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Introduction

In recent years the development of Werld Trade OrganizatiofWTO) has
generated a great demand for estimates of potextissequences of trade policy.
The Uruguay round and Doha round negotiations ypedl examples. Theolicy
maker could be interested in having information aboue thffects of trade
liberalization on income, production and other val@ macroeconomic variables. It
could also be useful for her/him to know the disition of these effects across
families, countries or sectors to evaluate whotlaeewinners and who are the losers.
Computable General EquilibriurlCGE) models are an important tool for meeting
this need because they allow a lot of trade infélonao be elaborated in a coherent
economic structure where agents maximise theirtyuiind firms maximise their
profits. Today many governments and internationatitutions, e.g. the WTO, the
European Commissiof(EC) andthe World Bank(WB), use CGE models to assess
the impact of global trade reform.

While these models are widely used in policy analyw different areas
(international trade, tax policy, income distrilaur), they were funded and developed
in the context of academic research. ‘The centteéli is to convert the Walrasian
general equilibrium structure (formalized in the5@8 by Kenneth Arrow, Gerard
Debreu, and others) from an abstract representatioan economy into realistic
models of actual economies’ (Shoven and Walley21991). The models are solved
numerically. In 1967 Scarf found the first algonithithat guaranteed a convergence
toward an equilibrium solution. Today specific saite, such as GAMS or
GEMPACK, makes the computation easy and allows ghnds of equations and
variables to be solved.

Over the years, the CGE models have evolved byrpacating elements that do
not belong to Walrasian framework. The so-calledu@utralist CGE models
incorporate elements of short-run macro modelsjudicg “demand driven”

Keynesian equilibria where money is not neutral.
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In this work my attention is directed toward laggale global CGE trade models,
such as GTAP, MEGABARE and MIRAGE, used by inteioral organizations
(e.g. the WB, the WTO, the EC) for their analysfstrade liberalizatiort. | have
chosen this kind of model because | had the oppiytaio work with MIRAGE at
CEPIL.

This type of models maintains a strong Walrasiairitspgractors are fully
employed, money does not explicitly figure into time@del and a solution is made
possible through relative prices. Nevertheless, esamportant non-Walrasian
assumptions, such as imperfect competition andr®trere introduced or can be
introduced; these will be explained in the firsapter.

A global approach has the unquestionable advamtbigdking into account within
the same theoretical structure the trade relatipesbf all countries or groups of
countries in the world, such as the EU, the USAin&€hindia and Africa. With
respect to this, it is very important to have astsient economic global database that
covers all parts of the world. GTAP, based in thgriéultural Economics
Department at Purdue University (West Lafayettelidna), has been created to
satisfy this need; It is a global network of resbars who conduct quantitative
analysis of international economic policy issuespegially trade policy. The latest
version of the GTAP database, GTAP 7.0 (Narayamah\&almsley, 2008), is a
large social account matriSAM). It contains complete bilateral trade infation
as well as transport and protection linkages ambhg countries or groups of
countries and 57 sectors for the base year 200APGIE the most widely used
dataset for global CGE trade models. It is veryr @md practical, however it only
allows analysis at the national level.

CGE trade models exist at a sub-national leveltbay only consider a single
region or a handful of regions. As will be shownsiction 1.4, the CAPRI-GTAP
(Jansson, Kuiper and Adenauer, 2009), MONASH-MREtdPet al, 1996) and
MIRAGE-DREAM (Jean and Laborde, 2004) models arangpies of large-scale

! GTAP is the acronyms faBlobal Trade Analysis Projecfhe MEGABARE model has been
developed by ABARE Australian Bureau of Agricultural and Resources Bmmic3. MIRAGE
stands forModelling International Relationships in Applied &al Equilibrium it has been
developed by CEPIlIdentre d’Etudes Prospectives et d’'Informations imitionales.
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global CGE trade models which also include manyoresf MONASH-MRF refers
to the Australian regions, CAPRI-GTAP is specificthe agriculture sector of the
EU and MIRAGE-DREAM considers the NUTSNd@menclature d'Unités
Statistique} regions of the 25 members of the EU (Romania Buigaria did not
belong to the EU in 2004).

There are so few models because there is a lacketifsuited regional data
concerning foreign trade. For instance, in the Berd is no complete dataset on
foreign trade that is available for the NUTS regio@oncerning foreign trade, some
information is available for some countries at tlegional level, but this is not
systematically the case. Thus, simplifying assuomztimust be made to make the
models manageable. In addition, this kind of maslelery demanding both in terms
of data and computational resources. Research teaosported by public
institutions, work on these models which are higldisaggregated at the
geographical level.

The objective of this thesis is to build a glob&E trade model at the NUTS 1
level for the 68 regions within the first 15 membtates of the European Union. The
aim is not to exactly reproduce the models mentdad®ove but, taking advantage of
my work experience at CEPII, the aim is to builsirmple parsimonious CGE model.
Data on value added, skilled labour and unskiledmbur are available at the NUTS 1
level while simplifying assumptions arise for themaining variables. Therefore a
CGE trade model is built in which only the prodoatiis specified at the NUTS 1
level.

This type of model should allow the consequencesanle policy in Europe to be
investigated at a disaggregated geographical lewgle maintaining a global

approach. This is of interest at both the theoattiad empirical levels.

2 CAPRI is an acronym foEommon Agricultural Policy Regional Impact Analys4ONASH-
MRF model has been developed at Monash univefgiBf- stands foMulti-Regional Forecasting
DREAM stands foDeep Regional Economic Analysis Madel

% The Nomenclature d’Unités Statistiqués a sub-national geocode standard developed dy th
European Union for referencing the subdivision&ofopean countries for statistical purposes. There
are three level of aggregation: level 1 (more agaged), level 2 (medium aggregated) and level 3
(less aggregated).
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It is of theoretical interest because it helps tmeinderstand how this kind of
model works from an economic point of view. Itsatele simplicity allows the
results to be interpreted.

It is of empirical interest because the knowledgeed about the geographical
disaggregated effects could be useful informatmmtiiepolicy maker In fact, trade
liberalization implies strong distributional effschot only across people but also
across the regions of a given country. Just ag tbem be winner and loser countries,
there can also be winner and loser regions angddhey makercould be interested in
compensating loser regions for equity.

The model is used to analyse the output reallogat@oss sectors in each region
after a trade shock and this source of informationld be useful for @olicy maker
in order to implement, for example, the right oati@ment policy.

The EU economy is very diversified and world tradgeements do not take into
account the disparities existing at regional leV¥élis geographical heterogeneity in
the EU should be considered in WTO negotiationsaddition, it is of interest to
assess how European workers respond to trade stGitkhey migrate to another
European region?

All of this calls for an assessment of the possibipact of trade policy at the
regional NUTS level. The evaluation could help iakimg suitable policy choices
given that cohesion policy is an important competenf European Union.

The thesis is organized as follows.

In the first chapter, | set out the global CGE éradodels’ In section 1 some
relevant theoretical assumptions are laid out ftbenmost traditional ones, such as
the Armington hypothesis (1969) to the most recenes, such as the firm
heterogeneity (Melitz, 2003). Section 2 is devdted crucial issue concerning CGE
approach, i.e. the sensitivity of simulation resutb key hypotheses such as
assumptions about Armington elasticity, firm coridaad the labour market. In
section 3, | describe three main global CGE tradmlets used by international
institutions: the GTEM, GTAP and MIRAGE models. Sipé attention is given to

* | neglect short-run analysis and the link betweeal variables and financial variables. These
aspects are the focus of Structuralist-Keynesiak @®dels.
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the MIRAGE model, which | used at CEPII. At the esfdChapter 1 in section 4
some global CGE trade models at the sub-national lere presented: MONASH-
MRF, CAPRI-GTAP and MIRAGE-DREAM. This section sesvas an introduction
to Chapter 2 and Chapter 3.

In Chapter 2 | set out a global CGE trade modehatNUTS level with perfect
competition in the goods market. This kind of modaelbuilt by starting from
MIRAGE but is original, in that the basic structuvas greatly modified with respect
to MIRAGE. It is applied to all NUTS 1 regions withthe EU15. In section 1, |
introduce the model. In section 2, | illustrate tii&ta, especially describing the
procedure used to match the two datasets, thenahtaind sub-national ones. In
section 3, sectoral and geographical aggregatiomsliaplayed. There is a set of 4
sectors. Two geographical levels define the maated: for the groups of countries in
the world and the other one is for the NUTS 1 regim the EU15. In section 4, the
theoretical structure is laid out: the demand side,supply side, factor markets and
macroeconomic closure. The calibration strateggresented in section 5 where |
explain the simplifying assumptions that | use &iedmine some parameters and
variables at the sub-national level. The tradecyatixperiment, presented in section
6, is conducted on the 68 NUTS 1 regions in the =Uhe trade shock is a world
liberalization in agricultur@.Even if the model is used to assess tariff libeasion
in agriculture, it is can applied to other secirsording to the special interest of the
researcher. In section 7, the results are showh aacthe production reallocation
across sectors in each region. In addition, sertgitianalysis on production
reallocation is conducted by the introduction ofllsé/unskilled labour mobility
within the EU15. Further interesting results arespnted such as the variation in
regional value added, the unskilled/skilled migmatiwithin the EU15 and the
welfare change. A major limitation of the CGE madd that they are difficult to
interpret because of many variables and equatishgh make them a “black box”
(Panagariya and Duttagupta, 2001). Thus, in se@ionhbuild a stylised model in
order to find a strategy for interpreting the résul

® Agriculture is the most protected sector in theldio
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In Chapter 3, | set out a global CGE trade modethat NUTS 1 level with
imperfect competition in the goods market. In smttl, | introduce it. The database
basically does not change nor does the sectoralgandgraphical aggregations. In
section 2, | describe the theoretical structure:démand side, the supply side, factor
markets and macroeconomic closure. The introducifaihe Cournot-Nash scheme
in firm conduct modifies substantially the demandes In section 3, | show the
calibration strategy used to determine the threarpaters of imperfect competition:
the elasticity of substitution between firm-specifiarieties, the mark-up and the
number of firms. In section 4, | present the resaltd compare them with the perfect
competition version of the model. In section 5,rerpretation of the results is laid
out for the case of imperfect competition.

Appendices Al, A2, A3 and A4, respectively, dispteptation, list of variables,
the parameters and the equations of the model hoth perfect and imperfect
competition.

At the end of thesis, the main findings are illastd and possible extensions for

further research are discussed.
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Chapter 1
Global CGE trade models

1.1 Relevant theoretical assumptions

In this first section, | describe some importargdiretical assumptions which are
introduced or can be introduced into global CGEedranodels, where global means
that all of the countries or groups of countrieshe world (e.g. Asia, the EU or
Africa) are considered simultaneously in the sameeit

Global CGE trade models, basically, have a Walrasaucture. Money is
neutral, factors are fully employed and the Walms is respected.ln addition,
macro-economic closure is neoclassical as invessrane driven by savings. Trade
balance is determined endogenously.

However, some relevant non-Walrasian hypothesesbeamade. | identify four
main features that depart from the classical Wenasramework and Heckscher-
Ohlin trade theory (1991): geographical productedéntiation, horizontal product
differentiation in the goods market, dynamic setamq firm heterogeneity. The
sequence is not random but follows the *“historicaVolution in modelling

theoretical assumptions of CGE trade models.

1.1.1 Geographical product differentiation: the Armington hypothesis

The Armington hypothesis (1969) considers the inggzbgood to be an imperfect
substitute of the domestic good. This is the fwgilation of the Walras and

! Clearly, the geographical and sectoral aggregstioe chosen to be consistent with the special
objective of the researcher.

2 The Walras law asserts thanifl markets are in equilibrium in an economy, thenréraaining
market is also in equilibrium, what implies a redant equation in the general equilibrium system of
equations.
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Hechscher-Ohlin scheme where the imported goodf@domestic good are perfect
substitutes. This geographical product differemrats introduced into CGE trade

models to give a greater realism to the simulatiesults. The Heckscher-Ohlin

model fails to replicate theross-haulingflows that are observed in the trade data.
Furthermore, in this type of model a small tradechis sufficient to cause an

unrealistic specialization phenomenon with enormeasations in the sectoral

production of a country.

The idea that imported and domestic goods are ifegtesubstitutes implies that
they have different prices. This can be achieveduidjh a CESQonstant Elasticity
of Substitution or a Cobb-Douglas function which model the demdod the
country.

In the case of a CES function withcountries, the Armignton assumption for the
general countrc and sector can be written in two stages. The first concehres t

degree of substitution between the domestic anaita@ good. It is given by:

minPDTOT_ DTOT. = PD, D, + PM, M, (1.2)

1-1/0 gy 1-1/0 gy 100 ppy

st DTOT, =D +M (1.2)

C C

where DTOT,, Dic and M;. are, respectively, total, domestic and aggregated
import demand in country and sector, PDTOT; ¢, PD;. andPM,; . are, respectively,
the price of total, domestic and import demand auntry ¢ and sectorn and

O \ry, PArameter is the elasticity of substitution in sectbetween the imported and

domestic goods (so-called Armington elasticity).
The second stage concerns the degree of subsiitatimss imports of country

in sector. It is the following:

minPM, .M, = >  PDEM,, DEM

c*#C

(1.3)

i,c*,C

3 A country can export and import the same good.
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st. M. =3 aIMP_. . DEM;,. o (1.4)

ic*c i,c*,c
c*#£C

where DEM,; .« is the good which is exported from country to countryc in

sector i, PDEM . is the associated pricquPi parameter is the elasticity of

substitution across the imports of countryand alMP is a parameter of the CES
function.

The Armington assumption is now a standard hypathies modelling trade in
CGE models. The Armington and import elasticitiesr(; and oivp) cannot be
directly calibrated in the CES function; they mubst estimated econometrically or
derived from trade literature. With the CES funotidBrown (1987) shows that
greater substitutability across imports (greaigp) implies reduced trade effects in
the countries which experience the tariff changen e other hand, greater
substitutability across domestic and imported gdgdsatersary) implies increased
trade effects in the country which experiencegahé# change.

