on the simulation results. Hen
e, it

is very important to 
hoose these elasti
ities appropriately. Unfortunately, many CGE

papers are not very transparent 
on
erning the 
hoi
e of elasti
ities and the sensitivity of

the results with respe
t to this 
hoi
e. As e.g. Wels
h [2008℄ points out �In pra
ti
e, the

elasti
ities employed are frequently based on 'guestimation' or on estimates pi
ked from

the literature.�

There exist a number of estimations for Armington elasti
ities and the results of these

are frequently used in CGE studies. This paper argues that this strategy 
ould lead to

severely biased model results as the estimated elasti
ities might not be appli
able to either

the spe
i�
 model or 
ountry in question. The reasons are the following:

Most existing studies provide results only for the US. Even among the estimated elasti
-

ties for the US there is some varian
e found. More importantly, the few studies for other


ountries [su
h as Gibson, 2003; Wels
h, 2006, 2008℄ �nd substantially di�ering results.

But studies for other 
ountries are very s
ar
e. Thus, the often formulated argument that

time-series studies �nd rather small elasti
ities might simply be driven by rather small

elasti
ities in the spe
i�
 US 
ase.

One result that emerges quite 
learly from the literature is that elasti
ities di�er de-

pending on the level of aggregation used in the data. It is uniformly found a
ross most

studies that elasti
ities tend to be higher the more disaggregate the underlying data is.

Thus, a CGE modeler ought to use estimated elasti
ities from a study with the same level

of se
toral disaggregation he uses in his model. However, the mentioned studies for the

US have a rather high level of disaggregation with 180-200 industries in
luded. Most CGE

studies are mu
h more aggregate. Nonetheless, as M
Daniel & Balistreri [2002℄ point out,

authors simply 
al
ulate the average elasti
ity a
ross subse
tors and use this number for

their aggregated se
tor. This might lead to an aggregation bias and thus to biased CGE

results.
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Wels
h [2006℄ argues that the Armington elasti
ities de
rease over time due to intra-

industry spe
ialization among open e
onomies. He also �nds indi
ations for this hypoth-

esis in Fren
h data. Thus, elasti
ities from older studies (e.g. from the 1990s or earlier)

might not be useful in models based on more re
ent data as the trade pattern and trade

motives might have undergone important 
hanges sin
e then.

Blonigen & Wilson [1999℄ investigate the determinants of Armington elasti
ities. In ad-

dition to se
tor-spe
i�
 e�e
ts they also �nd 
ountry-spe
i�
 determinants su
h as trade

poli
y. This implies that the use of elasti
ities from another 
ountry might be misleading.

In addition, a 
omparison of estimated elasti
ities a
ross 
ountries is very di�
ult as

the studies often not only di�er in the 
ountry but also in the degree of disaggregation, the

method applied, the time horizon, the data frequen
y and even the underlying stru
tural

model.

This paper aims to provide additional insights in the aforementioned aspe
ts by provid-

ing estimated elasti
ities based on re
ent data for a larger group of European 
ountries.

We fo
us here on elasti
ities for CGE modeling. Thus, we aggregate our data to the same

level as used in most CGE appli
ations. We also derive our fun
tional form from these

models.

1

We then make 
omparisons a
ross the di�erent 
ountries in order to analyze

whether and to whi
h extent the usage of elasti
ities from another 
ountry is possible.

2 Literature review

M
Daniel & Balistreri [2002℄ show in a simulation exer
ise that the 
hoi
e of the elasti
ity

might be 
ru
ial in determining welfare gains or losses from a given poli
y reform. They

�nd that even a qualitative swit
h in the overall welfare result is possible by 
hanging the

Armington elasti
ity. S
huerenberg-Fros
h [2012℄ shows by drawing elasti
ities randomly

from a uniform distribution that even though the quantity variables are robust, pri
e

results are quite sensitive with respe
t to the elasti
ity set. A similar approa
h is used by

Frey & Olekseyuk [2011℄ with 
omparable results.

Several studies have estimated Armington elasti
ities sin
e the 1970s, summaries of the

literature 
an be found for instan
e in M
Daniel & Balistreri [2002℄ and Wels
h [2008℄.

We fo
us here on the most re
ent �ndings on the size and determinants of Armington

elasti
ities. The most striking impression from the literature study on estimated Arm-

ington elasti
ities is that the overwhelming majority of time series estimations with dis-

1

We do expli
itly not 
onsider the studies and methods based on partial trade models. A very profound reasoning

why these are not transferable to a CGE setting is provided by M
Daniel & Balistreri [2002℄.
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aggregated industries are for the United States. Only very few time series analysis exist

for other 
ountries as also Wels
h [2008℄ points out. Re
ent examples for the US are

Reinert & Roland-Holst [1992℄ and Gallaway et al. [2003℄.

Most generally the Armington estimates available 
an be grouped as follows: There exist

single-
ountry time series studies, and a limited number of 
ross-se
tional or panel studies.

In addition, one needs to distinguish between those studies that estimate a CES fun
tion

whi
h is basi
ally derived from a 
orresponding CGE model and those that estimate a

multi-equation trade model. While some studies estimate the so-
alled 'ma
ro'-elasti
ity,

i.e. the elasti
ity of substitution between domesti
 and foreign goods other estimate the

'mi
ro'-elasti
ity whi
h is the elasti
ity of substitution between di�erent 
ountries of ori-

gin. Few studies follow a nested approa
h and estimate both. Moreover studies di�er

in the frequen
y of the data and degree of se
toral disaggregation used as well as in the

e
onometri
 pro
edure applied. To sum up, even though there exists quite a number of

studies in the �eld, results are hardly 
omparable a
ross these studies - a point also made

by M
Daniel & Balistreri [2002℄. Nonetheless, many authors make this exa
t 
omparison.

Following M
Daniel & Balistreri [2002℄ some general �ndings emerge from the literature:

1. Long-term elasti
ities are larger than short-term elasti
ities. This point is indeed

found by most authors even though using quite substantially di�ering approa
hes

to rea
h this 
on
lusion. The studies by Gallaway et al. [2003℄, Wels
h [2006, 2008℄

and Németh et al. [2011℄ use error 
orre
tion models and thus expli
itly estimate a

short-term and a long-term relationship for ea
h se
tor. Gibson [2003℄, in 
ontrast,


omes to the same 
on
lusion by 
omparing results obtained with quarterly data

and annual data. This �nding is very intuitive given that the rea
tion to 
hanges in

relative pri
es might be rather slow due to high adjustment 
osts.

2. The 'mi
ro'-elasti
ity whi
h determines the ease of substitution between foreign

goods of di�erent origins is mu
h higher than the 'ma
ro'-elasti
ity between do-

mesti
 and foreign goods. This point, too, is quite intuitive espe
ially in the 
ontext

of a large gap in te
hnology between the respe
tive 
ountry and its trading part-

ners. M
Daniel & Balistreri [2002℄ argue that some authors 
onfuse these elasti
ities

and 
ompare results for the one with results for the other. This stylized fa
t 
an

be found both by 
omparing studies that only estimate the ma
ro elasti
ity (like

e.g. Shiells & Reinert [1993℄, Reinert & Roland-Holst [1992℄, with studies that only

estimate the mi
ro elasti
ity. The �nding is 
on�rmed by studies that follow a two-

stage-pro
edure and estimate the nested-CES-fun
tion like Németh et al. [2011℄ and

Feenstra et al. [2012℄.

3. The estimated elasti
ities in
rease with the degree of disaggregation in the data.
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Again, a very intuitive �nding, as more disaggregate data 
ontains se
tors that are

more homogeneous in the produ
ed goods and thus also higher in their international

substitutability. This phenomenon is generally 
onsidered as an �aggregation bias�.