A main criticism of the Armington assumption comethe source of product
differentiation. Taylor and Von Armin (2006, p.l#pte that ‘national product
differentiation ignores the fact that companieg, cauntries, increasingly determine
the characteristics of products. In other wordsciminternational trade is intra-
company, which make the Armington set-up irreleivant

Other sources of product differentiation can beonhiiced; horizontal product
differentiation is an important example. The naxtsection will examine this aspect

in more detail.

1.1.2 Horizontal product differentiation
The introduction of horizontal product differentaat into CGE models stems

from the Krugman theoretical model (1979). Krugnagplies the “love of variety”
approach, introduced by Dixit and Stiglitz (19710, international trade theory. To
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summarize, his model contains two predictions conog the impact of trade on the
productivity of firms: thescale effecas surviving firms expand their outputs, and the
selection effectas some firms are forced to exit from the marketyever, aggregate
productivity does not change and all the firmssymametric.

In his pioneering work, Harris (1984) incorporagdements of new trade theory,
such as strategic price-setting behaviour and @sing returns to scale, into a
standarccomputable general equilibriumodel for the Canadian economy.

Since Harris, imperfect competitive CGE models hlagen widely used to assess
trade liberalization issues, particularly in tlerth American Free Trade Agreement
(NAFTA), the European single market program and theiguay and Doha
negotiations. For example, Harrisenal. (1997) build a global CGE trade model to
qguantify the Uruguay Round. Increasing returns dales are introduced and firms
compete in a quantity adjusting oligopoly framework

Norman (1990) explains the need to consider ecoe®mi scale and imperfect
competition to analyse the consequences of trédealization. By using simplified
models, he finds that imperfect competition makessignificant quantitative
difference (compared to the standard, perfectlypetitive theory) to the effects of
trade liberalization on inter-industry trade patterIn addition, the Armington
assumption is not a good approximation of produiéer@ntiation and oligopolistic
interaction.

Horizontal differentiation in the goods market dsmodelled in different ways.
Following Willenbockel (2004), | identify four tygeof imperfect competition
schemes used in CGE trade models. In Bertrandpmigpeach firm conjectures that
the supply prices of the rivals in the goods madeiot respond to changes in its
own supply price. In oligopoly with conjectural gei variations, each firm
conjectures that the supply prices of the rivalsthne goods market respond to
changes in its own price through a certain non-peice reaction as in Delorme and
van der Mensbrugghe (1990). In Cournot oligopobghefirm conjectures that the
supply quantities of the rivals in the goods made not respond to changes in its
own supply quantity; this approach is used by KBaret al. (1996), Willenbockel
(1994), Burniaux and Waelbroeck (1992) and Captad. (1998). In oligopoly with

20



conjectural output variations, each firm conjectutieat the supply quantities of the
rivals in the goods market respond to changesiaviin supply quantity according to
a certain output response.

Problems can arise if imperfect competition isadtrced into CGE trade models.
Mercenier (1995) shows that in a CGE model forEaeopean integration program
with economies of scale and imperfect competititve, equilibrium solution is not
unique. He finds that the trade experiment, comgjsdf forcing individual firms to
switch from their initial segmented-market pricisfyategy to an integrated market
pricing strategy, causes two different equilibifde non-uniqueness of solution in
CGE models with imperfect competition is often iggwhb from model builders and
users. Nevertheless it can be a serious mattenennterpretation of trade policy
experiments.

Another issue is the dependency of imperfect coitipetequilibrium on the
choice of numeraire. Gabszewicz and Vial (1972%@né this property of theoretical
general equilibrium models with imperfect competiti Ginsburgh (1994) gives
numerical examples for CGE models. However, thenadisation problem can be
avoided in CGE models by “reasonable” restrictionsthe information set of the
oligopolistic firm (Willenbockel, 2003). For exangl when firms rule out the
possibility that their production decision influescthe aggregate income via factor
prices and profit feedback effects (the so-calleddFeffect), the numeraire matter

can be neglected.

1.1.3 From a static to dynamic model

Theoretical growth literature has shown that trigloleralization may affect capital
stock accumulation or human capital accumulatiosh teichnology. These processes
are intrinsically dynamic. Thus, the impact of waliberalization on output and
welfare could be misleading if only the static effethat is linked to the efficient

allocation of factors, is considered.
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Concerning capital stock accumulation, the Baldwheoretical model (1989)
shows that trade policy may change income or tltmgenous saving rate, that, in
turn, influences the stock of capital. In additiéinancoiset al. (1995) and Baldwin
(1989, 1992) argue that the magnitude of the tpadiey effect could be greater than
in the static modél.With respect to the second aspect, human capitainaulation
and technology, Baldwin and Forslid (1999) find lagaus results when
technological externality is introduced. Empiricildies do not give a definitive
answer about the existence of such growth effess#e €.g. Fontagné and Guérin,
1997, for a survey of this literature). Thus, neacland robust conclusion is possible.

The simplest way to interpret the effects of trgadicy liberalization in global
CGE models is through comparative static. Basicallparameter, such as a barrier
tariff, is modified. The new equilibrium solutios compared with the equilibrium
solution in the baseline model. The consequentgdgmoan be considered long-term
or short-term effects according to the assumptlmuaifactor mobility, in particular,
the capital factor. Harrisoet al. (1997) and Francoist al. (1995) use this approach.
They allow the rental rate of capital to vary withéach country, while holding
constant the aggregate stock of capital in ordeassess short-term effects of trade
policy liberalization. In contrast, they allow aggate stock capital to vary, holding
the rental rate of capital constant in order toeassthe long-term or steady state
impact of the shock. They find that long-term wedfgjains are two to four times
higher than the short-run estimates.

Even if this type of model distinguishes betweamglterm and short-term effects,
essentially, they are still a comparison betweem éqyuilibria and do not capture the
trade impact on human and capital accumulation. this reason, the latest

generation of global CGE models incorporate tinte their general structure.

* For example, “the additional dynamic gain on welfis positive if liberalization raises the return
to capital; if the liberalization lowers the retun capital, the dynamic welfare effects tend ttsetf
the static gains from trade” (Baldwin, 1992, p. 166

®> Nevertheless, it should be emphasized that thg-temm effects of this type of model do not
consider that in a fully dynamic framework, constimp decreases to achieve the higher capital
stock. Thus, Harrisoret al (1996, 1997) and Rodrik (1997) highlight that #hewodels tend to
overestimate the overall welfare gain.
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For example, MIRAGE, GTAP and GTEM all have a dymarersion but It is
very rough because no intertemporal dynamic opétiga is taken into account.
Basically, the model is solved recursively. In eapleriod, investment is
endogenously determined and is added to the depedccapital in the next period.
The growth rate of factors, with the exception apital, is set exogenously. The time
span can be freely chosen, usually 15 to 20 y&&esse assumptions imply temporal

inconsistency in the behaviour of economic agents.

1.1.4 Firm heterogeneity: the Melitz model

In recent years, there has been a growing developwfea new generation of
theoretical trade models based on the assumptitietefogeneous firms. The “New
trade theory” associated with Krugman (1979) arfteit introduced Dixit-Stiglitz
monopolistic competition and scale economies towvalfor intra-industry trade
across countries observed in the 8attaereby overcoming a limitation of traditional
Heckscher-Ohlin model. However, it did not explarthy some firms in the same
sector export while others do not.

For this reason, in 2003 Melitz built one of thesti models that had
heterogeneous firms and sunk costs of exportingsd@thypotheses are fundamental
in order to explain the difference between expgraind non-exporting firms within
the same industry.

Other works followed that of Melitz, in particuldtelpmanet al. (2004) and
Bernard, Redding and Schott (2007). The BernarddReedSchott model inserts the
traditional endowment-based comparative advantages the new theoretical
framework of heterogeneous firms.

The Melitz model is a dynamic single industry modéh heterogeneous firms. It
considers a Krugman structure with monopolistic petition and increasing returns

while adding productivity heterogeneity across 8rnThe productivity distribution

® As shown in subsection 1.1.¢omputable general equilibriurapproach solvesross-hauling
problem through the introduction of the Armingtoyphthesis.
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can belong to one of the several common distributfamilies: lognormal,
exponential, gamma, Weibul, truncation on (&) -of the normal, logistic, extreme
value, Laplace and Pareto distributions.

The productivity heterogeneity is crucial in ordershow the gain in the level of
aggregate productivity or welfare obtained in th@nsition from autarky to free
trade, or in response to a more liberalised enwemt. In fact, these processes
determine a selection effect and a reallocatiormafket shares because the less
productive firms are replaced by the more prodectoreign firms.

A curious effect is the anti-variety Krugman effétat occurs in the Melitz model
when the export costs are high and foreign firnpdaiee a larger number of domestic
firms in the transition from autarky to free tradéowever the overall effect on
welfare remains positive because of the increasedugtivity.

As Kehoe points out (2005), a main weak link in Cgiproach is that models do
not allow trade policy to influence aggregate pioity and induce trade growth
along the extensive margin, i.e. the number of expp firms and traded goods. On
the contrary, thepolicy makeris often interested in assessing the aggregate
productivity gain of trade policy. Inserting the Mz assumption into the
computable general equilibriufmamework could satisfy this need.

Global CGE trade models, such as GTAP, GTEM and AGE, do not
incorporate Melitz hypothesis about firm heteroggnéecause it is too recent.
However, two applications of the Melitz assumptionCGE trade models exist:
Balistreri, Hillberry and Rutherford (2007) and zZ(2008).

Zhai builds a global CGE trade model with twelvecneaareas, fourteen sectors
and five production factors. Within the fourteerttses, the agriculture and energy
sectors produce homogenous prodichs. each of these two sectors, there is a
representative firm operating under constant retdonscale technology. The other
manufacturing and service sectors produce diffeatatt products. In these sectors,
the production and trade structures of the CGE inolbsely follow the Melitz

model. Different from Melitz, the Zhai CGE modelnst characterised by a steady

" The agriculture and energy sectors are assumee fmerfectly competitive, also in the Mirage
model (see subsection 1.3.3).
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state equilibrium, but rather a static equilibriu.Pareto distribution is used to
model the productivity heterogeneity.

The results of trade policy simulation, a 50% glalanufacturing tariff cut, are
compared with the results of a standard Armingt@EGnodel with constant returns
to scale and representative firm. The model predicglobal welfare gain of $91.6
billion, measured in equivalent variation (EV), mdhan double of the estimated
gain in the standard Armington CGE model. In additi as predicted by the
theoretical model, trade policy simulation incresaiee number of exporting firms,
decreases the number of domestic firms and incsetise aggregate manufacture
productivity. However, it should be emphasized tiat shape parameter in Pareto
productivity distribution plays an important role determining the impact of trade
barriers on trade flows.

Balistreri, Hillberry and Rutherford use an oridig@proach to insert the Melitz
assumptions in their model which is, indeed, a mixa numerical general
equilibrium (GE) and partial equilibrium (PE) modé&wo steps are needed to solve
the model. In the first step, a PE model is solf@deach commodity in order to
obtain the industrial organization of heterogenefiuss (i.e. the number of firms
operating within and across borders). The PE mtaleds aggregate income levels
and resources supply schedules as given. The secoddle is a GE model of global
trade in all products. The GE model takes indusstiaicture as given and determine
relative prices, comparative advantages and teringraole. Then, they iterate
between these two models in policy simulation &g las the PE and GE models are
mutually consistent. They find that in the caseaob0% tariff reduction in trade
manufactured goods, the global welfare gains ate fomes greater than in the
standard Armington CGE models. As in the Zhai aggpion, trade policy increases
the number of exporting firms, decreases the nurombdomestic firms and increases
the aggregate manufacture productivity.

Both the Zhai and Balistreri, Hillberry and Rutled models are calibrated on
the GTAP database. Zhai sets exogenously the mdleparameters of firm
heterogeneity, e.g. shape parameter of the Parstiobdtion. Balistreri, Hillberry

and Rutherford develop an original procedure tiocaile these parameters.
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1.2 Sensitivity of the simulation results to key ypotheses

A crucial issue in theomputable general equilibriumpproach is the sensitivity
of the simulation results to key hypotheses. Pararmeare generally calibrated by
using available data, where it is possible, orsatexogenously from econometric
estimates. Sometimes econometric estimates ar@avadable or robust. This lack of
econometric foundation makes the CGE effects ofletrgolicy simulations
vulnerable to key assumptions about the parametieey CGE models are sensitive
not only with respect to the value of parametersdiso to the hypotheses of the
model, i.e. the type of equation which defineseaqailibrium in the factor or goods
market or the functional form chosen to model thiestitutability across products or
factors (see McKitrick, 1998).

In this section | consider three main elements thay affect trade policy results

in global CGE models: Armington elasticity, firmrmtuct and labour market.

1.2.1 Armington elasticity

CGE modellers typically draw the elasticity valuenh econometric studies that
use time series price variations to identify anstdtéty of substitution between
domestic goods and composite imports (Alaouze, 18&duzeet al, 1977; Sterret
al., 1976; Gallawayet al, 2003). This method has three drawbacks: the tipeint
estimate as true, a downward bias in the pointnedés created by problems in
estimation technique and an inconsistency betwden data sample of an
econometric estimate and the trade policy experimidertel et al. (2007) try to
overcome these limits by using cross-section pragations in place of time series
price variations for the econometric estimate.ddi@on, they take into account the
uncertainty regarding the values of Armington etityt through a Gaussian
Quadrature numerical integration technique. Balyictthe objective is to improve
the linkage between econometirc estimates of kegnpeters and their use in CGE
trade models.
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The computed elasticity in the study by Hered al. (2007) are more
econometrically founded than elasticity computed bye older methods.
Nevertheless, the authors admit that the methoddconderestimate elasticity in
developing countries, which are likely to imporsdedifferentiated products than
richer countries, because their estimates stenms &alatabase of seven American
countries, including the USA.

Thus, Valenzuelat al. (2008) carry out a sensitive analysis in the GTA®&del
(see subsection 1.3.1) using two different valuésAamington elasticity for
developing countries.

The results of the study shows, for example, thata®an Africa loses slightly
from its own full liberalization because the eféiocy gain is more than offset by the
loss in its terms of trade with the standard Arnamgelasticity value. Vice versa
with a doubled Armington elasticity value in deyalty countries, the efficiency
gain increases and the loss in terms of trade dsesaein Saharan Africa, because the
export demand elasticities also double in size.sThhe overall effect on welfare
after trade liberalization is positive in the ar@ais is a simple example that shows
the importance of Armington elasticity value.

Another problem linked to Armington elasticity isetfiscal bias, which severely
undermines the welfare calculation. Taylor and »onim (2006) set out an example
concerning the GTAP/LINKAGE model, used World Bankto simulate trade
liberalization scenarios. In the basic GTAP modée Armington assumption
ensures that if a country removes tariff barriers isector, the country will increase
imports in the sector because of the reduced immace. The GTAP model also
assumes that a decrease in income tax, followinff taits on imports, is perfectly
compensated by a new tax which distorts neithedymrtoon nor demand.

However, the authors demonstrate that the negdireet impact of this new tax
is greater than the positive indirect effect offtaeduction via a lower price, if this
new tax is a simple tax on aggregate consumption.

The implication is that theWorld Bank estimates of welfare gains from
liberalisation are subject to biases because taufbpression leads to demand

contraction for imports if this direct effect ongaggate consumption is considered.
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1.2.2 Firm conduct

The introduction of imperfect competition and irasg returns to scale in CGE
models raises the question whether trade policylsitions are sensitive to the
hypothesis about firm conduct.

Willenbockel (2004) provides a systematic synops$ialternative formulations of
imperfectly competitive supply behaviour in appliggneral equilibrium trade
models. The proposed range of schemes is broadmestic Cournot scheme, an
international Cournot scheme, a domestic Bertrahérse, an international Bertrand
scheme and an oligopoly with conjectural price antput variation$.

Willenbockel build a stylised model with simulatédta. There are three countries
(A, B, C) and two sectors (a perfectly competitivee and an imperfectly
competitive one). He assumes that country A impaseariff in the imperfectly
competitive sector. Thus, he examines the sengitof simulated trade policy
effects to the specification choice of firm conduthe firm behaviour is associated
with different Armington and Dixit-Stiglitz elasity values.

In addition, imperfect competition needs to calierthree parameters: the Dixit-
Stiglitz elasticity of substitution between firmespfic varieties, the mark-ups and
the number of firms in each sector. Given that éhparameters are linked by the
Lerner equation, in CGE models with imperfect cofitjp;m two of the three
parameters are generally set extraneously whileréineaining one is calibrated
residually. At the calibration stage, Willenbocksles two types of strategies, which
can also be found in the empirical literature.na first one, the number of firms and
Dixit-Stiglitz elasticity are set extraneously whimark-up is calibrated residually
(e.g. Brown and Stern, 1989). In the second onentimber of firms and mark-ups
are set extraneously, while the Dixit-Stiglitz ¢leisy value is calibrated residually
(e.g. Gasiorelet al, 1992; Haaland and Norman, 1992; Willenbocke94)9

8 with the domestic Cournot hypothesis, the firmuasss that its conjecture about the reactions of
rivals only concerns the other domestic firms. Wiltle international Cournot hypothesis, the firm
assumes that its conjecture about the reactionsvals also concerns foreign competitors. This
assumption is not trivial. For example, the intéioreal Cournot scheme implies that foreign rival
guantities remain fixed and foreign rival pricesgend to marginal variations in firm output because
any variation in firm output entails a shift in tiemand curves of foreign rivals.
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The results of trade experiment are very intergstWillenbockel finds that
simulated responses to the trade policy shock abeist to the choice of firm
behaviour. However, the results are very sensitivehe strategy chosen at the
calibration stage and to the benchmark mark-upegalu

Thus, the main practical implication for applieddies is that it is more important
to provide clear documentation of the numericacgmation at the calibration stage
than to conduct in-depth sensitivity analysis asraswide range of imperfectly

competitive models at the theoretical stage.

1.2.3 Labour market

The strength of CGE models lies in the possibiitysimultaneously considering
price and quantity interactions in all markets, iltaking into account all the direct
and indirect effects of trade policy. This compmetieeness is also the weakest point
of CGE models because it requires a lot of data, amdturn, implies over-
simplification of reality. One of the major simpdi&tions regards the labour market,
in particular, the assumption that the total lesfeemployment is fixed.

In reality, trade policy is likely to have an impan the level of total employment
and thepolicy makeris often interested in assessing the effects adetrpolicy
liberalization on employment. Standard CGE modelsndt allow for this kind of
trade consequences; in fact, most of them assuogearus unemployment levels.

As stated by Stiglitz and Charlton (2004, pp. 8-@GE models often do not
account for the presence of persistent unemploymedéveloping countries. In the
presence of unemployment, trade liberalization sieyply move workers from low
productivity protected sectors into unemployment’.

Ackerman (2005, p. 20) stress that this limitatexplains ‘why the gains to
consumers from tariff reductions dominate the maestimates of the benefits of
liberalization: producer impacts, positive or négat have been largely suppressed

by assumption’.
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Nevertheless, efforts have been made to allow farying levels of total
employment. Recent studies for thdnited Nations Conference on Trade and
Development{UNCTAD), using GTAP model, simulate trade lib&ation under
the assumption that the employment of unskillealabn developing countries can
change. In one such study Fernandez de Cordob&a@mzktti (2005) find that the
elimination of all industrial tariffs would lead testimated increases in the
employment of unskilled labour of between 5% andiB%xnost of Asia, Africa and
Central America.

The MIRAGE model is another attempt to considenalde total employment
(see subsection 1.3.3). The labour market strudturdeveloping countries is close
to the UNCTAD framework but the model predicts eliéint results for agriculture
liberalization (Bouett al, 2005). The gains from agricultural trade libexation are
limited and are concentrated in developed countjies as in the standard GTAP

model.

1.3 Main global CGE models for trade policy evaluon

Let us now move on to a description of the main C@fle models used by
international organizations, such as the WB, theONThe EC and the OECD
(Organisation for Economic Co-operation and Develepf) to simulate trade
liberalization scenarios, as in the Uruguay and @&oégotiations. Three models are
examined: GTAP, MEGABARE and MIRAGE. These models aot set out in
detail because they are very rich and several aressof each model have been
developed over the years. | will try to give thesesxe of the models by briefly
explaining their origin, use and most importantdieas. | will however go into more
detail for MIRAGE model because | know more abauhaving used it during my

work experience at CEPII.
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1.3.1. The GTAP model

‘The Global Trade Analysis ProjediGTAP) was established in 1992, with the
objective of lowering the cost of entry for thoseeking to conduct quantitative
analyses of international economic issues in ama@og-wide framework’ (Hertel,
1997, p. 3).

A fully documented global dataset and a standardattiog framework are the
two main characteristics of GTAP. In addition, alml network of researchers and a
consortium of national and international agenciesviple support for multi-country
analyses of trade and resource issues.

The GTAP database is commonly used in global CGHelsoto assess trade
policy reform. As noted in the introduction, théelst version (GTAP 7.0, Narayanan
and Walmsley, 2008) is a large SAM. Besides prowgjdhe values for demand and
production variables, It also contains completeatbilal trade information and
transport and protection linkages among 113 coeswr groups of countries and 57
sectors for the base year 2004. The lack of inptut tables makes it necessary to
aggregate some developing countries. Bilateraktfimvs stem from COMTRADE,
the United Nations Commodity Trade Statistics Das&b Tariff barriers are drawn
from the MAcMap Market Access Mapgiatabase (Bouet al, 2004) produced by
CEPIl and the ITC Ifternational Trade Centde research institutes, located
respectively in Paris and Geneva.

| now describe the theoretical framework in thendead GTAP model.

The nested production technology in GTAP exhibaesstant returns to scale and
every sector produces a single output. Five prinfacgors are considered: land,
natural resources, capital, unskilled and skilladial. A CES technology is used to
combine the five production factors to obtain tladue added and a CES function is
also used to aggregate the domestic and foreigermediate inputs. Leontief
technology uses the value added and the aggregegemediate inputs in fixed

proportions to produce output.
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Among the primary factors, labour and capital sedfgrtly mobile across sectors,
while land and natural resources are imperfectlpileo However, land and natural
resources are only used in the agricultural antigmy energy sources sectors.

Capital is also perfectly mobile across countriésis assumed that the other
primary factors are generally immobile in the cowynbr group of countries
depending on the chosen geographical aggregation.

Regarding the demand side, a representative holdseditects all the income that
is generated in the country or group of countridepénding on geographical
aggregation). This income is shared through a dadbglas function across private
household expenditure, government expenditure amdngs. The constrained
optimising behaviour of private consumption is eanted in the GTAP model by
the CDE Constant Difference of Elasticjtymplicit expenditure function, which
takes into account the non-homotetic nature ofl teasumption. The CDE function
is less general than the fully flexible functiohatms, but is more flexible than the
commonly used LES-CESLipear Expenditure System Constant Elasticity of
Substitutiof function.

Macroeconomic closure is neoclassical, therefareestment is savings-driven.
The international trade is modelled through the ligton assumption, as usual.

Different versions of GTAP models exist. Imperfeompetition can be inserted
as in Hertelet al (1997) and Francois (1998). International tecbgglspillovers
have also been considered as in van Mejil and v@mgdren (1999). The dynamic
version of the model, LINKAGE, was developed by Agrdonet al. (2005 a-b) for
the WB. LINKAGE is solved recursively over a periofififteen years. The dynamic

side is represented by population growth and dagitzumulation.

1.3.2 The MEGABARE model
The MEGABARE model was developed by Hanslow in 18®6heAustralian

Bureau of Agriculture and Resource Econonf&BARE). It drew, in part, upon the

structure and database of GTAP but it also contlsignificant advancements over

32



the GTAP model of that time. The first major diface was the dynamic set-up of
MEGABARE. In addition, it was applied not only téobal trade liberalization but
also to a variety of issues as environmental policy

MEGABARE has evolved over the years. Its most reeension, GTEM (Pant,
2002), incorporates additional elemehts.

Each production sector consists of several homagenérms that use identical
technology and produce homogeneous products. Tdrerdwo exceptions to this
assumption: the electricity sector and the iron steel sector. These sectors produce
homogeneous outputs but employ non-homogeneousidiegies. For example,
electricity can be produced by using coal fire tedbgy or hydroelectric
technology.

Technological change is exogenous except for tfamimenewable energy sector,
such as solar, where a “learning by doing” proiessodelled and the mining sector,
where the factor productivity declines as the cuatiu level of resource extraction
increases.

Each year the labour supply is fixed but it evolaesording to participation rates
within the working-age population.

The capital account is open. Domestic savers paechl@onds on the global
financial market and domestic investors sell bamalshe global financial market. A
flexible global interest rate clears the globalaficial market. Nevertheless, it is
assumed that rates of return on money investedhiysigal capital may differ
between countries because of the risk characteastl policy configurations of each
country. As a result, any differences between tivallrates of return on capital and
the global cost of borrowing is the consequencepalfcy imperfections on the

international capital market.

® GTEM stands fofslobal Trade and Environment Model
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1.3.3 The MIRAGE model

The MIRAGE model was developed by the French rebearstitute CEPII in
2002 (see Bchiet al) to simulate trade policy scenarios. At the metion of the
European Commissioand French Finance Ministry the model was widedgdito
assess the entry of China into the WTO and to aratiie preferential bilateral
agreements between the European Union and diffpeetiiers, such as the Mercosul
and ACP countrie¥’

In 2007 Decreux and Valin developed an updatedamis the model, funded, in
part, by theEuropean Commission

MIRAGE also uses GTAP and the MAcMap database.téated above, MAcMap
database is compiled by the CEPIl and ITC. It mtesiad valoremequivalent
measure of specific tarifgd valoremtariff and tariff quotas. In addition, prefereitia
agreements are taken into account. As a result A@IR is based on a description of
trade barriers that is precise and preserves thtetal dimension of the information.

Following, is an illustration of the theoreticalrgtture of the model with
reference to the latest version (2007).

Concerning the demand side, in each country or mrafi countries a
representative household maximises utility functeord owns factor endowments.
Total demand is comprised up of final consumptiotermediate inputs and capital
goods. Final consumption is modelled through a IEES function. With this kind
of function, the elasticity of substitution is ctest only across the sectoral
consumptions over a minimum level.

The representative household includes the goverpriteefore it pays and earns
taxes so that the public budget constraint is iapid meeting the household budget
constraint. Any decrease in tax revenues (e.g. asomsequence of trade
liberalization) is assumed to be exactly compermkshyea non-distorting replacement

tax.

% Mercosul is a regional trade agreement among AimgenBrazil, Paraguay and Uruguay
established in 1991. Bolivia, Chile, Colombia, Edoil Peru and Venezuela are currently associate
members. ACP stands for African, Caribbean andfieg@roup of States.
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Horizontal and vertical product differentiation istroduced. Horizontal
differentiation and increasing returns to scale \@g/ close to the specification of
Harrisonet al. (1997). Each firm produces its own, unique vari€ymmetric firms
compete in a Cournot-Nash way.

Vertical product differentiation distinguishes betm two quality ranges, defined
on a geographical basis. The first quality rangelutles goods produced in
developing countries, while the second includesdgoproduced in developed
countries. This geographical product differentiatiteads up to the standard
Armington level. Elasticity of substitution betwethre quality ranges is smaller than
the Armington elasticity. Even if rudimentary, tassumption is a first attempt to
allow for specialisation in quality ranges, whichshbeen amply illustrated in the
empirical literature (Fontagné and Freudenberg,71@eenaway and Torstensson,
2000).

Now let us move to the supply side. As in the GTiA&del, five primary factors
are considered: land, natural resources, capithtkified and unskilled capital.

CES technology uses land, natural resources, ledhkdbour and a fictive factor
to produce value added in each sector. The fidaeeor is a CES bundle of capital
and skilled labour. This structure is intended &ket into account the well-
documented complementarity between skilled labourd acapital (Duffy,
Papageorgiou and Perez-Sebastian, 2004). Therdfweglasticity of substitution
between skilled labour and capital is smaller tlhe elasticity of substitution
between fictive factor and the other primary fastor

Leontief technology uses value added and interndimgputs to produce output.
Intermediate input in each sector is represented BES function of intermediate
inputs from all the other sectors. As a resulterimtediate inputs are imperfect
substitutes.