While this might be true in the e
onometri
 
ontext, if the estimated elasti
ities

are to be used for a CGE model, the problem is somewhat more 
omplex. The

aggregation in the data used for estimation should, in our view, mat
h the disaggre-

gation that will be used in the respe
tive CGE model. Hen
e, while the estimated

elasti
ities at a 2-digit-level might be to low for the use in a very disaggregate trade

model, they might however be more 
onvenient for a rather aggregated CGE model

- a point whi
h is also made by Wels
h [2006℄. Given that this aggregation problem

has been 
on�rmed by many studies, one should, as M
Daniel & Balistreri [2002℄

point out, be 
autious in using elasti
ities from a very aggregate estimation in a

more disaggregate setup or vi
e versa. However, this is a 
ommon pra
ti
e.

4. Many authors argue that elasti
ities in time-series studies are smaller those those

resulting from �
ross-se
tional� studies. However, this 
on
lusion 
an be questioned.

First of all, most time-series estimations refer to the US while 
ross-se
tional studies

partly only 
over Europe. Hen
e, the US might as well just be an outlier and the

average elasti
ity in larger 
ross-se
tions is simply higher be
ause also the single-


ountry elasti
ities would be higher if they would have been investigated. An indi-


ation for this fa
t 
an be found in Gibson [2003℄ who �nds at least for South Afri
a


onsiderably higher elasti
ities in a time-series study. Note that the de�nition of

�
ross-se
tional� is not the same a
ross studies. Some have the 
ross-se
tional di-

mension �trading partner� while others estimate a
ross se
tors and a third group

uses a 
ross-se
tion of importing 
ountries. Thus, some in fa
t estimate the 'mi
ro'

elasti
ity, some estimate the 'ma
ro' elasti
ity and some estimate a 
ross-se
toral

average elasti
ity per 
ountry whi
h should be highly biased if an aggregation bias

exists. Nonetheless, the fa
t that the US time series estimations lead to 
onsiderably

lower results 
ompared to alternative approa
hes should not be ignored and will be

part of our fo
us in this paper.

M
Daniel & Balistreri [2002℄ raise another question whi
h 
on
erns the 
orresponden
e

between the e
onometri
 model and the CGEmodel. Some authors su
h as Erkel-Rousse & Mirza

[2002℄ argue that the results of a single equation estimation dire
tly estimating the CES-

fun
tion are biased as the resulting elasti
ity also in
ludes the supply elasti
ity. These

authors use a system of equations based on a trade model. Nonetheless, the CES fun
tion

whi
h is used in most of the studies dire
tly stems from the CGE models in whi
h the

Armington elasti
ity will be employed. Thus, even though the estimates from a dire
t

estimation of the CES fun
tion might be biased both due to the left-out supply side and

due to a rather high degree of se
toral aggregation they might still be the best possible

study design for the Armington elasti
ity in CGE models.
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Most time series studies, espe
ially those for the US, use 3-digit-level data i.e. be-

tween 150 and 200 se
tors and employ either a simple OLS, an OLS with lagged en-

dogenous variables or, more re
ently, error 
orre
tion approa
hes as the variables are

typi
ally integrated. Examples for time-series approa
hes are Reinert & Roland-Holst

[1992℄, Shiells & Reinert [1993℄, Gallaway et al. [2003℄ and Blonigen & Wilson [1999℄ for

the US, [Kapus
inski & Warr, 1996℄ for the Philippines, Gibson [2003℄ for South Afri
a

and Wels
h [2006℄ for Fran
e. Saito [2004℄, Wels
h [2008℄ and Németh et al. [2011℄ pro-

vide panel data results. The panel studies typi
ally use a mu
h higher aggregation with

only 6-15 se
tors. The elasti
ities found in panel studies are slightly smaller than those

found in time-series studies thus 
ontradi
ting the argument that 
ross-se
tional studies

per se obtain higher results.

This paper tries to shed light on observable patterns in estimated elasti
ities by 
om-

paring the ma
ro elasti
ity obtained from a 2-digit-level data set (whi
h is the degree of

disaggregation also used in EU and OECD SAMS and thus used in many CGE studies

for these 
ountries) a
ross European 
ountries. We try to �ll two gaps in the literature.

1.) Provide estimated elasti
ities for a number of 
ountries outside the US and 2.) See

whether it is a

eptable to use estimated elasti
ities for another 
ountry when spe
ifying

a CGE model - whi
h is very often done in pra
ti
al CGE work.

3 Theoreti
al ba
kground

In his seminal paper �Theory of Demand for Produ
ts Distinguuished by Pla
e of Pro-

du
tion� Armington [1969℄ developed the theoreti
al basis used as modeling approa
h for

import demand in most CGE studies. Armington assumes that produ
t varieties from

di�erent pla
es of produ
tion are imperfe
t substitutes. Thus 
onsumers will at the same

time 
onsume home and foreign varieties of the same good. Their demand for the di�erent

varieties will depend on the so-
alled Armington elasti
ity. The Armington elasti
ity will

be lower, the higher the per
eived di�eren
e between the varieties.

The CES subutility fun
tion for imports in the named models is normally assumed to

be:

U(M,D) = α
[

βM
σ−1

σ + (1− β)D
σ−1

σ

]
σ

σ−1

, (1)

where α and β will be 
alibrated from base year data and σ denotes the 
onstant elasti
ity

of substitution between imports (M) and domesti
 supply (D).
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Utility maximization yields the following �rst-order 
ondition:

M

D
=

[(

β

1− β

)(

pD

pM

)]σ

, (2)

where pD and pM denote the pri
es of the domesti
 and foreign variety respe
tively.

Taking equation (2) in natural logarithms leads to the regression fun
tion:

ln

(

M

D

)

= σ ln

(

β

1− β

)

+ σln

(

pD

pM

)

, (3)

where the Armington elasti
ity 
an be derived dire
tly from the estimated 
oe�
ient

of the pri
e relation between domesti
ally produ
ed and imported varieties.

4 E
onometri
 spe
i�
ation and data

This paper estimates equation (3) for the manufa
turing se
tors of seven European 
oun-

tries. The e
onometri
 pro
edure is as follows:

4.1 Data sour
es and limitations

The existing studies di�er signi�
antly in both the frequen
y of the data used and in the

degree of se
toral disaggregation. Our paper aims at providing guidan
e on the 
hoi
e of

elasti
ities in the CGE modeling 
ontext. Hen
e, given that the majority of CGEs is 
al-

ibrated based on yearly data and mainly interpreted to provide insights on medium term

developments, we run our regressions based on yearly data, even though this strongly lim-

its data availability. However, as other studies have shown signi�
ant di�eren
es between

long-term and short-term elasti
ities we sti
k with our 
hoi
e of yearly data in order to

prevent a downward bias in our results due to the use of quarterly data.

We 
ombine data from two sour
es: Produ
tion data stems from OECD's STAN database

whi
h 
omprises produ
tion data both in 
urrent and 
onstant pri
es for 32 OECD 
oun-

tries in ISIC Rev. 3 
lassi�
ation until the year 2009 and for 15 
ountries in ISIC Rev.

4 up to the year 2011. We need both time series in order to 
ompute the pri
e de�ator

series. As the STAN database does not 
omprise data on imports at 
onstant pri
es, we

used data from EUROSTAT's PRODCOM database for the import and export variables.

The PRODCOM data is only available from 1995 onwards and only 
overs the manu-

fa
turing se
tors, hen
e we had to limit our analysis to these se
tors and years as other

data sour
es with su�
ient se
toral detail, 
omparable se
tor 
lassi�
ation and 
overage

of both values and volumes were not available.