The updated version of MIRAGE introduces interegteglements for modelling
the labour market. As noted in subsection 1.2\8eak point of the CGE approach is
the fixed labour supply, especially for developingunties. For this reason in
MIRAGE, a dual labour market is considered for depimg countries and unskilled

labour. It follows the theoretical studies of Lewis954) and Harris and Todaro
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(1970). A modern urban sector (industry and sesjigmys an efficiency wage to
unskilled workers. This wage is independent of ldi®our supply. The traditional

sector (i.e. agriculture), by contrast, uses adfigaantity of unskilled labour which is

paid at the level of its marginal productivity. $hassumption stems from the high
level of underemployment observed in rural areasoafie developing countries. As a
result, unskilled workers can respond to any labdemand in the modern urban
sector, while their position is filled in the agritural sector. This specification

provides a simple way to depart from the standasdumption of exogenous
unemployment levels used in most CGE models.

Regarding macroeconomic closure, MIRAGE, unlike GiBAP model, assumes
that installed capital is immobile in each courdrygroup of countries and in each
sector; this is the so-callgulitty-clayhypothesis. In the GTAP model the assumption
of perfect capital mobility across sectors and ¢toes results in unrealistic cross-
border capital flows. Using the results of econamedstimates directly to calibrate
parameters would give more realistic results butildidack theoretical consistency.
Therefore, theputty-clay hypothesis is used in MIRAGE. As a result, investin
plays an important role because F[Mofeign Direct Investmenksare the only
device for adjusting capital stock. An original netichg of FDI is used. It is a
compromise solution between theoretical consistamclempirical realism. The first
objective requires domestic investment allocatiowd &DI to be consistent and
saving behaviour to be rational. The rate of retorcapital in each country or group
of countries and in each sector is a natural detemmb of investment sharing across
countries and sectors. In addition, the empiritafdture (Chakrabarti, 2001) shows
that this rate of return depends on the main detemts of FDI. For this reason,
domestic and foreign investments are a functiothefinitial savings in each country
or group or countries and the sectoral rate ofrmeta capital in each country or
group or countries.

As for the GTAP/LINKAGE and MEGABARE/GTEM models, dynamic
version of MIRAGE exists. The model is solved retuly over a period of 15 or 20

years. Each year, the capital evolves through bmexmentioned FDI mechanism
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and its depreciation rate while labour force growghmodelled according to the

World Bankpopulation projections.

1.4 Global CGE trade models at the sub-national lel

The objective of this thesis is to build a glob&E trade model at the NUTS 1
level for the regions in the first 15 member statetheEuropean UnionEU15).

There are CGE trade models at the sub-national luethis kind of model has
generally been applied to a single region or a haraf regions because they are
very demanding in terms of ddtaTo the best of my knowledge, only Australia and
the European Union have developed and applied hIGkEE trade models to a
considerable number of regions.

Three examples of this type of model are preseint¢ide following sub-sections:
the GTAP-CAPRI model, the MONASH-MRF model and MitRAGE-DREAM
model. The GTAP-CAPRI, MONASH-MRF and MIRAGE-DREAModels are not

discussed in detail but the main features of eaehvall be outlined.

1.4.1 The GTAP-CAPRI model

The GTAP-CAPRI model is developed by Jansson, Kuape Adenaler as a part
of the SEAMLESS project (2009). SEAMLESS standsSgstem for Environmental
and Agricultural Modelling: Linking European Scienand SocietyThe project is
carried out by a consortium of 30 partners, led \Bageningen University
(Netherlands). Its aim is to combine the detaileztlailing of agriculture in CAPRI
and the economy-wide general equilibrium feedback3TAP.

CAPRI is apatrtial equilibrium (PE) model which includes about 200 NUTS 2

regions of the 27 members of the European Unioe. Mbdel also considers about

" partridge and Rickman (1998) conduct a surveyiofi snodels, mostly for regions in the USA.
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30 different crop production activities. The aninsactor incorporates dairy cows,
cattle raising as well as eight other animal atési

In each NUTS 2 region a representative farm maxmiprofits subject to
constraints such as utilisable agricultural arehmoduction quotas.

As stated above, CAPRI is a PE model because nacuHgral variables, such as
input prices and consumer income, are exogenous.

In principle, a joint solution of a GE and PE madé not different from the
solution of a single extended GE model. Basicaltg strategy followed here that
links the GE and PE models consists in using enumggeoutcomes of the GTAP for
variables which are otherwise exogenous in the JAHRe GTAP agricultural
sector is iteratively adapted to the CAPRI chanpesugh an additional program
which calibrates standard GTAP parameters to CARRIIts. The iterative process

is illustrated in Figure 1.2

Figure 1.1: Iterative solution processin the GTAP-CAPRI model

SHIFT MARKET
47
GTAP SUPPLY

—> DG
(W,w,m)

12 The figure is taken from Janssenal (2009).
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Upper case letters denote the absolute value ofdhable while the lower case
letters in brackets denote % change from the buseialue. The variables are: the
prices of GTAP primary factord\), aggregate input and output price indexes in
CAPRI (p), aggregate supply of agriculture in CAPRY), (input demand for
agriculture in CAPRI (), land price in CAPRIA) and consumer expenditure in
GTAP (m).

Within the CAPRI model, the solution process stamtdshe SUPPLY module,
which computes the supply of agricultural goodshatNUTS regional level within
the EU. The supply is aggregated to the membez &ael, and the supply functions
of the MARKET module are recalibrated to replicétte solution of the SUPPLY
model. The MARKET module is then solved for mar&etaring prices, using linear
approximations of the last outcome of the SUPPL\dehoTo this point, the process
is the standard CAPRI procedure. However, afterMARKET module has been
solved, the results are aggregated at the GTAR &k stored in the DP file. The
SHIFT module uses thg s, dand/ values, stored in the DP file, and the outcome of
the previous iteration of GTAP (DG file) to compulte shock to the key parameters
of GTAP. When GTAP finishes by inserting the nevuea of W, wandm in the DG
file, CAPRI resumes the execution and starts aitenation by solving the SUPPLY
and MARKET modules. The iteration process stopsnthe price changes are no
more than 0.1%.

While GTAP-CAPRI model allows for very detaileddeapolicy simulations, the
model is limited to the analysis of the agricultugactor.

1.4.2 The MONASH-MRF model

MONASH-MRF is a multi-regional, multi-sectoral CGg&odel of the Australian

economy. The model and its database were develop&eter, Horridge, Meagher,
Nagqvi and Parmenter in 1996 at the Centre of P@icylies-

3 The Centre of Policy Studies, a research centhomiash University, is devoted to quantitative
analysis of issues relevant to Australian econgmicy.
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MONASH-MRF divides Australia in eight regional eamies. There are four
types of agents in the model: industries, househadvernments and foreigners. In
each region there are thirteen industrial secfoing. regional demand and supply of
goods are determined by the optimising behaviouthef agents in competitive
markets.

Concerning the production side, in each regiondiunse intermediate inputs and
primary factors. Production is specified througtheee-level nested technology. At
the first level, the bundle of primary factors (valadded) and intermediate inputs is
modelled by a Leontief technology (i.e. they aredusn fixed proportions with
respect to the output). At the second level thenary factor bundle is a CES
combination of labour, land and capital, while theermediate input bundles are a
CES combination of international imported goods daohestic Australian goods. At
the third level intermediate inputs of domestic d®are formed as CES combination
of goods from each of the eight regions while thfgut of labour is formed as a CES
combination of labour inputs from eight differerdcapational categories. Thus, the
intermediate inputs from different regions are rmudrfect substitutes in the
MONASH-MRF model, such as domestic and foreign good the case of the
Armington assumption.

The demand side is specified through a three-Istratture. At the first level, in
each region the representative household maxinasise®ne-Geary utility function,
leading to thdinear expenditure systeii,ES). At the second level, imported and
Australian domestic goods are modelled by a CEStionm as in the standard
Armington scheme. At the third level a CES functisralso used to represent the
imperfect substitutability among goods from each thé eight regions. The
MONASH-MRF model includes both the Federal and &stgavernments. A single
aggregate foreign purchaser of exports is considefe model export demands,
goods are divided into two groups, the traditioemports, agriculture and mining,
and the remaining non-traditional exports.

MRF model can produce either comparative-staticfasecasting simulations
(dynamic set-up). A comparative static simulatiam ®de interpreted as short-run or

long-run effects according to the hypothesis aboapital mobility. Short-run
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simulations are characterised by the assumptidixed industry capital stock. Long
run simulations assume that the industry capitatksis determined endogenously,
while the world rate of capital return is exogendemally, forecasting simulations
allow for capital accumulation over the years aodiation growth.

It is important to describe the labour market. MieF model allows for both: (i)
an exogenous determination of the regional popmuatiwith an endogenous
determination of at least one variable of the negidabour market, chosen from
regional unemployment, regional participation radesl regional wage and (ii) an
exogenous determination of all the previously nmrd variables of the regional
labour market and an endogenous determinationgodmal migration, and hence, of
regional population’ (Petaat al, 1996, p. 50).

A highly disaggregated version of the MONASH-MRF debwas created by
Horridgeet al in 2003. This version, named TERM model, is tgfic solved for
approximately thirty regions and forty sectdts.

1.4.3 The MIRAGE-DREAM model

The MIRAGE-DREAM model was developed by Jean anbotde in 2004 with
the support of CEPII anBuropean Commissio(EC). The model is applied to 119
NUTS 1 regions in the EU25.

Jean and Laborde use two different dataset: GTAPRIEGIO of EUROSTAT.
The GTAP 5.3 database (see Dimaranan and Mc Dow202) is the source of
national data, while REGIO provides informationthé regional NUTS 1 level.
However, some countries show a high rate of misdatg and an excessive level of
sector aggregation at the regional level. Thusatitbors draw additional data from
national statistical institutes. Concerning sedtaggregation, the European NACE

(Nomenclature Générale des Activités Economipetssification is mapped into

14 TERM stands fofThe Enormous Regional Model
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the GTAP one in order to obtain a consistent harssohdataset. The base year for
both datasets is 1997.

Jean and Laborde make use of a two-stage strdtedlye first stage MIRAGE
calculates the impact of trade policy shock for Ei¢25 as a whole. In the second
stage the results of the impact are used as imputhe DREAM model, i.e. the
changes in EU25 import prices and export demancsept the exogenous shock in
the DREAM model.

DREAM is a CGE model in which each of the 119 NUI'&gions is considered
separately and the trade relationships of eaclomegie described by the results of
the MIRAGE model. For this reason, the theoretstaicture of the DREAM model
is as consistent as possible with that of MIRAGEvéttheless, some simplifying
assumptions are introduced in the DREAM model ideorto make it possible to
consider each NUTS 1 region separately. The maiplgications are the following.

(i) The country mix of imports, as well as the oty mix of exports are assumed
to be constant across regions within each countthé EU25 according to GTAP
database. This assumption is required due to tkedbwell-suited trade data at the
NUTS 1 level.

(i) Unlike MIRAGE, all the sectors are charactedsby perfect competition and
constant returns to scale.

(iif) The composition of the intermediate inputsket for each sector is assumed
to be fixed (Leontief technology). In the MIRAGE de imperfect substitution
across intermediate inputs from different sectemmodelled through a CES function.

Regarding the demand side, in each NUTS 1 regipnesentative household
maximises a LES-CES utility function, which is nboamotetic due to a minimum
level of consumption. The main source of incometli@ household is the returns to
the production factors it earns. Labour wages sseraed to be earned wholly by the
representative regional household. In contrastréiggonal household earns capital
income generated by the capital stock from differBltuTS 1 regions, but the
production in the region is made using the captiatk installed in the region.
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The representative household saves a constant ghasedisposable income. As
in MIRAGE, total demand consists of final consuropti intermediate inputs and
capital goods.

The geographical distribution of demand followsheee-level structure. At the
first level, goods are divided into two groups: dedrom developed countries and
goods from developing countries. As in MIRAGE, thassumption allows for
different product quality ranges. At the seconcelean Armington specification for
each country divides the demand between domestidarign goods. At the third
level, for each country within the EU25, a CES timt defines the imperfect
substitution across products from different NUTfdions within the same country.

The production side is very close to that of MIRAGHere are five factors of
production: skilled labour, unskilled labour, capitland and natural resources. A
CES bundle is used to take into account the comgaieamity between capital and
skilled labour. However, as stated above and uMKeAGE, intermediate inputs in
each sector are used in fixed proportions.

Concerning the mobility of production factors asraggions, land and natural
resources are immobile in the region and are segiecific. Capital is assumed to be
perfectly mobile across sectors and regions irEti25. Unskilled and skilled labour
is perfectly mobile across sectors. The imperfelsbur mobility within each country
of the EU25 is modelled through a CET function. Nensitivity analysis is
conducted on the robustness of the results withexsto the different degrees of
labour mobility. The value of the elasticity of magion is based mainly on
Eichengreen work (1993).

The macroeconomic closure is neoclassical, thesinvent is savings-driven and
is equal to the savings for the EU25 as a whole.tk® EU25, the current balance
(i.e. the difference between savings and invests@atexogenous and as a result,
the EU25 current external balance is also exogerouwntrast, the current account

is endogenous in each region within the EU25.
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Chapter 2
A global CGE trade model at the NUTS 1

level with perfect competition

2.1 Introduction

In the first chapter | set out the main global Ctzdtle models and their evolution
over the years. Special attention was given to ahalysis of global CGE trade
models at the sub-national level.

Now | present my version of a global CGE modelh&t sub-national level. It is
applied to the 68 NUTS 1 regions within the firStrhember states of the European
Union (EU15). The model has been built startingrfrthe updated version of the
MIRAGE model (Decreux and Valin, 2007) but sevémgbortant changes have been
introduced. As a result, the model must be consdia@part from MIRAGE, as my
original contribution.

My approach is also different from that used bynJaad Laborde (2004) in the
MIRAGE-DREAM model, where a NUTS 1 representatiegional household as
well as a NUTS 1 representative regional firm appéheir model is very
demanding both in terms of data and computaticesdurces. However, the lack of
well-suited data concerning trade across NUTS lonsgand between NUTS 1
regions and countries outside of Europe makesaessary to resort to simplifying
assumptions.

In contrast, | have built a parsimonious CGE moalkich uses relatively little
information at the NUTS 1 level, i.e. the value edidskilled and unskilled labour.
Only the production side is considered at the NUTI8vel. In each NUTS 1 region,
a representative firm maximises profits. Simplifyimssumptions are made for all the

variables of production other than the value addkitied and unskilled labour.
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The demand side continues to be specified at th&5HBvel. This means that
imports, exports, domestic demand, as well as $kecated prices, are at the EU15
level. This implies, for example, that the price tbé goods, paid by the EU15
representative household, is the same in all th&®IU regions. In a perfectly
competitive equilibrium, the price is equal to tharginal cost. As a result, all the
firms within the EU15 have the same marginal cagttbey use inputs by different
intensities according to the NUTS 1 region whewe ghoduction takes place. Thus,
the focus is on the production side at the NUT8vell

In addition, the MIRAGE-DREAM model gives a poowoeaomic interpretation of
trade policy effects. For this reason, | have baifitylised model, which reproduces
the main features of my big model, in order to dretinderstand the underlying
economic functioning.

Unlike the MIRAGE-DREAM model, | conduct a sensityvanalysis on trade
policy results according to two different degreéskilled/unskilled labour mobility
(perfect immobility at the NUTS 1 level and high bildy within the EU15).
Moreover, an integrated unskilled/skilled labourked within the EU27 is tested.

In this chapter | assume perfect competition antstant returns to scale to hold
in all the sectors; in the third chapter the cabenperfect competition will be
discussed in-depth.

The chapter is organized as follows. In sectiome tivo datasets are described,
the regional one and national one, as well as theegure used to match them. In
section 3 the chosen sectoral and geographicaéggtons are presented. In section
4 the theoretical structure is set out. In seclidhe calibration strategy is described.
In section 6 the trade policy shock is illustratéu.section 7 the results of trade
policy on production reallocation across sectorsaoh region are presented as well
as the results of the sensitivity analysis whicltasducted to test the relevance of
the assumption about skilled/unskilled labour migbibn production reallocation.
Other interesting results are presented: the Uadkskilled labour migration within
the EU15, the change in the value added at the N¥& and the changes in the
trade patterns and welfare at the macro-area lévedection 8 a stylised model is

proposed for interpreting the results.
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2.2 Database

Two different databases are used: a national deg¢adwad a sub-national database.
The national database is GTAP 6 (Dimaranan and Magyall, 2005). It is a large
SAM for 87 countries or groups of countries ands&¢tors. It contains information
on bilateral trade flows and transport linkages agnoountries. It also incorporates
the MAcMap database for tariff barriers. MAcMapaishighly esteemed dataset on
trade protection. It includead valoremequivalent measuref specific tariffs,ad
valoremtariffs and tariff quotas. In addition, preferehtagreements are taken into
account in a quasi-exhaustive way. As a result, dascription of trade barriers
preserves the bilateral dimension of the infornmatid special procedure is designed
to limit the extension of the bias that occurs whamiffs are aggregated according to
the nomenclature chosen for the CGE analysis (Betwgt, 2004). The base year for
the GTAP 6 version is 2001.

The sub-national database is derived from EUROSTATdraw on the
methodology used by Laborde and Valin (2007) taimbtalue added, skilled and
unskilled labour at the NUTS 1 level. Laborde andliv use e2vabp95
sbs r NUTS_03and If2eedu EUROSTAT tables, which consider 247 NUTS 2
regions in the EU25.The e2vabp95able contains the NUTS 2 value added for 16
NACE sectors. Thebs_r NUTS_O8ble contains data on employment at the NUTS
2 level for 63 NACE sectors. Th#2eedu table contains NUTS 2 data on
employment listed by the highest level of educatitiained.

Thesbs r NUTS 03able does not contain any precise data for empoy in
the agricultural sector. Thus is supplemented by the2acc797EUROSTAT table,
which provides data on the production of 39 agtical products. The agricultural
employment is divided among the NUTS 2 regions ating to the production share
of each NUTS 2 region.

The e2vabp95table provides data on value added in only 16 NAg€Etors. In

order to have more detailed information, value dddesach country is distributed at

! Data are not available for Bulgaria, Romania dredRrench Overseas Territories.
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a more detailed sector level by using the GTAP talmkse. This new value is then
distributed among the NUTS 2 regions accordingnpleyment share computed in
thesbs r NUTS_O&ble.

To determine skilled and unskilled labour, Laboatel Valin refer to théf2eedu
table of EUROSTAT. The table provides the numbeiowf-skilled, medium-skilled
and high-skilled labour for each NUTS 2 region. HigROSTAT database defines
skilled and unskilled labour based on the ISCEDtefnational Standard
Classification of Educationclassification, i.e. according to the highesteleof
education attained. In contrast, GTAP uses the I{U@ternational Labour
Organisatior) classification. In GTAP, the skilled labour (pestional workers)
category is made up of managers and administrafmafessionals and para-
professionals. Trades-persons, clerks, salesperaodspersonal service workers,
plant and machine operators and drivers, labowards related workers, and farm
workers comprise the unskilled labour (productioorkers) category. Considering
that the medium-level in EUROSTAT corresponds ® I(BCED levels 3 and 4 and
that the analysis is conducted over developed cesntLaborde and Valin match
low and medium-levels of education with unskilleabdur and the high level of
education with skilled labour.

Unfortunately no data are available from EUROSTAhaerning the distribution
of skilled and unskilled workers across sectorsthe NUTS regions. Thus the
authors adopt the following methodology to dividelled and unskilled workers

across sectors:

1) At the national level, a mean Wa(gﬁ{C is computed for each labour type

(unskilled and skilled) and for each European cguotby dividing the country
remuneration (GTAP data) by the number of employe&®01 for each labour type
| (unskilled and skilled) computed by using tf&eedutable

2) For each labour typle each European counteyand each sectoy GTAP data
are then used to calculate the shag of skilled and unskilled labour remuneration

in the total sectoral remuneration on a nationalda

48



The following formula is used:

da, =1 (2.1)

3) It is assumed that the remuneration of each N@Tfgionnut2 within a
country has the same sectoral skilled/unskilletfibistion as the country to which it
belongs. Thus, it is possible to determine the remationREM for each labour type
I, each sector and each NUTS 2 regiamut2 by multiplying the share, ;i (GTAP
data) by the total NUTS 2 remuneration in each asectobtained from the
sbs r NUTS_03and a2acc797 EUROSTAT tables according to the following
formula:

REM, .5, =01, REM,, (2.2)

1,nut2,i

4) Finally, assuming the mean walgﬁ,C to be homogeneous across sectors in

each NUTS 2 region within a country, the value mp&ymentEMP in each NUTS

2 regionnut2, sector and typd is determined as follows:

REM .0
EM I:I),nut2,i = Vvl o2 (23)
|

C

It should be noted that EUROSTAT tables have sonssing values. Filling
methodologies have been applied by the authors diyguother complementary
tables from EUROSTAT and GTAP information (see Lalgoand Valin, 2007).
Most of the EUROSTAT data are from 2003 which ie thost recent year that has
the smallest number of missing values. Howevernaieedata are available in 2003,
data from 2001 and 2002 are used.
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To summarize, | can use a national database (GTARItG 87 countries or
groups of countries and 57 sectors, and a subrataatabase (EUROSTAT) with
247 NUTS 2 regions and 39 NACE sectors.

In the next section the sectoral and geographiggregations chosen for the
model are illustrated.

2.3 Sectoral and geographical aggregations

In this section | set out the sectoral and geogcaplaggregations chosen for the
model and trade policy simulations.

Two levels define geographical aggregation: onelle/for the three macro-areas
and the other one is for the 68 NUTS 1 regionhé&EU15. The macro-area level is
used to define the demand side variables. Therthege macro-areas: the EU15, the
rest of Europe (REU) and the rest of the world (ROWHdistinguish between the
EU15 and the REU because the EUROSTAT databaserie precise for the first
fifteen member states of the European Union. Inteh] Bulgaria and Romania do
not figure in the NUTS database. Finally, it iss@@able to think of the EU15 and
REU as more homogenous economic macro-areas. TWESN geographical level
is used to define production side variables. Tla@ee68 NUTS 1 regions within the
EU15. ROW and REU production variables continubdalefined at the macro-area
geographical level.

Concerning sectoral aggregation, there are founsedA small number of sectors
is preferable because the aim is not to assess palicy effects with respect to a
special sector but rather to understand generalilegum effects of production
reallocation across the NUTS 1 regions.

Table 2.1, Table 2.2 and Table 2.3 display choggnegations.

239 is a compromise based on different EUROSTATetakvhich have been used in addition to
the GTAP information incorporated into the NUT S&tatet.

50



Table 2.1: NUTS geographical level of aggregat@® IUTS 1 regions)

NUTS 1 regions

Austria
Belgium
Denmark
Finland

France

Germany

Greece
Ireland

Italy
Luxembourg

Netherlands

Portugal
Spain

Sweden
UK

East Austria, South Austria, West Austria

Brussels Capital Region, Flemish Region, Walloon Rgon
Denmark

Mainland Finland, Aland

lle-de-France, Parisian basin, Nord-Pas-de-Calaiszast, West,
South West, Centre East, Mediterranean

Baden-Wdttenberg, Bavaria, Berlin, Brandenburg, Bremen,
Hamburg, Hessen, Mecklenburg-Vorpommern, Lower-Saxoy,
North Rhine-Westphalia, Rhineland-Palatinate, Saarnd,
Saxony, Saxony-Anhalt, Schleswig-Holstein, Thuringi

Voreia Ellada, Kentriki Ellada, Attica, Nisia Aigai ou-Kriti
Ireland

North West, North East, Centre, South, Islands

Luxembourg

North Netherlands, East Netherlands, West Netherlags, South
Netherlands

Portugal

North West, North East, Community of Madrid, Centre, East,
South

Sweden

North East England, North West England, Yorkshire and the
Humber, East Midlands, West Midlands, East of Englad,
Greater London, South East England, South West Enghd,

Wales, Scotland, Northern Ireland
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Table 2.2: Macro-area geographical level of aggregdthree macro-areas)

Macro-areas

EU15 Austria, Belgium, Denmark, Finland, France, Germa@yeece,
Ireland, Italy, Luxembourg, Netherlands, Portugaain, Sweden,
United Kingdom

REU Bulgaria, Cyprus, Czech Republic, Estonia, Hungakrgtvia,
Lithuania, Malta, Poland, Romania, Slovakia, Sloaen

ROW Rest of the world

Table 2.3: Sectoral aggregation (four sectors)

Sectors

AGM Agriculture and minerals

PRM Primary energy sources (petroleum, coal and gas)
IND Manufactures

SERV Services

2.4 The theoretical structure of the model

In this section the theoretical structure of thedelas explained. The four main
parts are identified: demand side, supply sidetofamarkets and macroeconomic
closure. For notational conventions, list of valésh parameters and equations refer

to the Appendixes at the end of the thesis.

2.4.1 Demand

As stated above, all demand variables are defihé¢deamacro-area level mainly
because of the lack of well-suited trade data anfébdS 1 regions and between
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NUTS 1 regions and foreign countries. This implieat the price of each demand
variable is equal for all the NUTS 1 regions. Ualike DREAM-MIRAGE approach
and for the sake of simplicity, trade-relationshéps specified for the EU15 as whole
and not by each single European country.

As in MIRAGE total demand is made up of final comgtion, intermediate
inputs and capital goods. In each macro-area @&septative household chooses the
optimal sectoral composition of its final consuroptiby maximising a LES-CES
utility function subject to the household budgetswaint.

The demand for capital goods in each sector isifspe¢hrough a CES function.
The intermediate inputs also enter in the producsiole, therefore this variable has
been regionalized. However, the prices of the imégliate inputs are defined at the
macro-area level.

The standard Armington assumption is introducedodi&et differentiation
according to the macro-area geographical leveggfegation is modelled by a CES
function.

As in MIRAGE, in each macro-area the representativasehold includes the
government. The household pays and earns taxémsthe public budget constraint
is implicit to meet its budget constraint. Any dese in tax revenues (for example,
as a consequence of trade liberalization) is asdumée exactly compensated by a
non-distorting replacement tax. The representatioeisehold owns the factor
endowments.

The total demand at EU15 level is equal to the stithe regional supplies at the
NUTS level. As a result, it is supposed perfectssitittability across goods produced
in different NUTS 1 regions (see Eq. (A.1) in thep&ndix 4, List of Equations).

Figure 2.lillustrates the demand structure in each sectdrimreach one of the
three macro-areas. The rectangle shows the varigddehomb the functional form

used;i represents general sectoral index, whitg,, and o, are, respectively,

elasticity of substitution between domestic anctifym aggregate good and elasticity

across foreign goods (see also Appendix 3, Ligaohmeters).
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Figure 2.1: Demand structure
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2.4.2 Supply
The supply side is specified at the NUTS 1 levsl.skructure is very similar to

one used in the MIRAGE model, but the latter dostsspecify the production at the

sub-national level.
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In each one of the 68 NUTS 1 regions a represesntitin maximises profits. It
uses primary factors to obtain value added andrnmdiate inputs to obtain
aggregate intermediate input. Value added and ggtgeintermediate input are
linked by a Leontief technology to produce outptius, perfect complementarity is
assumed between value added and aggregate intatmegut.

In every sector of each NUTS 1 region aggregagrnmediate input is defined by
a CES function among intermediate goods of all roteectors. Therefore,
intermediate goods are used as intermediate inputse production side but they
also enter in the demand side together with thal tonsumption and capital goods.
For this reason the price of the intermediate is@ue at the macro-area level. This
means that the all the NUTS 1 regions face the gaie of the intermediate inputs
within the EU15.

Concerning value added as in GTAP and MIRAGE mottedse are five primary
factors: skilled labour, unskilled labour, capitédnd and natural resources. The
value added follows a two stage structure. At tret $tage value added is given by a
CES combination of land, natural resources, urexkihbour and a fictive factor. The
latter is defined at the second stage. It is a leubetween capital and skilled labour;
this modelling draws on MIRAGE and allows for themplementarity among the
two primary factors which has been described in éhgirical literature (Duffy,
Papageorgiou and Perez-Sebastian, 2004). Therefergn MIRAGE, this implies
that the elasticity of substitution between skillabour and capitalsg) is smaller
than the elasticity of substitution between fictfaetor and the other primary factors
(ova).