Table 1 des
ribes the two data sour
es. It shows that the PRODCOM data 
overs mu
h
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Table 1: Database properties

Indi
ator Sour
e Se
tor 
overage Period 
overage

produ
tion at 
urrent

pri
es (PROD)

OECD STAN ISIC 01-99 1970 - 2009/2011

produ
tion at


onstant pri
es

(PRODK)

OECD STAN ISIC 01-99 1970 - 2009/2011

Imports value

(IMP_VAL)

PRODCOM NACE Rev. 1.1 10-40 1995-2011

Imports quantity

(IMP_Q)

PRODCOM NACE Rev. 1.1 10-40 1995-2011

Exports value

(EXP_VAL)

PRODCOM NACE Rev. 1.1 10-40 1995-2011

Exports quantity

(EXP_Q)

PRODCOM NACE Rev. 1.1 10-40 1995-2011

less years and se
tors 
ompared to the STAN data. In addition, for some 
ountries, esp.

new EU member 
ountries, the time series only start in 2001. For other 
ountries the


onstant pri
e data in STAN was in
omplete or not available. Hen
e, we were only able

to 
al
ulate the required data for 9 
ountries and a subset of 18-21 se
tors. Nevertheless,

this is, to our knowledge, the broadest 
overage ever in
luded in an analysis of Armington

elasti
ities for European 
ountries.

4.2 Data transformation

The estimation of equation (3) requires data for the relation between imports and do-

mesti
 supply in quantity terms as well as for the pri
e relation. These data are not

readily available in any publi
 data sour
e and the data in 
onstant and 
urrent pri
es

from OECD STAN are also not dire
tly 
omparable to the data in volumes and quantities

from PRODCOM. We took the following steps to 
al
ulate the required series.

1. Imports and exports from PRODCOM were initially available in quantity and value

terms. We �rst 
al
ulated unit pri
es based on the two series.

2. We then 
al
ulated imports and exports in 
onstant terms and 
hoose the base year

in a

ordan
e to the base year in OECD STAN for the respe
tive 
ountry.

3. We then 
al
ulate the import and export pri
e de�ator, whi
h will be used as pri
e

proxy variable in our regression.

4. The produ
tion data was readily available in 
urrent and 
onstant terms. However,

we need data for domesti
 supply instead of domesti
 produ
tion. Hen
e, we 
al-
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ulated domesti
 supply as Domesti
 supply = Domesti
 produ
tion + Imports -

Exports. This measure was 
al
ulated both in 
urrent and 
onstant terms as well as

the resulting pri
e de�ator whi
h serves as a proxy for the domesti
 pri
e.

As a result we have a dataset whi
h 
overs 4 
ountries (Belgium, Cze
h Republi
, Den-

mark and Gree
e) in ISIC Rev. 3 se
tor 
lassi�
ation and 5 
ountries (Austria, Finland,

Fran
e, Hungary and Italy) in ISIC Rev. 4 se
tor 
lassi�
ation. The data and se
tor


overage are shown in table 2.

Table 2: Data 
overage


ountry se
tors years

ISIC Rev. 3

Belgium 15, 17-18, 20, 22-25, 27-36 1995-2009

Cze
h Republi
 15-36 2001-2009

Denmark 15-33, 35-36 1995-2007

Gree
e 13-15, 17-27, 29-33, 36 1995-2009 (in
omplete)

ISIC Rev. 4

Austria 09-13, 16-17,19-20, 22-30 1995-2011

Finland 9-11, 13-17, 20, 22-26, 28, 30 1995-2011

Fran
e 9-29 1995-2011 (in
omplete)

Hungary 16-17, 20-30 2001-2010

Italy 16-28, 30, 33 1995-2010

4.3 Time series properties

We 
ondu
t unit root tests to 
he
k whether the underlying time series are stationary or

integrated. This step is important as a regression with non-stationary time series may

lead to spurious regression with signi�
ant parameters and high values for the 
oe�
ient

of determination even if the variables are not 
orrelated. Hereby, a time series is non-

stationary if the mean and auto
ovarian
es of the series depend on time. If time series

are stationary in the �rst or se
ond di�eren
es (i.e. integrated of order one or two), it is

possible to estimate a 
ointegration relationship. A

ording to Engle & Granger [1987℄,

two variables are 
ointegrated if they are integrated with the same order and there exists

a linear 
ombination of the two series whi
h is integrated with lower order than the series.
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Following the Engle-Granger methodology, the residuals from an OLS estimation with

time series integrated of order one have to be stationary in 
ase of 
ointegrated variables.

The results for Augmented Di
key-Fuller (ADF) tests are shown in tables A.8 and A.9.

We test all the time series as well as the residuals for a unit root in the level, �rst and

se
ond di�eren
e with di�erent spe
i�
ations in the test equation: in
luding a 
onstant,

in
luding a 
onstant and a linear trend, and ex
luding the both. Most time series are

non-stationary, but integrated of order one or two. We hen
e run regressions for ea
h

se
tor in ea
h 
ountry where the requirements of the Engle-Granger-pro
edure are met

(i.e. same order of integration for both series) and for those series whi
h are stationary.

The 
orresponding residuals from the OLS estimations are stationary only for some se
-

tors in ea
h of the 
ountries. For instan
e, for Gree
e we �nd a 
ointegrating relationship

in su
h se
tors as food produ
ts and beverages, paper and paper produ
ts, rubber and

plasti
 produ
ts and others.

We suspe
t that the non-stationarity of the OLS residuals is mainly driven by the short

time series for single se
tors and 
ountries as the number of observations varies between

9 for Cze
h Republi
 and 17 for Finland what implies a poor a

ura
y of stationarity and

integration tests.

4.4 E
onometri
 pro
edure

For se
tors whi
h possess initially stationary or 
ointegrated time series we estimate equa-

tion (3) using OLS following the above-mentioned Engle-Granger-pro
edure for integrated

time series. The results will be shown in the next se
tion. However, due to the rather

small number of observations per se
tor, we are often not able to 
learly identify a 
oin-

tegrating relationship at the se
toral level. As this leads to ex
lusion of many available

se
tors for every 
ountry due to the test result of non-stationary and not 
ointegrated time

series, we try to in
rease the number of observations and hen
e, the a

ura
y of both the

estimation and the test statisti
s, by pooling the data over 
omparable (i.e. neighbouring)

se
tors. A 
omparable strategy has been 
hosen by Wels
h [2008℄.
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Table 3: Se
tor pooling

ISIC Rev.3 ISIC Rev.4

single se
tor pooled se
tor single se
tor pooled se
tor

17 Textiles Textiles, 
lothing

and leather

produ
ts

10 Food produ
ts

Food, beverages,

toba

o

18 Wearing apparel 11 Beverages

19 Leather and related

produ
ts

12 Toba

o produ
ts

20 Wood and 
ork

produ
ts

Wood and paper

produ
ts

13 Textiles Textiles, 
lothing

and leather

produ
ts21 Paper and paper

produ
ts

14 Wearing apparel

23 Coke, re�ned

petroleum prod-

u
ts and nu
lear

fuel

Coke, petroleum,

fuel and


hemi
als

15 Leather and related

produ
ts

24 Chemi
als and


hemi
al produ
ts

16 Wood and 
ork

produ
ts

Wood and paper

produ
ts

25 Rubber and plasti
s

produ
ts

Rubber, plasti
s

and non-metalli


produ
ts

17 Paper and paper

produ
ts

26 Other non-metalli


mineral produ
ts

19 Coke and re�ned

petroleum produ
ts

Coke, petroleum,


hemi
als and

pharma
euti
al

produ
ts

29 Ma
hinery and

equipment Ma
hinery

20 Chemi
als and


hemi
al produ
ts

30 O�
e, a

ounting

and 
omputing

equipment

21 Basi
 pharma
eu-

ti
al produ
ts and

preparations

31 Ele
tri
al ma
hinery

and apparatus

22 Rubber and plasti
s

produ
ts

Rubber, plasti
s

and non-metalli


mineral produ
ts34 Motor vehi
les, trail-

ers and semi-trailers

Transport

vehi
les and

equipment

23 Other non-metalli


mineral produ
ts

35 Other transport

equipment

24 Basi
 metals Metals and

fabri
ated metal

produ
ts25 Fabri
ated metal

produ
ts

26 Computer, ele
-

troni
 and opti
al

produ
ts

Ele
troni
,


omputer, opti
al

and ele
tri
al

equipment27 Ele
tri
al equipment

We pool 
omparable industries to broader groups (see Table 3) with the aim to in
rease

the degrees of freedom and to obtain further reliable estimates for the Armington elas-

ti
ities. The approa
h to 
ombine information from the time series dimension with the


ross-se
tional one is often used in 
ases with short time series whi
h are available a
ross

a 
ross-se
tion of units su
h as 
ountries, regions, �rms or industries.