Perfect competition and constant returns to scalie in all the sectors.

Figure 2.2illustrates supply structure for each one of tBEN&TS 1 regions and
each one of the four sectorajt represents the general index for the NUTS 1 region
while ova, o and og are, respectively, elasticity of substitution asrgorimary
factors, among intermediate inputs and betweertalagmd skilled labour (see also

Appendix 3, List of parameters). Sector 1 represany of the four sectors.
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Figure 2.2: Supply structure
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2.4.3 Factor markets

Factor endowments are assumed to be fully employed.

Land and natural resources are immobile in each SlUTregion and in each
sector. However, land is used only in agricultisattor and natural resources are
only used in the agriculture and primary energysesl sectors.

Skilled and unskilled labour are perfectly mobilgass the sectors. Concerning
geographical labour mobility, in each macro-aredlesk and unskilled workers
maximise wage income subject to a CEJofistant Elasticity of Transformatipn
constraint. This implies imperfect mobility withithe EU15 and different wages
across the NUTS 1 regions.

Sensitivity analysis is conducted to test the r@tee of the assumption about
skilled/unskilled labour mobility; two different itaes (zero and ten) of the elasticity
of migration in the CET function are simulated twalyse how the results of trade
policy shock change at the NUTS 1 level by intradgdabour mobility within the
EU15.

The ROW and REU macro-areas are not divided inggons, thus it does not
make sense to think about geographical unskilldé#dk labour mobility.
Nevertheless, an integrated labour market withinE27 can be considered. In this
integrated labour market skilled and unskilled vesskcan move not only within the
EU15 but also between the EU15 NUTS 1 regions hedést of Europe (REU).

Unlike MIRAGE, capital supply is perfectly mobilerass sectors and within
each macro-area. It is then distributed among éwtoss and the NUTS 1 regions
according to the first order conditions for prafitaximisation with respect to the
capital factor.

2.4.4 Macro-economic closure

Macro-economic closure is neoclassical. Investmientsavings-driven. It is

determined by the income and the exogenous sawtey for the representative
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household in the macro-area. In equilibrium, the@af investment equals the value
of total demand for capital goods.

The external current account balance is fixed,etfloee the net flow of foreign
income does not depend on a world interest raték& MIRAGE, the model does
not take into account the role of FDI, which is fubdo analyse especially in a
dynamic set-up.

The model is static. As a result, no transitionginamic is considered.
Comparative static must be interpreted as mediutorg-run effects because capital
supply is perfectly mobile across sectors and widach macro-area, which are very
large.

It is noteworthy to recall that income is definddree macro-area level. Thus, the
computation of welfare change by the standard edgmi variation measure cannot
be carried out at the NUTS 1 level. As stated apthefocus of this work is on the
production side, in particular the production reedition across sectors at the NUTS

1 level.

2.5 Calibration

Calibration is a very important stage in the bugdiof a CGE model. The
calibration strategy is crucial as we saw in thstfchapter because trade policy
effects can be very sensitive to the value of trameters.

In this model value added/Q), unskilled labour ) and skilled labourH) are
taken from EUROSTAT database. Simplifying assunm#tiarise to determine the
other variables of the production side. For thigsom the repartition key of value
added at the NUTS 1 level is used to regionalize dther production variables,
according to the following formulas:

V
KEYVAHUt — A,nut
VA,EU 15

(2.4)
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TE e = KEYVA TReuss (2.5)

RN . = KEYVA, RN.yss (2.6)
Ki,nut = KEYVAi‘,nut K,EUlS (2.7)
INI jinut — KEYVAi‘,nut lNlj,i EU15 (2.8)

wherenut represents the general index for the NUTS 1 regi@amdj are sector
indexes andKEYVAI s the repatrtition key of value addetE, RN, K andINI are,
respectively, land, natural resources, capitaliatetmediate inputs (sold by secjor
to sectori).® Eqg. (2.8) implies an additional assumption for ifermediate inputs,
i.e. the distribution of the intermediate inputscanm the NUTS 1 regions in sector
does not depend on sector that sells the interteedand.

It is reasonable to think that a greater valuededdd the NUTS 1 region means a
greater use of primary factors and intermediatautsipHowever, this hypothesis
neglects the fact that two equal NUTS 1 regionserms of value added can use
primary factors and intermediate inputs througlfed#nt intensities, i.e. they can
have different technologies. Data constraints foneeto make this choice.

Thus, skilled and unskilled labour are the only ti@otors which preserve their
original heterogeneity at the NUTS 1 level. In s@t2.8 it will be shown that they
are decisive for explaining trade policy effects.

All the variables and parameters are calibratecpooduce the SAM in the base
year (2001). Most of the parameters can be dirggtgrmined through the available
data. However, for some such as the CES elas$icities operation is not feasible
and, therefore, | explicitly refer to the latestrsien of MIRAGE model (Decreux
and Valin, 2007), which, in turn, draws elastigti’om empirical literature or

plausible assumptions.

% See also Appendix 1 and 2 at the end of the tHesislarification about notation and variable
definitions.
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Final consumption, capital goods and intermediaguis all have the same
elasticity of substitution across sectors. Its gaki0.6 for all three variables.

The elasticity of substitution across unskilleddah land, natural resources and

fictive factor (o;,)is equal to 1.1 for all four sectors. The fictivactor is a

combination between capital and skilled labour.n&¢ed above, the fictive factor
allows for skill labour/capital complementarity. fFthis reason the elasticity of

substitution between skilled labour and cap(ta,LAP) is less than 1.1 and it is equal

to 0.6%

The elasticities of substitution between domestd #&oreign aggregate good

(aARMi), i.e. Armington elasticities, are drawn from th& AP 6 database. The

Armington elasticity and the elasticity of subdiibtm across foreign goodéU,MPi)

are linked by the following relation:

T, ~1=N2(0py — 1) (2.9)

In the model the Armington elasticity is set exagesly and only depends on the
sector; for agriculture it is equal to about 3@, primary energy sources 10.9, for
manufactures 4.6 and for services 2.9. The elastifi substitution across foreign
goods is then calibrated residually using Eqg. (2.9)

Another important parameter is the elasticity ofjration in the CET function,
which determines skilled and unskilled labour siggplin each NUTS 1 region.
Putting this parameter equal to zero means peirfetiobility at the NUTS 1 level.
As the value increases, labour mobility within Eig15 increases.

In MIRAGE-DREAM the elasticity value of migratiors ichosen mainly on the
basis of Eichengreen work (1993). Using a paneh @aalysis, Eichengreen finds

that the elasticity of inter-regional migration witespect to unemployment and wage

* According to many studies (see Cahuc and Zylbgrifer a survey, 1996) the elasticity of
substitution between skilled labour or capital andkilled labour is close to unity. However, Decreu
et al (2003) show that the true value of the parameiso depends on the level of sectoral
aggregation.
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differentials is smaller in the United Kingdom ahdly than that observed in the
United States. This suggests that migration is tesponsive to demand shocks in
these European countries than in the United States.

A Policy makeris likely to be interested in labour reallocataeross the NUTS 1
regions after a trade policy reform. Therefore, ¢hesticity of migration is a very
interesting parameter. For this reason and unkikéMtRAGE-DREAM model, a
sensitivity analysis has been conducted to testellewance of this parameter for the
determination of trade policy results. As a restlie parameter can assume two
different values (zero and ten) according to theusated scenatrio.

The numeraire is the utility price of the represéimé household in the ROW

macro-area.

2.6 Trade policy simulation

CGE models are widely used to simulate scenaridsadk policy liberalization,
for example in the Uruguay and Doha rounds. Theéerdais the current trade
negotiations of the WTO. Its objective is to lovwexde barriers around the world to
help the development of the international trades Dioha round started in 2001 and
it still has not been accomplished.

Doha negotiations can be very complex. Indeedatreement must be accepted
by all 153 WTO members (unanimity principle) andftecuts are harmonised in
order to reduce trade distortions among countries.addition, the WTO fully
recognizes the heterogeneity among its memberggeftte no commitment is
required from the least developed countries ansl ¢@snmitment is expected from
the middle income countries. This means smaller cats for tariffs and subsidies
and longer implementation periods.

My model does not try to exactly simulate scenaob#rade policy liberalization

in the current Doha round. The main objective ishied light on possible outcomes

® For example, the so-called Swiss formula tendsutohigher tariff rates more than lower ones,
since the latter are supposed to be less traderilis).
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of global trade liberalization at the NUTS 1 lewld to interpret the results. As
noted above, the focus in on the production side.

| start from MIRAGE to model trade barriers. Thetpre of trade barriers is rich
in the latest version of MIRAGE (Decreux and Vak0Q7).

The market access measure stems from the MAcMapbas®. Domestic
supports on land and output are also introducexy, #ine assumed to be proportional
to the volume of output or factor. Production qsotae considered; they generate
rents.

MIRAGE also introduces a price intervention meckanto give more realism to
the European agricultural trade policy and to madeportation subsidies
endogenous. Basically three options are possibleeMnternal prices are higher
than the intervention price (first option), no erpsupport is given. When internal
prices are lower than the intervention price (sdcaption), producers receive
subsidies to sustain production prices at thevetaron level. Finally, an equation in
the model forces the subsidies for exports to sipw the WTO ceiling (third
option). For countries other than those in the eam Union the export subsidy rate
is set exogenously.

In my model the rich picture of trade barriers i pside and attention is focused
on the market access measure. This was done foreasmns: first, to preserve the
simplicity of the model in order to be able to betinterpret its outcomes at the
NUTS 1 level, second, to make the most of the MApMatabase.

MAcMap (Bouetet al, 2004) is the most comprehensive tariff dataloaseently
available. It was expressly created for CGE tradeets. As stated above, MAcMap
provides a good measure of market access. Thisumeasa consisteratd valorem
equivalent of specific tariffsad valoremtariffs and tariff quotas. Moreover, this
dataset allows for preferential agreements, presgithe information at the bilateral
level. Before the creation of the MAcMap databassessment of multilateral trade
policy liberalization was carried out without tagiinto account specific tariff nor

preferential agreements.

® Market access for goods in the WTO consists afftand non-tariff measures. Non-tariff
measures concern specific WTO agreements, suchea8dgreement on Sanitary and Phytosanitary
Trade Regulations. In this thesis it is supposed iarket access only concerns tariffs.

62



A good point for CGE modellers and researchersiesspecial procedure, which
is designed to limit the extension of the bias o6og when tariffs are aggregated
according to the nomenclature chosen for the CGdlysis. In fact, in CGE trade
models every sector aggregates a number of pradéicise product is protected by
a prohibitive tariff, it will probably be aggregatewith products, with lower
protection and significant initial imports. The sage tariff computed for the sector
would lead to overstate the impact of a tariff cédternatively, the method
consisting in using an import-weighted averageesaffrom a serious problem of
endogeneity because the higher the tariff the latwerimport flow. Using instead
world imports as a weighting scheme, as proposeddamer (1974), avoids the
endogeneity but fails to account for the specifioit each economy.

The solution adopted in MAcMap is a compromise leefwthe need to avoid the
endogeneity and the need to consider the spegifafiteach economy. Basically,
imports from a reference group of similar countrage used as weights for the
tariffs. Five groups of similar countries are idéetl according to a PPP GDP and a
trade openness criteria. Total import by a group thabe normalized to account for
the size of each economy.

The 2004 version of MAcMap is incorporated in th€AR 6 database; the base
year is 2001. The most recent version of MAcMage (Beumellassa, Laborde and
Mitaritonna, 2009) is used in GTAP 7; the base yg&004. In my model GTAP 6 is
used, thus the older version of the MAcMap datab&kmvever, global market
access has not changed substantially from 200004 nainly because the Doha
round is still ongoing. Overall average tariff gotion has decreased by 0.5 % from
5.6 % in 2004 to 5.1% in 2001. This reduction isn@rily due to the middle income
countries, which had to achieve their Uruguay rooachmitments within 2004 and
to unilateral liberalizations.

According to the MAcMap database and at$ valoremequivalent measure, the
market access is the following in 2001. Agricultisehe most protected sector. The

world average is 19.1%. Average agricultural prboec ranges from 2.7% in

" China and India, for example, unilaterally cutftarfor their industrial products to complete thei
WTO accession.
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Australia to 59.6% in India. Manufacturing produotgtside textile and apparel are
the least protected sector on average (4.2%). Henyeariffs are low in developed
countries but remain high in developing countryriff&in the textile and apparel
sectors are also high in both developed and dewgjogountries. Service market
access is a problematic concept, since expliciffgado not exist. Sometimes
equivalent tariffs for services are estimated ugjrayity equations. In my approach |
only consider explicit tariffs.

Table 2.4 shows thad valoremtariff rate for the geographical and sectoral
nomenclature chosen in my model. Basically, theupater enters in the demand
side by the following equation:

I:)DE'\/Ii,mac, mac = PY| mac[ql+ ATR mac mé(r) (210)

wherePDEM is the price for the goodproduced in the macro-arezacand paid
by the macro-aremac* PY is the price (marginal cost) for the googdroduced in
macro-areamac and the paramet&TR s thead valoremtariff rate applied by the
macro-areanac* and paid by the macro-are@acfor the good. Table 2.4 confirms
the previous facts about trade barrferiSince the agricultural sector is the most
protected one, | decide to implement a multilatéaaff liberalization in agriculture.
Therefore, all thead valoremtariff rates are set to zero in the agricultuedter for
all the macro-areas (values in bold in Table 2.4).

As noted at the beginning of this section, thedrpdlicy simulation does not try
to reproduce the current Doha round. Especially tfteg market access in the
agricultural sector the definition of the tariffiection involves very technical issues,
such as the formula adopted for the cuts, the tiefinof the “sensitive products”,
which are partly excluded from the general tagffluction, and the commitments for

the developing countries (Anania and Bureau, 2005).

8 Not surprisingly, tariff barriers appear betweed15 and the rest of Europe, as 12 countries
were not European members in 2001.
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Consequently, the trade policy simulation in thisdal has to be interpreted as an
illustrative exercise on the possible effects atRJUTS 1 level of a multilateral tariff
liberalization in agriculture.