2

2

See Banerjee [1999℄, Baltagi & Kao [2000℄.
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As the pooled se
tors in
lude several single industries we implement a panel �xed e�e
ts

analysis a

ounting for individual e�e
ts. As we expe
t a 
ontemporaneous 
orrelation

between the single industry residuals we use 
orre
ted White 
ross-se
tion standard er-

rors [See White, 1980℄ to allow for non-zero 
ovarian
es a
ross 
ross-se
tions 
lustered by

period. The pro
edure of OLS estimation 
ombined with bias 
orre
tion for the auto-


orrelated disturban
es is 
ommon pla
e in panel analysis a

ording to Arellano [1987℄,

Moulton [1986℄ and Hansen [2007℄. Kezdi [2005℄ demonstrates that �nite samples with a

low number of observations 
an be used for panel analysis if standard error 
orre
tion is

used in 
ase of serial 
orrelation in the error pro
ess.

5 Results

5.1 Single-se
tor 
ointegration analysis

The analysis of the time series properties showed that for most 
ountries both the pri
e

and quantity ratio series are non-stationary, but integrated of order one or two. This

implies the risk of spurious regression meaning that non-stationary and not 
ointegrated

time series may lead to signi�
ant 
oe�
ients for the Armington elasti
ity without any

e
onomi
 meaning. Hen
e, we perform simple time series OLS estimations only for those

se
tors of the eight

3

European 
ountries whi
h possess initially stationary or 
ointegrated

time series. Moreover, the restri
ted data availability

4

redu
es the number of estimates

further. For instan
e, for Hungary there is data for only 13 se
tors with 10 observations

available whi
h is not enough to estimate all industry-level elasti
ities. We 
annot present

any estimates for Belgium as the time series for all se
tors are non-stationary and obvi-

ously not 
ointegrated being integrated of di�erent orders. Therefore, we present here

the estimated 
oe�
ients for se
tors with available data and stationary or 
ointegrated

time series. These impli
ations allow us to estimate 7 elasti
ities for Finland, Austria,

Denmark and Gree
e, while for Fran
e and Italy only 3 
oe�
ients 
an be obtained.

Tables 4 and 5 summarize the OLS 
oe�
ient estimates for all 
ountries and se
tors

with stationary or 
ointegrated time series in the di�erent revisions of the ISIC 
lassi�
a-

tion. Only 17% of all estimates are insigni�
ant. Those are the elasti
ities for wood and

rubber produ
ts in Cze
h Republi
, other non-metalli
 mineral produ
ts in Denmark and

Fran
e, 
omputer, ele
troni
 and opti
al produ
ts in Hungary, wearing apparel in Finland

as well as for 
oke and re�ned petroleum produ
ts in Austria. The signi�
ant estimates

are between 0.30 and 3.67 whi
h is a plausible magnitude, when 
ompared to results in

the literature. Moreover, only 2 of the signi�
ant elasti
ities are negative (for food prod-

3

For Belgium we 
ould not 
learly determine the time series properties and have thus ex
luded it from all the

regressions shown.

4

See Table 2.
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u
ts in Finland and Austria), what lends some support to the validity of the obtained

results whi
h are 
omparable with other re
ent studies. For instan
e, Gibson [2003℄ �nd

for South Afri
a for 32 out of 42 industries positive and signi�
ant short-run Armington

elasti
ities in the range between 0.42 and 2.77. For the Philippines Kapus
inski & Warr

[1996℄ obtain estimates between 0.20 and 4.00. However, only half of their 
oe�
ients are

positive and signi�
ant. Wels
h [2008℄ derives elasti
ities for four European 
ountries

5

and 17 se
tors with values between 0.04 and 3.68. In his study 64% of all estimates are

signi�
ant at the 5% level and there are 8 negative estimates out of 53 
oe�
ients.

Our results indi
ate a rather large variation a
ross se
tors and 
ountries. In parti
ular,

the 
ountry averages over all se
tors vary from 0.68 in the Cze
h Republi
 to 1.91 in

Finland. There are also strong di�eren
es in the varian
e of the industry-spe
i�
 elasti
-

ities among the European 
ountries. While the estimates for Finland and Austria lie in

the interval rather broad intervals from 0.60 to 2.95 and 3.67 respe
tively, the values for

Denmark show a mu
h smaller range between 0.88 and 1.42 or for Italy even between 0.93

and 1.31. Su
h di�eren
es also o

ur for parti
ular se
tors. For instan
e, the estimated

values for beverages vary from 1.90 in Finland to 3.67 in Austria. The same applies to


omputer, ele
troni
 and opti
al produ
ts where the elasti
ities lie between 0.60 in Fin-

land and 1.31 in Italy, and to publishing, printing and reprodu
tion of re
orded media

with values from 0.71 in Gree
e to 1.06 in Denmark. Somewhat minor di�eren
es a
ross


ountries are found for non-metalli
 mineral produ
ts (from 0.94 in Italy to 1.25 in Aus-

tria) and for other transport equipment (from 1.13 in Denmark to 1.42 in Cze
h Republi
).

Generally speaking, we �nd smaller elasti
ities of substitution between imported and

domesti
 goods for se
tors with lower value added (pro
essing of raw materials and agri-


ultural produ
ts and basi
 manufa
turing) while elasiti
ites are higher in se
tors with

higher value added (more elaborate manufa
turing and te
hnology). In parti
ular, the

elasti
ity for mining support a
tivities in Austria is 0.61 while the value for motor ve-

hi
les, trailers and semi-trailers is higher with 1.37. The estimate of 0.30 for 
oke and

petroleum produ
ts in Cze
h Republi
 is mu
h lower than the elasti
ity for other transport

equipment with the value of 1.42. This implies that substitutability of low-level pro
essed

goods, su
h as primary and 
onsumer produ
ts, is lower 
ompared to investment and high

value-added goods. This �nding is 
onsistent with Saito [2004℄, who estimates Armington

elasti
ities between 0.90 and 3.50 for 14 OECD 
ountries and 10 se
tors with higher values

for ma
hinery and investment goods 
ompared to for 
onsumption goods.