The role of export subsidies and domestic suppamtsagricultural trade
liberalization is not assessed. However, it cand®ful to recall a study of Hertel and
Keeney (2005). The authors use the GTAP modelntalsite a full liberalization of
the agricultural sector by high-income countriesccérding to this work, full
liberalization of agricultural sector determines arerall $47.6 billion gain. More
than 90% of the benefits come from improved masdcdeess, i.e. the removal of the
ad valoremequivalent tariffs, while the impact of supportedaexport subsidies is
limited.?

Even if this model is used to assess tariff lideedion in agriculture, it can be

applied to other sectors according to the spewctatest of the researcher.

Table 2.4:Ad valoremtariff rates

ROW EU15 REU

AGM ROW 14.73% 5.27% 5.65%

AGM EU15 10.70% 10.37%
AGM REU 12.69% 4.95% 6.11%

PRM ROW 1.64% 0.20%
PRM EU15 0.01% 0.00%
PRM REU 0.30% 0.88%
IND ROW 5.10% 2.83% 6.85%
IND EU15 6.10% 3.38%
IND REU 6.97% 0.76% 3.97%

Notes the second column shows macro-area paying téréffirst row macro-area applying tariff.
Source GTAP 6 database.

° Hertel and Keeney use MACMAP database for tadifriers and OECD estimates for producer
support in agriculture. The authors use data adeehtty Aziz Elbehri of the U.S. Department of
Agriculture’s Economic Research Service for expbsidies. All the datasets are incorporated in
GTAP 6 having 2001 as the reference year.
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2.7 Simulation results

In this section the results of trade policy simiolat (world agriculture
liberalization) are presented. GAMS software and @ONOPT 3 algorithm are
used; there are 5197 equations and 5197 variables.

In subsection 2.7.1 the production reallocationvalume across sectors in the
NUTS 1 regions is shown. In subsection 2.7.2 theaich of unskilled/skilled labour
mobility on the results of previous subsectionssessed. Finally, in subsection 2.7.3
further interesting results such as unskilled/sHillabour migration within Europe
and the change in total value added at the NUT&dl lare illustrated; the changes
in the trade patterns and welfare are also disglay¢he macro-area level.

2.7.1 Production reallocation across sectors in thBIUTS 1 regions after a

world trade liberalization in the agricultural sector

In this section the results are shown regarding graduction reallocation in
volume across the four sectors in each of the 688U region within the EU15
after a world trade liberalization in agricultussctor. In order to have an overview
of the sectoral weight in the EU15 the value ofhesector in 2001 (the base year in
GTAP 6) is reported irFigure 2.3 Not surprisingly, services (SERV) is the most
important sector (more than 2001 $8000 billion)lofwed by manufactures (IND)
and the agricultural sector (AGM). The weight ofnpairy energy sources is very
small.

The results of this subsection are obtained undes assumption of
unskilled/skilled labour immobility at the NUTS é&wel, i.e. workers have to stay in
the NUTS 1 region to which they belong. This hygsik is formalized by assuming
that the elasticity of migration in the CET functs (see Appendix 4) is equal to
zero, and denoting with the andoy, respectively, the elasticity of migration for the

unskilled factor and skilled factor.
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Figure 2.3: Production by sector in the EU15 macro-area
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Source GTAP 6 database.
Notes Tens of $ billion in 2001 .

Before showing results at the NUTS 1 level, simadagffects of liberalization at
the macro-area level are reported in Table 2.5théh EU15 the AGM sector is
affected the most, the production decreases innwelby about 1%. Variations are
small in the other sectors and macro-areas. ThHug interesting to assess if

reallocation effects are more important at the NUT8vel.

Table 2.5: % Production change in volume at theroracea level

ROW EU15 REU
AGM 0.32% -0.93% -0.58%
PRM -0.10% 0.07% 0.01%
IND 0.01% 0.00% 0.05%
SERV -0.02% 0.05% 0.04%

Notes Unskilled/skilled labour immobility at the NUTSlével within the EU154, = o = 0).
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Table 2.6 reports these effects for each one of6BeNUTS regions. At first
glance, it appears that positive and negative niad@es are higher than the ones
observed at the macro-area level. In addition,di@nges are negative for all the
NUTS 1 regions in the agricultural sector and bo#gative and positive in

manufactures and services.

Table 2.6: % Production change in volume at the RUTevel

AGM  PRM IND SERV

North Netherlands (Netherlands) -0.81% 0.05% 0.6090.18%
East Netherlands (Netherlands) -0.86% 0.05% 0.36%.11%
West Netherlands (Netherlands) -0.77% 0.05% 0.569%.11%
South Netherlands (Netherlands) -0.91% 0.06% 0.619.26%
Sweden -0.86% 0.07% 0.15% -0.06%
Denmark -0.83% 0.05% 0.10% -0.02%
Mainland Finland (Finland) -0.86% 0.08% 0.08% -0403
Aland (Finland) -0.84% 0.05% -0.36% 0.07%
Ireland -2.15% 0.06% 7.02% -2.31%
North East England (United Kingdom) -0.76% 0.07% .23% 0.06%
North West England (United Kingdom) -0.72% 0.10% .51086 0.14%
Yorkshire and the Humber (United Kingdo)71% 0.08% -0.35% 0.10%
East Midlands (United Kingdom) -0.74% 0.07% -0.24%.09%
West Midlands (United Kingdom) -0.76% 0.07% -0.29%.10%
East of England (United Kingdom) -0.74% 0.13% -06650.13%
Greater London (United Kingdom) -0.76% 0.06% -0.73%06%
South East England (United Kingdom) -1.00% 0.11% .28% 0.05%
South West England (United Kingdom) -0.80% 0.07% .29% 0.07%
Wales (United Kingdom) -0.94% 0.07% -0.04% 0.02%
Scotland (United Kingdom) -0.82% 0.08% -0.24% 0.05%
Northern Ireland (United Kingdom) -1.10% 0.08% (089 -0.18%

Notes Unskilled/skilled labour immobility at the NUTSlével within the EU15d, = oy = 0).
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contTable 2.6: % Production change in volume at th&8U level

AGM PRM IND SERV
East Austria (Austria) -1.74% 0.06% 2.40% -0.59%
South Austria (Austria) -247% 0.06% 2.99% -1.15%
West Austria (Austria) -1.95% 0.06% 1.55% -0.63%
Baden-Wirttemberg (Germany) -0.83% 0.09% -0.30% 3%.2
Bavaria (Germany) -0.90% 0.10% -0.14% 0.09%
Berlin (Germany) -0.76% 0.08% -0.60% 0.11%
Brandenburg (Germany) -0.92% 0.11% -0.48% 0.14%
Bremen (Germany) -0.73% 0.00% -0.37% 0.14%
Hamburg (Germany) -0.76% 0.08% -0.50% 0.11%
Hessen (Germany) -0.78% 0.10% -0.47% 0.20%
Mecklenburg-Vorpommern (Germany) -1.19% 0.09%  2.10%0.50%
Lower Saxony (Germany) -0.79% 0.10% -0.29% 0.13%
North Rhine-Westphalia (Germany) -0.78% 0.10% -©%350.16%
Rhineland-Palatinate (Germany) -0.83% 0.10% -0.219611%
Saarland (Germany) -0.76% 0.10% -0.37% 0.19%
Saxony (Germany) -0.87% 0.11% -0.33% 0.14%
Saxony-Anhalt (Germany) -0.79% 0.11% -0.46% 0.15%
Schleswig-Holstein (Germany) -0.81% 0.09% -0.45%15%
Thuringia (Germany) -0.83% 0.11% -0.38% 0.19%
Luxembourg -1.10% 0.05% 1.06% -0.27%
Brussels-Capital Region (Belgium) -1.06% 0.06% %94 -0.27%
Flemish Region (Belgium) -0.94% 0.06% 0.29% -0.11%
Walloon Region (Belgium) -0.96% 0.07% 0.32% -0.08%

Notes Unskilled/skilled labour immobility at the NUTSlével within the EU15d, = o = 0).

69



contTable 2.6: % Production change in volume at th&8U level
AGM PRM IND SERV

Portugal -1.47% 0.10% -0.69% 0.47%
North West (Spain) -0.89% 0.09% -0.46% 0.21%
North East (Spain) -0.78% 0.07% -0.59% 0.39%
Community of Madrid (Spain) -0.79% 0.09% -1.15% 7Nk
Centre (Spain) -0.85% 0.09% -0.10% 0.11%
East (Spain) -0.77% 0.08% -0.84% 0.43%
South (Spain) -0.85% 0.08% -0.45% 0.15%
Voreia Ellada (Greece) -1.10% 0.08% 0.17% 0.10%
Kentriki Ellada (Greece) -0.93% 0.07% -0.35% 0.30%
Attica (Greece) -1.44% 0.07% -1.38% 0.47%
Nisia Aigaiou-Kriti (Greece) -0.55% 0.07% -7.62% 62%
North West (Italy) -0.78% 0.05% -0.29% 0.20%
North East (Italy) -0.81% 0.07% -0.30% 0.23%
Centre (Italy) -0.88% 0.07% -0.25% 0.10%
South (Italy) -1.08% 0.07% 0.04% 0.04%
Islands (ltaly) -0.97% 0.08% 0.02% 0.03%
lle-de-France (France) -0.92% 0.07% 0.01% -0.02%
Parisian basin (France) -0.73% 0.09% -0.20% 0.10%
Nord-Pas-de-Calais (France) -0.82% 0.17%  -0.13% 59.0
East (France) -0.78% 0.07% -0.17% 0.09%
West (France) -0.81% 0.06% 0.01% 0.03%
South West (France) -0.84% 0.06% -0.10% 0.05%
Centre East (France) -0.91% 0.09% -0.23% 0.11%
Mediterranean (France) -0.78% 0.07% -0.60% 0.11%

Notes Unskilled/skilled labour immobility at the NUTSlével within the EU154, = oy = 0).
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In Tables 2.7, 2.8 and 2.9 attention is focusedhenten greatest (positive and
negative) changes in the AGM, IND and SERV sectBRM is neglected because
the variations are generally small and the ovevaight is not relevant in the EU15
economy.

Summarizing, South Austria and Ireland displayth&t same time, the greatest
decrease in agriculture, 2.47% and 2.15%, respagtithe highest increase in
manufactures, 2.99% and 7.02%, respectively andjtbatest decrease in services,
1.15% and 2.31%, respectively. In contrast, Nisigafu-Kriti (Greece) and Attica
(Greece) have the greatest decrease in the INDrsét62% and 1.38%) but the
greatest increase in the SERV sector (1.62% ar¥®).4

Using the MIRAGE-DREAM model and simulating a fulhgricultural
liberalization (domestic support and export sulesidncluded), Jean and Laborde
(2004) find that Ireland, Portugal, the NUTS 1 cew of Greece except Athens area,
Central and Southern Spain and Southern Italyrexpee the greatest decreases of
agricultural value added in volume.

Consistent with the previous results, in this matthel ten strongest production
decreases in the AGM sector include Voreia Ellg@eeéce), Portugal and Ireland
but also Austrian NUTS 1 regions are affected leyshock.

However, in the Jean and Laborde approach (200Kilied and skilled labour is
imperfectly mobile within each European countrytié EU25 and no alternative
scenario is given. For this reason in the next ectisn the role carried out by the
labour mobility is looked at in-depth.
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Table 2.7: The ten greatest % production decraasesume at the NUTS 1 level

AGM
South Austria (Austria) -2.47%
Ireland -2.15%
West Austria (Austria) -1.95%
East Austria (Austria) -1.74%
Portugal -1.47%
Attica (Greece) -1.44%
Mecklenburg-Vorpommern (Germany) -1.19%
Northern Ireland -1.10%
Luxembourg -1.10%
Voreia Ellada (Greece) -1.10%

Notes Unskilled/skilled labour immobility at the NUTSlével within the EU154, = o = 0).

Table 2.8: The ten greatest % production increasedecreases in volume at the
NUTS 1 level

IND
Nisia Aigaiou-Kriti (Greece) -7.62%
Attica (Greece) -1.38%
Community of Madrid (Spain) -1.15%
Luxembourg 1.06%
West Austria (Austria) 1.55%
Brussels-Capital Region (Belgium) 1.94%
Mecklenburg-Vorpommern (Germany) 2.10%
East Austria (Austria) 2.40%
South Austria (Austria) 2.99%
Ireland 7.02%

Notes Unskilled/skilled labour immobility at the NUTSlével within the EU154, = o = 0).
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Table 2.9: The ten greatest % production increasedecreases in volume at the
NUTS 1 level

SERV
Ireland -2.31%
South Austria (Austria) -1.15%
West Austria (Austria) -0.63%
East Austria (Austria) -0.59%
Mecklenburg-Vorpommern (Germany) -0.50%
North East (Spain) 0.39%
East (Spain) 0.43%
Portugal 0.47%
Attica (Greece) 0.47%
Nisia Aigaiou-Kriti (Greece) 1.62%

Notes Unskilled/skilled labour immobility at the NUTSlé&vel within the EU154 = oy = 0).
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2.7.2 Sensitivity analysis on production reallocabin with the introduction of

unskilled/skilled labour mobility

In this scenatrio it is supposed that skilled andkiled workers can respond to
trade policy shock by moving from the NUTS 1 regiomwhich they belong. There
are two possible options. In the first one EU15keos can move only towards other
NUTS 1 region within the EU15. In the second opti@15 workers and REU
workers can move within the EU27. As explained e tsection 2.4.3, the
unskilled/skilled labour mobility is modelled thiglua CET function in which, and
oy represent the elasticity of migration for unsklliéactor and skilled factor,
respectively. In the first option these parametefsr to the EU15 labour market
while in the second option they refer to the EU&¥olur market.

Jean and Laborde (2004) use elasticity of migratiased on Eichengreen work
(1993). As stated above, Eichengreen draws theevalthis parameter from data of
the United Kingdom and Italy and no distinctionnede between unskilled and
skilled labour. To the best of my knowledge no fpeeconometric estimates exist
to calibrate unskilled/skilled elasticity of migiat for the EU15 and the EU27 in
CGE models. Therefore, a sensitivity analysis wasied out to evaluate the impact
of the labour mobility hypothesis on trade poli@sults. As a result, the elasticity
values of migration of and oy) are set to 10. Thus, the scenario of previous
subsection, characterised by unskilled/skilled tabmmobility at the NUTS 1 level,
can be compared with the present one, charactebgeugh mobility within the
EU15 or the EU27.