5

Germany, Fran
e, Italy and United Kingdom.
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Table 4: Single-se
tor results for ISIC Rev. 3 
lassi�
ation

ISIC Rev. 3 Cze
h Republi
 Denmark Gree
e

Se
tor Coe�. R
2

Coe�. R
2

Coe�. R
2

13

Mining of metal ores

- - - - - -

14

Other mining and quarrying

- - - - - -

15

Food produ
ts and beverages

- - - - 1.30*** 0.85

[8.68℄

16

Toba

o produ
ts

- - 1.32*** 0.94 - -

[13.01℄

17

Textiles

- - 1.42*** 0.69 - -

[4.89℄

18

Wearing apparel

- - - - 1.21*** 0.68

[5.26℄

19

Leather and related produ
ts

- - - - - -

20

Wood and 
ork produ
ts

0.02 0.00 1.15*** 0.98 - -

[0.10℄ [21.84℄

21

Paper and paper produ
ts

- - - - 1.44*** 0.79

[6.97℄

22 Publishing, printing and

reprodu
tion of re
orded media

- - 1.06*** 0.98 0.71*** 0.74

[22.28℄ [6.04℄

23 Coke, re�ned petroleum

produ
ts and nu
lear fuel

0.30* 0.40 - - - -

[2.14℄

24 Chemi
als and 
hemi
al

produ
ts

- - 0.88*** 0.74 - -

[5.62℄

25

Rubber and plasti
s produ
ts

0.56 0.18 - - 0.89*** 0.88

[1.23℄ [9.95℄

26 Other non-metalli


mineral produ
ts

- - 0.57 0.06 - -

[0.84℄

27

Basi
 metals

- - - - 1.05*** 0.50

[3.61℄

28

Fabri
ated metal produ
ts

- - - - - -

29

Ma
hinery and equipment

- - - - 0.92*** 0.99

[34.56℄

30 O�
e, a

ounting and


omputing equipment

- - - - - -

31 Ele
tri
al ma
hinery

and apparatus

- - - - - -

32 Radio, television and


ommuni
ation equipment

- - - - - -

33 Medi
al, pre
ision and

opti
al instruments

- - - - - -

34 Motor vehi
les, trailers

and semi-trailers

1.10*** 1.00 - - - -

[63.25℄

35 Other transport

equipment

1.42*** 0.88 1.13*** 0.92 - -

[6.99℄ [11.12℄

36

Furniture, other manufa
turing

- - - - - -

***, **, * indi
ates signi�
an
e at the 1%, 5% and 10%-Level respe
tively.
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Table 5: Single-se
tor results for ISIC Rev. 4 
lassi�
ation

ISIC Rev. 4 Finland Fran
e Italy Hungary Austria

Se
tor Coe�. R2

Coe�. R2

Coe�. R2

Coe�. R2

Coe�. R2

9 Mining support servi
e a
tivities - - - - - - - - 0.61** 0.26

[2.29℄

10 Food produ
ts -2.04*** 0.72 - - - - - - -2.37*** 0.72

[-6.16℄ [-6.23℄

11 Beverages 1.90*** 0.91 - - - - - - 3.67*** 0.70

[11.92℄ [5.88℄

12 Toba

o produ
ts - - - - - - - - - -

13 Textiles - - 1.20*** 0.93 - - - - - -

[13.11℄

14 Wearing apparel -2.86 0.08 - - - - - - - -

[-1.11℄

15 Leather and related produ
ts - - - - - - - - - -

16 Wood and 
ork produ
ts 2.12*** 0.73 - - - - - - - -

[6.34℄

17 Paper and paper produ
ts 2.95*** 0.95 - - - - - - - -

[17.71℄

18 Printing and reprodu
tion of re
orded media - - - - 1.01*** 0.56 - - - -

[4.20℄

19 Coke and re�ned petroleum produ
ts - - - - - - - - 0.81 0.16

[1.68℄

20 Chemi
als and 
hemi
al produ
ts 0.87*** 0.61 - - - - - - - -

[4.81℄

21 Basi
 pharma
euti
al produ
ts and preparations - - - - - - - - - -

22 Rubber and plasti
s produ
ts - - - - - - - - 0.78*** 0.62

[4.45℄

23 Other non-metalli
 mineral produ
ts - - 0.70 0.10 0.93*** 0.95 - - 1.25*** 0.87

[1.25℄ [16.96℄ [10.16℄

24 Basi
 metals - - - - - - - - - -

25 Fabri
ated metal produ
ts - - - - - - 1.03*** 0.99 - -

[27.49℄

26 Computer, ele
troni
 and opti
al produ
ts 0.60** 0.34 - - 1.31*** 0.85 0.20 0.03 - -

[2.47℄ [8.85℄ [0.51℄

27 Ele
tri
al equipment - - - - - - - - - -

28 Ma
hinery and equipment - - - - - - - - - -

29 Motor vehi
les, trailers and semi-trailers - - 1.46*** 1.00 - - - - 1.37*** 0.97

[74.38℄ [18.66℄

30 Other transport equipment - - - - - - - - - -

33 Repair and installation of ma
hinery and equipment - - - - - - - - - -

35 Ele
tri
ity, gas, steam and air 
onditioning supply - - - - - - - - - -

36 Water 
olle
tion, treatment and supply - - - - - - - - - -

***, **, * indi
ates signi�
an
e at the 1%, 5% and 10%-Level respe
tively.

T
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e
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5.2 Panel �xed e�e
ts analysis

Given the rather small amount of reliable results from single-se
tor OLS estimation, we

move on to pooled �xed e�e
ts estimations a
ross 
omparable se
tors in order to in
rease

the number of observations (i.e. the number of degrees of freedom) and thus the a

ura
y

of the results and the test statisti
s. Pooling the data over 2-3 se
tors implies, of 
ourse,

a loss in the level of disaggregation. However, we 
onsider the results as more reliable.

In addition, panel estimates may also serve as a robustness 
he
k for the single-se
tor


ointegration analysis. We use 
orre
ted standard errors, 
lustered by period to 
ontrol

for 
ontemporary 
orrelation among residuals.

The panel estimation results are given in Table 6 and 7. As with single-se
tor estima-

tions only 17% of all estimated 
oe�
ients are insigni�
ant, this in
ludes the elasti
ities

for food and beverages in Fran
e and Austria; rubber, plasti
s and non-metalli
 produ
ts

in Fran
e, Hungary and Denmark; textiles, 
lothing and leather produ
ts in Cze
h Re-

publi
 and ele
troni
, 
omputer and opti
al equipment in Hungary.

The use of panel �xed-e�e
ts OLS in
reases the quality of our estimations as we ob-

tain no negative elasti
ities among the signi�
ant 
oe�
ients. Furthermore, a

ording to

the redundant �xed e�e
ts test all estimations, ex
ept for wood produ
ts in Finland and

rubber produ
ts in Fran
e, deliver signi�
ant 
ross-se
tion �xed e�e
ts. The Jarque-Bera

statisti
 indi
ates that the estimated residuals are normally distributed.

6

As pooling of 
omparable 2-digit 
ommodity groups of ISIC leads to an in
reased vari-

ety of individual goods inside a group, the substitutability between domesti
 and foreign

varieties de
lines in 
omparison with the single-se
tor 2-digit level results. We observe

that all signi�
ant estimates lie now in the interval between 0.32 and 2.43 
ompared to

the maximum value of 3.67 before. The highest 
ountry average a
ross se
tors is found

for Finland with the value of 1.65 whi
h is lower than the Finnish average found above.

6

Jarque-Bera test results not shown here for 
onvenien
e. For the sake of 
ompleteness: The null hypothesis of

normally distributed residuals is reje
ted for 
oke, petroleum and 
hemi
als in Austria and Italy; ele
troni
,


omputer and opti
al produ
ts in Austria; textiles, 
lothing and leather produ
ts in Finland and Fran
e; wood

and paper produ
ts in Finland and Italy.
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Table 6: Panel �xed e�e
ts results for ISIC Rev. 3 
lassi�
ation

ISIC Rev. 3 Cze
h Republi
 Denmark

a

Gree
e

b

Pooled series Coe�. R
2

# Coe�. R
2

# Coe�. R
2

#

Obs Obs Obs

Textiles, 
lothing

and leather produ
ts

1,285***

0,753 27

-0,725

0,602 26

1,329***

0,739 45

[12,650℄ [-1,696℄ [20,606℄

Wood and paper

produ
ts

0,624**

0,881 18

1,147***

0,925 26

1,176***

0,914 30

[2,147℄ [22,699℄ [34,913℄

Coke, petroleum,

fuel and 
hemi
als

0,316**

0,912 18

[2,839℄

Rubber, plasti
s and

non-metalli


produ
ts

0,673***

0,779 18

-0,053

0,653 26

0,954***

0,993 30

[3,966℄ [-0,153℄ [23,672℄

Ma
hinery

0,995***

0,933 27

1,011***

0,992 37

0,914***

0,993 27

[17,828℄ [19,516℄ [31,219℄

Transport vehi
les

and equipment

1,117***

0,979 18

[67,507℄

a

Textiles and 
lothing, ex
ept leather produ
ts

b

Ma
hinery, ex
ept o�
e and 
omputing equipment

***, **, * indi
ates signi�
an
e at the 1%, 5% and 10%-Level respe
tively.

T
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Table 7: Panel �xed e�e
ts results for ISIC Rev. 4 
lassi�
ation

ISIC Rev. 4 Finland

a

Fran
e Italy Hungary

b
Austria

c

Pooled series Coe�. R
2

# Coe�. R
2

# Coe�. R
2

# Coe�. R
2

# Coe�. R
2

#

Obs Obs Obs Obs Obs

Food, beverages,

toba

o

1,465***

0,559 34

0,161

0,985 36

-0,081

0,227 51

[13,682℄ [0,800℄ [-0,134℄

Textiles, 
lothing

and leather produ
ts

1,620***

0,394 50

1,120***

0,767 40

[5,148℄ [10,398℄

Wood and paper

produ
ts

2,433***

0,804 34

0,954***

0,917 24

1,103***

0,866 32

1,068***

0,964 20

1,391***

0,746 34

[12,205℄ [8,350℄ [9,392℄ [7,807℄ [7,475℄

Coke, petroleum,


hemi
als and

pharma
euti
al

produ
ts

1,229***

0,912 51

1,331***

0,944 48

1,025***

0,925 20

0,829**

0,994 34

[16,727℄ [12,878℄ [21,829℄ [2,476℄

Rubber, plasti
s and

non-metalli
 mineral

produ
ts

1,125***

0,951 32

0,079

0,016 28

0,796***

0,774 32

0,326

0,542 20

0,867***

0,871 31

[12,106℄ [0,230℄ [10,882℄ [0,876℄ [6,753℄

Metals and

fabri
ated metal

produ
ts

1,619***

0,723 34

1,096***

0,975 24

0,840***

0,987 32

1,125***

0,925 20

1,182***

0,628 34

[5,090℄ [16,766℄ [10,548℄ [14,833℄ [9,780℄

Ele
troni
,


omputer, opti
al

and ele
tri
al

equipment

0,924***

0,972 32

0,045

0,392 20

0,819***

0,420 28

[26,675℄ [0,152℄ [3,957℄

a

Food and beverages, ex
ept toba

o

b

Chemi
als and pharma
euti
al produ
ts, ex
ept 
oke and petroleum

c

Coke, petroleum and 
hemi
als, ex
ept pharma
euti
al produ
ts

***, **, * indi
ates signi�
an
e at the 1%, 5% and 10%-Level respe
tively.
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The pooled estimates also indi
ate a redu
ed varian
e in the se
tor-spe
i�
 elasti
ities

for ea
h of the European 
ountries. In parti
ular, the 
oe�
ients for Finland are only be-

tween 1.13 to 2.43, for Cze
h Republi
 - between 0.32 and 1.29, while the smallest interval

is found for Hungary: from 1.03 to 1.13 only. Anyway, we still �nd quite large di�eren
es

between the industry-level estimates a
ross the European 
ountries. The Armington elas-

ti
ity for wood and paper produ
ts varies from 0.62 in Cze
h Republi
 to 2.43 in Finland.

For metals and fabri
ated metal produ
ts we obtain the estimates in the range from 0.84

in Italy to 1.62 in Finland and for rubber, plasti
s and non metalli
 mineral produ
ts the

values are between 0.80 in Italy and 1.13 in Finland. Somewhat smaller di�eren
es 
an

be observed for 
oke, petroleum and 
hemi
als (from 0.83 in Austria to 1.33 in Italy) as

well as for ma
hinery (from 0.92 in Gree
e to 1.01 in Denmark).

The presented pooled estimates are somewhat lower 
ompared to the results of Wels
h

[2008℄ who also pooles 
omparable 2-digit se
tors to some extent. Hen
e, only a generi



omparison is possible as the 
ountry samples overlap only for Fran
e and Italy. Nev-

ertheless, Wels
h [2008℄ �nds an Armington elasti
ity of 1.495 for textiles, 
lothing and

leather produ
ts in Fran
e while our 
oe�
ient amounts to 1.12. The same 
an be ob-

served for rubber and plasti
 produ
ts in Italy where our elasti
ity is lower with 0.80 than

the value of 2.22 in the aforementioned study. These di�eren
es o

ur mostly due to the

slightly di�erent e
onometri
 spe
i�
ation used and another time horizon (1979-1990) of

the underlying data.

Our results di�er also from the estimated Armington elasti
ities for the US in the 1980s

and 1990s. Reinert & Roland-Holst [1992℄ estimate the elasti
ities for 163 se
tors in the

interval from 0.14 to 3.49 while Gallaway et al. [2003℄ obtain estimates for 306 
ommodity

groups ranging between 0.52 and 4.83 with a long-run average of 1.55. Even though the

estimated values by Reinert & Roland-Holst [1992℄ are spread in a rather wide interval,

the majority of their 
oe�
ients are between 0 and 1 what is lower than our estimates.

Taking into a

ount the high level of disaggregation (e. g. 4-digit SIC) in the 
ited study

this is surprising as a higher degree of disaggregation is normally asso
iated with higher

substitutability. The rather low US elasti
ities might be a distin
t feature of the US e
on-

omy, however, the higher elasti
ities for other 
ountries outside the USA

7


ould partly be

explained by the fa
t that the non-US studies are more re
ent and thus in
lude the e�e
ts

of in
reased international market integration and in
reasing 
ompetition whi
h both lead

to higher substitutability between domesti
 and foreign goods.

To sum up, our estimates lie within the interval that has emerged from other studies

and thus seem to be reliable. However, if investigated in more detail than just 
omparing

7

See also Gibson [2003℄ for South Afri
a.
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the averages and the spread of the results, non-negligible di�eren
es among se
tors within

one 
ountry as well within one se
tor a
ross 
ountries are found. These 
ross-
ountry

and 
ross-se
toral di�eren
es in the Armington elasti
ities re�e
t diverging preferen
es of


onsumers with respe
t to domesti
 and foreign goods in di�erent states. In addition,

di�eren
es in the spe
i�
ation of the studies may also explain diverging results. As the

elasti
ities 
apture the substitutability between imports and domesti
 goods, whi
h is de-

termined by the degree of produ
t similarity a higher degree of aggregation leads to lower

similarity within one group. Hen
e, in more aggregated setups, the elasti
ities should

be lower. Keeping this in mind our estimates are surprisingly high 
ompared to other

studies given our highly aggregated 
ommodity groups. The 
omposition within one of

our se
tors at home and abroad, thus we would have expe
ted rather low elasti
ities of

substitution. In addition, the estimates also re�e
t the availability of domesti
 and for-

eign goods whi
h may be restri
ted as a result of prote
tionist and regulation measures

in single 
ountries and se
tors. Hen
e, studies with rather low elasti
ities might have a

higher degree of prote
tion. Another di�eren
e in the spe
i�
ation simply lies in the time

horizon. Most of the mentioned studies for the US use data from the 1970s or earlier

whereas most of the studies investigating 
ountries outside the US use more re
ent data.

It is well possible that with growing international market integration the substitutability

between goods from di�erent origins in
reases. Hen
e, di�eren
es in the results might

also stem from di�eren
es in the underlying time horizon. Additional explanations for

diverging results have been mentioned in the literature review in se
tion 2.

6 Con
lusion and outlook

In this paper we estimate se
tor-spe
i�
 Armington elasti
ities for a dataset of 9 Euro-

pean 
ountries. We obtain results for both single 2-digit-level se
tors as well as pooled

se
tors. In both single-se
tor and pooled estimations we �nd substantial di�eren
es both

a
ross se
tors and a
ross 
ountries. Only some of our 
oe�
ients are 
omparable in mag-

nitude to the estimates for the US whi
h are often used as a referen
e in CGE model

spe
i�
ation. Our results di�er as well from the existing estimations for other 
ountries

outside the US even though the magnitude and varian
e of our results is 
omparable in

general. It be
omes 
lear from 
omparing our results a
ross the in
luded 
ountries that


ountry-spe
i�
 preferen
es exist and should not be ignored even for a rather homogenous

group of 
ountries like the EU.

Our results support the view that a non-negligible un
ertainty about the magnitude

of Armington elasti
ities prevails and that both more investigation of these and a more

sensitive modeling pra
ti
e are needed. The signi�
ant 
ross-
ountry di�eren
es emerging

from our results as well as from the 
omparison with other 
ountries 
learly show that it
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is not a

eptable to use estimated elasti
ities for another 
ountry when spe
ifying a CGE

model - whi
h is very often done in pra
ti
al CGE work. One might well end up with

biased results from CGE simulations due to a misspe
i�
ation of the elasti
ities.

We 
on
lude that mu
h more e�ort should be spent in both 
olle
ting and providing the

required data and estimating the elasti
ities for ea
h 
ountry and se
tor to be in
luded in

applied models separately. As the reliable estimation of elasti
ities of substitution, how-

ever, implies rather strong data requirements and, if done soundly, requires quite some

e�ort, it would be ideal if data and results from spe
i�
 
ountries would be made available

to other modellers in order to improve the general quality of CGE model results in general.

If estimated elasti
ities are not available and 
annot be obtained, modellers should

handle this problem transparently and try to address this known bias in their model results

by providing a detailed sensitivity analysis with respe
t to the 
hoi
e of the elasti
ity

set. An in
reased e�ort in both aspe
ts, the estimation of elasti
ities and a transparent

sensitivity analysis would in
rease the reliability of CGE model results as well as the

reputation of the modelling approa
h as a whole.

Referen
es

Arellano, M. 1987. Computing Robust Standard Errors for Within-Groups Estimators.

Oxford Bulletin of E
onomi
s and Statisti
s, 49(4), 431�34.

Armington, Paul S. 1969. A Theory of Demand for Produ
ts Distinguished by Pla
e of

Produ
tion. IMF Sta� Papers, 16(1), 159�178.

Baltagi, Badi H., & Kao, Chihwa. 2000. Nonstationary Panels, Cointegration in Panels

and Dynami
 Panels: A Survey. Center for Poli
y Resear
h Working Paper 16. Center

for Poli
y Resear
h, Maxwell S
hool, Syra
use University.

Banerjee, Anindya. 1999. Panel Data Unit Roots and Cointegration: An Overview. Oxford

Bulletin of E
onomi
s and Statisti
s, 61(S1), 607�629.

Blonigen, Bru
e A., & Wilson, Wesley W. 1999. Explaining Armington: What Deter-

mines Substitutability between Home and Foreign Goods? The Canadian Journal of

E
onomi
s / Revue 
anadienne d'E
onomique, 32(1), 1�21.

Engle, Robert F., & Granger, Clive W. J. 1987. Co-integration and Error Corre
tion:

Representation, Estimation, and Testing. E
onometri
a, 55(2), 251�76.

Erkel-Rousse, Hélène, & Mirza, Daniel. 2002. Import Pri
e Elasti
ities: Re
onsidering

the Eviden
e. The Canadian Journal of E
onomi
s / Revue 
anadienne d'E
onomique,

35(2), 282�306.

This version: Mar
h 14, 2013 21



Feenstra, Robert C., Obstfeld, Mauri
e, & Russ, Katheryn N. 2012. In Sear
h of the Arm-

ington Elasti
ity. http://www.e
on.u
davis.edu/fa
ulty/knruss/FOR_6-1-2012.pdf.

Frey, Miriam, & Olekseyuk, Zoryana. 2011. The EU-Ukraine trade liberalization: How

mu
h do the 
osts of tari� elimination matter? Working Paper 308. Institut für Ost-

und Südosteuropafors
hung (Institute for East and South-East European Studies), Re-

gensburg.

Gallaway, Mi
hael P., M
Daniel, Christine A., & Rivera, Sandra A. 2003. Short-Run and

Long-Run Industry-Level Estimates of U.S. Armington Elasti
ities. North Ameri
an

Journal of E
onomi
s and Finan
e, 14(1).

Gibson, Katherine Lee. 2003. Armington Elasti
ities for South Afri
a: Long- and Short-

Run Industry Level Estimates. TIPS Working Paper, 2003(12).

Hansen, Christian B. 2007. Generalized least squares inferen
e in panel and multilevel

models with serial 
orrelation and �xed e�e
ts. Journal of E
onometri
s, 140(2), 670�

694.

Kapus
inski, Cezary A., & Warr, Peter G. 1996. Estimation of Armington Elasti
ities: An

Appli
ation to the Philippines. Departmental Working Paper 1996-08. The Australian

National University, Arndt-Corden Department of E
onomi
s.

Kezdi, Gabor. 2005. Robust Standard Error Estimation in Fixed-E�e
ts Panel Models.

E
onometri
s 0508018. E
onWPA.

M
Daniel, Christine A., & Balistreri, Edward J. 2002. A Review of Armington Trade

Substitution Elasti
ities. In: Pro
eedings of the Annual Conferen
e on Global E
onomi


Analysis.

Moulton, Brent R. 1986. Random group e�e
ts and the pre
ision of regression estimates.

Journal of E
onometri
s, 32(3), 385�397.

Németh, Gabriella, Szabó, László, & Cis
ar, Juan-Carlos. 2011. Estimation of Arming-

ton elasti
ities in a CGE e
onomy�energy�environment model for Europe. E
onomi


Modelling, 28(4), 1993�1999.

Reinert, Kenneth A., & Roland-Holst, David W. 1992. Armington elasti
ities for United

States manufa
turing se
tors. Journal of Poli
y Modeling, 14(5), 631�639.

Saito, Mika. 2004. Armington Elasti
ities in Intermediate Inputs Trade: A Problem in Us-

ing Multilateral Trade Data. The Canadian Journal of E
onomi
s / Revue 
anadienne

d'E
onomique, 37(4), 1097�1117.

This version: Mar
h 14, 2013 22



S
huerenberg-Fros
h, Hannah. 2012. How to model a 
hild in s
hool? - A dynami
 ma
ro-

simulation for Tanzania. In: Pro
eedings of the Annual Conferen
e on Global E
onomi


Analysis. Geneva: GTAP.

Shiells, Clinton R., & Reinert, Kenneth A. 1993. Armington Models and Terms-of-Trade

E�e
ts: Some E
onometri
 Eviden
e for North Ameri
a. The Canadian Journal of

E
onomi
s / Revue 
anadienne d'E
onomique, 26(2), 299�316.

Siddig, Khalid, & Grethe, Harald. 2012. International Pri
e Transmission in CGE Mod-

els: How to Re
on
ile E
onometri
 Eviden
e and Endogenous Model Response? In:

Pro
eedings of the Annual Conferen
e on Global E
onomi
 Analysis. Geneva: GTAP.

Wels
h, Heinz. 2006. Armington elasti
ities and indu
ed intra-industry spe
ialization:

The 
ase of Fran
e, 1970�1997. E
onomi
 Modelling, 23(3), 556�567.

Wels
h, Heinz. 2008. Armington elasti
ities for energy poli
y modeling: Eviden
e from

four European 
ountries. Energy E
onomi
s, 30(5), 2252�2264.

White, Halbert. 1980. A Heteroskedasti
ity-Consistent Covarian
e Matrix Estimator and

a Dire
t Test for Heteroskedasti
ity. E
onometri
a, 48(4), 817�38.

This version: Mar
h 14, 2013 23



7 Appendix

This version: Mar
h 14, 2013 24



Table A.8: Stationarity and integration tests for ISIC Rev. 3

ISIC Rev. 3 CZE DNK GRE

Se
tor

imp

ds

dsdef

impdef
resid

imp

ds

dsdef

impdef
resid

imp

ds

dsdef

impdef
resid

13 Mining of metal ores - - - - - - l(1) ? l(1)

14 Other mining and quarry-

ing

- - - - - - l(1) l(1) l(1)

15 Food produ
ts and bever-

ages

l(2) l(2) l(2) l(2) l(1) l(2) l(1) l(1) l(0)

16 Toba

o produ
ts - - - l(1) l(1) l(0) - - -

17 Textiles NI l(2) l(1) l(1) l(0) l(0) l(1) l(1) l(1)

18 Wearing apparel l(2) l(2) NI l(1) ? l(1) l(1) l(2) l(0)

19 Leather and related prod-

u
ts

l(1) NI l(1) - - - (1) l(0) l(1)

20 Wood and 
ork produ
ts l(0) l(1) l(0) l(1) l(1) l(0) l(1) l(1) l(1)

21 Paper and paper produ
ts l(2) l(2) l(1) l(1) l(0) ? l(1) l(0) l(0)

22 Publishing, printing and

reprodu
tion of re
orded

media

l(1) l(1) l(1) l(2) l(2) l(0) l(2) l(1) l(0)

23 Coke, re�ned petroleum

produ
ts and nu
lear fuel

l(2) NI l(0) - - - - - -

24 Chemi
als and 
hemi
al

produ
ts

l(1) NI l(1) l(1) l(1) l(0) ? l(1) l(2)

25 Rubber and plasti
s prod-

u
ts

l(1) l(2) l(0) l(1) l(1) l(1) l(1) l(1) l(0)

26 Other non-metalli
 min-

eral produ
ts

NI NI l(1) l(1) l(1) l(0)? l(1) l(0) ?

27 Basi
 metals l(2) l(0) l(1) l(1) l(2) l(1) l(0) l(0) l(0)

28 Fabri
ated metal produ
ts - - - l(1) l(1) l(1) - - -

29 Ma
hinery and equipment l(2) l(2) l(1) l(1) l(1) l(1) l(1) l(1) l(0)

30 O�
e, a

ounting and


omputing equipment

NI l(1) NI l(1) l(1) l(1) - - -

31 Ele
tri
al ma
hinery and

apparatus

l(0) l(1) l(1) l(2) l(2) l(1) l(0) l(1) l(1)

32 Radio, television and 
om-

muni
ation equipment

NI l(1) l(1) NI l(0) ? l(1) l(1) l(2)

33 Medi
al, pre
ision and op-

ti
al instruments

l(0) l(1) l(1) l(1) l(2) ? l(1) l(1) l(1)

34 Motor vehi
les, trailers

and semi-trailers

l(2) l(2) l(0) - - - - - -

35 Other transport equip-

ment

NI l(2) NI l(1) ? l(0) - - -

36 Furniture, other manufa
-

turing

l(2) l(1) l(2) l(1) l(0) l(1) l(0) l(0) ?

This version: Mar
h 14, 2013 25



Table A.9: Stationarity and integration tests for ISIC Rev. 4

ISIC Rev. 4 FIN FRA ITA HUN AUT

Se
tor

imp

ds

dsdef

impdef

resid

imp

ds

dsdef

impdef

resid

imp

ds

dsdef

impdef

resid

imp

ds

dsdef

impdef

resid

imp

ds

dsdef

impdef

resid

9 Mining support ser-

vi
e a
tivities

l(1) l(1) l(1) l(1) l(1) l(1) - - - - - - l(0)/l(1) l(1) l(0)

10 Food produ
ts l(0)/l(1) l(1) l(0) l(1) l(1) l(2) - - - - - - l(1) l(2) l(0)

11 Beverages l(0)/l(1) l(2)? l(0) l(2) l(1) l(2) - - - - - - l(0)/l(1) l(0)/l(1) l(0)

12 Toba

o produ
ts - - - l(1)? l(1) l(2) - - - - - - l(1) l(0) l(2)

13 Textiles l(1) l(1) l(1) l(1) l(1) l(0) - - - - - - l(1) l(1) l(2)

14 Wearing apparel l(1) l(1) l(0)? NI NI NI - - - - - - - - -

15 Leather and related

produ
ts

l(0) l(1) l(1) l(1) NI l(1) - - - - - - - - -

16 Wood and 
ork prod-

u
ts

l(1) l(1) l(0) l(1) l(1) l(0)/l(1) l(1) l(0) l(1) NI NI l(1) l(1) l(1) l(1)

17 Paper and paper

produ
ts

l(1) l(1) l(0) l(1) l(1) l(0)/l(1) l(1) l(1) l(1) l(2) l(0) l(1) l(1) l(1) l(1)

18 Printing and repro-

du
tion of re
orded

media

- - - l(1) l(1) l(1) l(1) l(1) l(0) - - - - - -

19 Coke and re�ned

petroleum produ
ts

- - - l(1) l(1) l(1) l(1) l(0)/l(1) l(1) - - - l(0)/l(1) l(0) l(0)

20 Chemi
als and 
hem-

i
al produ
ts

l(1) l(1) l(0) l(1) l(1) l(1) l(2) l(0) l(1) l(1) NI l(1) l(1) l(0)/l(1) l(1)

21 Basi
 pharma
euti
al

produ
ts and prepa-

rations

- - - l(1) l(1) l(1) l(1) l(1) l(1) l(1) l(1) l(2) - - -

22 Rubber and plasti


produ
ts

l(1) NI l(1) l(1) l(1) l(1) l(1) l(1) l(1) l(1) l(2) l(1) l(0) l(0) l(0)

23 Other non-metalli


mineral produ
ts

l(1) l(0) l(1) l(0)/l(1) l(0) l(0) l(1) l(1) l(0) l(2) NI l(0) l(1) l(1) l(0)

24 Basi
 metals l(1) l(1) l(1) l(0) l(2) NI l(0) l(1) l(1) l(1) l(1)/l(2) l(1) l(1) l(1) l(1)

25 Fabri
ated metal

produ
ts

l(0) l(0) l(1) NI NI l(1) l(0) l(1) l(1) l(0) l(0) l(0) l(0) l(0) l(1)

26 Computer, ele
troni


and opti
al produ
ts

l(2) l(2) l(0) - - - l(1) l(1) l(0) l(0) l(0) l(0) l(1) l(1) l(1)

27 Ele
tri
 equipment - - - l(1) l(1) l(1) l(1) l(1) l(1) l(2) l(1)/l(2) l(0)/l(2) l(1) l(0) l(2)

28 Ma
hinery and

equipment

l(1) l(1) l(1) - - - l(2) l(1) l(2) l(2) l(1) l(2) l(1) l(1) l(1)

29 Motor vehi
les, trail-

ers and semi-trailers

- - - l(1) l(1) l(0) - - - l(0) l(1) l(1) l(0) l(1) l(0)l(1)

30 Other transport

equipment

l(1) l(0) l(1) - - - l(1) l(1) l(2) l(1) l(1) l(1) - - -
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