Table 2.10 reports results for production changeolnme at the macro-area level
under the assumption of unskilled/skilled labourbihty across the NUTS 1 regions
within the EU15. The results in Table 2.10 compdrethose in Table 2.5 confirm
that the AGM is the most affected sector in the Eldiacro-area even if the percent
change (-0.76%) is less in magnitude than in thee a# labour immobility. The
economic responses in services and manufacturesmehout the same except for

the EU15 manufactures, which are characterisechbiyaease of 0.13%.
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Table 2.10: % Production change in volume at theroiarea level

ROW EU15 REU
AGM 0.32% -0.76% -0.57%
PRM -0.07% 0.16% 0.05%
IND 0.01% 0.13% 0.05%
SERV -0.02% 0.08% 0.04%

Notes Unskilled/skilled labour mobility across the NUTSegions within the EU1%( = oy = 10).

Table 2.11, Table 2.12 and Table 2.13 display rdsilts of the ten greatest
(positive and negative) changes in the AGM, IND &RV sectors at the NUTS 1
level.

According to Table 2.11, the Austrian agricultusactor is the most stricken
because all three of its NUTS 1 regions (South AaistVest Austria and East
Austria) are in the first three position of the kismmgy, however the changes are not
great (between 1% and 2%).

In contrast, Table 2.12 and Table 2.13 show a \&rgng reallocation of
production in manufactures and services with invgpatterns for some NUTS 1
regions. Indeed, two Greek NUTS 1 regions, Nisigafou-Kriti and Kentriki
Ellada, have the highest positive values for prtidacchange in services, 18.64%
and 7.53%, respectively, and the greatest negatilges for production change in
manufactures, -90.00% and -21.04%, respectivelynv€sely, Luxembourg and
Ireland have the highest positive values for préidacchange in manufactures,
23.33% and 31.40%, respectively, and the greategative values for production
change in services, -6.06%and -11.09%, respectilidlgse results do not intend to
be realistic because the labour mobility is likedybe too high, but they are a guide
to the relevance of the assumption about labourilityob
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Table 2.11: The ten greatest % production decraasadume at the NUTS 1 level

AGM
South Austria (Austria) -1.72%
West Austria (Austria) -1.43%
East Austria (Austria) -1.28%
Ireland -1.28%
Portugal -1.27%
Attica (Greece) -1.22%
Voreia Ellada (Greece) -0.95%
Luxembourg -0.94%
South (ltaly) -0.91%
Islands (Italy) -0.82%

Notes Unskilled/skilled labour mobility across the NUTSegions within the EU15%( = oy = 10).

Table 2.12: The ten greatest % production increasetecreases in volume at the
NUTS 1 level

IND

Nisia Aigaiou-Kriti (Greece) -90.00%
Kentriki Ellada (Greece) -21.04%
Attica (Greece) -10.24%
Portugal -9.51%
lle-de-France (France) 10.93%
East Austria (Austria) 11.19%
West Netherlands (Netherlands) 11.23%
Brussels Capital Region (Belgium) 17.87%
Luxembourg 23.33%
Ireland 31.40%

Notes Unskilled/skilled labour mobility across the NUTSegions within the EU15%( = oy = 10).
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Table 2.13: The ten greatest % production increasedecreases in volume at the
NUTS 1 level

SERV
Ireland -11.09%
Luxembourg -6.06%
East Austria (Austria) -3.19%
North East (Spain) 2.99%
East (Spain) 3.25%
Voreia Ellada (Greece) 3.41%
Attica (Greece) 3.56%
Portugal 5.61%
Kentriki Ellada (Greece) 7.53%
Nisia Aigaiou-Kriti (Greece) 18.64%

Notes Unskilled/skilled labour mobility across the NUTSegions within the EU15%( = oy = 10).

Table 2.14 reports the results for production clamgvolume at the macro-area
level under the assumption of unskilled/skilleddabmobility between the NUTS 1
regions (EU15) and the Rest of Europe (REU) withmmEU27 §_= oy = 10). Table
2.14 confirms the results of Table 2.10 with theeption of the REU macro-area,
which takes advantage of the integrated labour etavihin the EU27. Indeed, with
respect to Table 2.10 the Rest of Europe showssaléAGM decrease (-0.46%) and
a greater IND and SERYV increase (0.17% and 0.14%).
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Table 2.14: % Production change in volume at theroxarea level

ROW EU15 REU
AGM 0.32% -0.76% -0.46%
PRM -0.06% 0.16% 0.15%
IND 0.01% 0.13% 0.17%
SERV -0.02% 0.08% 0.14%

Notes Unskilled/skilled labour mobility between the NSTL regions (EU15) and the Rest of Europe
(REU) within the EU274_ = o4 = 10).

Table 2.15, Table 2.16 and Table 2.17 displayékalts of the ten greatest (positive
and negative) changes in the AGM, IND and SERV @sctor the 68 NUTS 1
regions. The results of these three tables doigaotfisantly change with respect to
Tables 2.11, 2.12 and 2.13.

Table 2.15: The ten greatest % production decreasadume at the NUTS 1 level

AGM
South Austria (Austria) -1.74%
West Austria (Austria) -1.44%
Ireland -1.30%
East Austria (Austria) -1.29%
Portugal -1.27%
Attica (Greece) -1.22%
Voreia Ellada (Greece) -0.94%
Luxembourg -0.94%
South (ltaly) -0.91%
Islands (Italy) -0.81%

Notes Unskilled/skilled labour mobility between the NSTL regions (EU15) and the Rest of Europe
(REU) within the EU274_ = oy = 10).
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Table 2.16: The ten greatest % production increasedecreases in volume at the
NUTS 1 level

IND

Nisia Aigaiou-Kriti (Greece) -95.00%
Kentriki Ellada (Greece) -21.28%
Attica (Greece) -10.46%
Portugal -9.65%
lle-de-France (France) 10.79%
West Netherlands (Netherlands) 11.24%
East Austria (Austria) 11.67%
Brussels Capital Region (Belgium) 18.23%
Luxembourg 23.34%
Ireland 32.84%

Notes Unskilled/skilled labour mobility between the NSTL regions (EU15) and the Rest of Europe
(REU) within the EU274_ = o4 = 10).

Table 2.17: The ten greatest % production increasedecreases in volume at the
NUTS 1 level

SERV

Ireland -11.60%
Luxembourg -6.08%
East Austria (Austria) -3.34%
South Netherlands (Netherlands) -3.05%
East (Spain) 3.29%
Voreia Ellada (Greece) 3.48%
Attica (Greece) 3.61%
Portugal 5.65%
Kentriki Ellada (Greece) 7.60%
Nisia Aigaiou-Kriti (Greece) 19.64%

Notes Unskilled/skilled labour mobility between the NSTL regions (EU15) and the Rest of Europe
(REU) within the EU274_ = o4 = 10).
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2.7.3 Further interesting results

In this subsection further interesting results oddé policy simulation are
presented. Thpolicy makeris likely to be interested in labour reallocatexross the
NUTS 1 region after the agricultural liberalizatidfor this reason in Tables 2.18 and
2.19 migration results are reported for unskilledd askilled labour levels,
respectively, under the assumption of unskilledl&stkilabour mobility across the
NUTS 1 regions within the EU15.

Table 2.18: Unskilled labour migration within th&/E5

Change i supply

Ireland 1.29%
Luxembourg 0.67%
Brussels Capital Region (Belgium) 0.55%
Tle-de-France (France) 0.41%
South Netherlands (Netherlands) 0.36%
West Netherlands (Netherlands) 0.35%
East Austria (Austria) 0.31%
North Netherlands (Netherlands) 0.28%
East Netherlands (Netherlands) 0.24%
Brandenburg (Germany) -0.27%
Community of Madrid (Spain) -0.28%
Voreia Ellada (Greece) -0.32%
South (Spain) -0.32%
Centre (Spain) -0.33%
North West (Spain) -0.33%
Attica (Greece) -0.37%
North East (Spain) -0.37%
East (Spain) -0.39%
Kentriki Ellada (Greece) -0.55%
Nisia Aigaiou-Kriti (Greece) -0.96%

Notes The 20 greatest % increases or decreases inladdaibour supplyd, = 10).
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Table 2.19: Skilled labour migration within the EJ1

Change irH supply

Portugal 2.00%
Nisia Aigaiou-Kriti (Greece) 1.90%
Kentriki Ellada (Greece) 1.11%
Attica (Greece) 0.77%
Voreia Ellada (Greece) 0.67%
East (Spain) 0.49%
Centre (Spain) 0.44%
North West (Spain) 0.44%
South (Spain) 0.41%
North East (Spain) 0.40%
Brandenburg (Germany) 0.39%
East Netherlands (Netherlands) -0.41%
North Netherlands (Netherlands) -0.44%
East Austria (Austria) -0.51%
South Netherlands (Netherlands) -0.57%
West Netherlands (Netherlands) -0.59%
Brussels Capital Region (Belgium) -0.67%
Tle-de-France (France) -0.74%
Ireland -1.55%
Luxembourg -1.73%

Notes The 20 greatest % increases or decreases iadkilbour supplysg = 10).

It is interesting to note that the NUTS 1 regiomsplhying the highest sectoral
production reallocation also show the highest kevef unskilled/skilled labour
reallocation. The labour reallocation follows arvearse pattern in these NUTS 1
regions according to their sectoral specialisatidior example, Ireland and
Luxembourg absorb unskilled labour because these@ase production in the IND
sector and decrease production in the SERV sedter the trade shock while

Kentriki Ellada and Nisia Aigaiou-Kriti absorb dletl labour because they decrease
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production in the IND sector and increase produciiothe SERV sector. Basically,
the results do not change with the integrated laboarket within the EU27 for the

NUTS 1 regions, as it is shown in Tables 2.20 ar&d.2However, it can be noted

that the REU experiences an unskilled/skilled laboumigration.

Table 2.20: Unskilled labour migration within th&JE7

Change i supply

REU (Rest of Europe)

Ireland

Luxembourg

Brussels Capital Region (Belgium)
fle-de-France (France)

South Netherlands (Netherlands)
West Netherlands (Netherlands)
East Austria (Austria)

North Netherlands (Netherlands)
Mecklenburg-Vorpommern (Germany)
Brandenburg (Germany)
Community of Madrid (Spain)
South (Spain)

Centre (Spain)

Voreia Ellada (Greece)

North West (Spain)

North East (Spain)

Attica (Greece)

East (Spain)

Kentriki Ellada (Greece)

Nisia Aigaiou-Kriti (Greece)

0.24%
1.34%
0.66%
0.56%
0.40%
0.35%
0.34%
0.31%
0.27%
0.24%
-0.28%
-0.30%
-0.34%
-0.34%
-0.34%
-0.35%
-0.39%
-0.39%
-0.41%
-0.57%
-1.03%

Notes The 20 greatest % increases or decreases inlledsldbour supplyd, = 10). REU change in

unskilled labour supply is also included.

82



Table 2.21: Skilled labour migration within the EU2

Change irH supply

REU (Rest of Europe) 0.16%
Portugal 2.00%
Nisia Aigaiou-Kriti (Greece) 1.98%
Kentriki Ellada (Greece) 1.11%
Attica (Greece) 0.77%
Voreia Ellada (Greece) 0.67%
East (Spain) 0.49%
Centre (Spain) 0.44%
North West (Spain) 0.44%
South (Spain) 0.41%
North East (Spain) 0.41%
Brandenburg (Germany) 0.37%
East Netherlands (Netherlands) -0.42%
North Netherlands (Netherlands) -0.45%
East Austria (Austria) -0.55%
South Netherlands (Netherlands) -0.58%
West Netherlands (Netherlands) -0.60%
Brussels Capital Region (Belgium) -0.68%
fle-de-France (France) -0.74%
Ireland -1.62%
Luxembourg -1.74%

Notes The 20 greatest % increases or decreases iedh#bour supplyst; = 10). REU change in
skilled labour supply is also included.

Welfare analysis cannot be carried out at the maoea level. Therefore, a
Laspeyres index is used to evaluate the percemgehim the overall value added at
the NUTS 1 level. Table 2.22, 2.23 and 2.24 displ@ajue added changes

corresponding to the three different scenarios aladsour mobility.

83



Table 2.22: The 20 greatest % value added increasdscreases within the EU15

Change
Ireland 0.45%
Nisia Aigaiou-Kriti (Greece) 0.28%
Attica (Greece) 0.06%
Mecklenburg-Vorpommern (Germany) 0.06%
Portugal 0.04%
Kentriki Ellada (Greece) 0.04%
East (Spain) 0.03%
North East (Spain) 0.02%
Community of Madrid (Spain) 0.02%
North East (Italy) 0.02%
Brussels Capital Region (Belgium) -0.02%
lle-de-France (France) -0.02%
North Netherlands (Netherlands) -0.02%
East Netherlands (Netherlands) -0.03%
South Austria (Austria) -0.03%
West Netherlands (Netherlands) -0.03%
South Netherlands (Netherlands) -0.03%
West Austria (Austria) -0.04%
East Austria (Austria) -0.05%
Luxembourg -0.07%

Notes Unskilled/skilled labour immobility at the NUTSlével within the EU154, = o = 0).
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Table 2.23: The 20 greatest % value added increasdscreases within the EU15

Change
Nisia Aigaiou-Kriti (Greece) 3.47%
Ireland 1.75%
Kentriki Ellada (Greece) 1.18%
Portugal 0.90%
Attica (Greece) 0.62%
Voreia Ellada (Greece) 0.51%
East (Spain) 0.34%
North East (Spain) 0.27%
North East (Spain) 0.18%
Flemish Region (Belgium) -0.19%
North Netherlands (Netherlands) -0.20%
Greater London (United Kingdom) -0.20%
Denmark -0.21%
East Netherlands (Netherlands) -0.28%
Brussels Capital Region (Belgium) -0.31%
East Austria (Austria) -0.32%
South Netherlands (Netherlands) -0.35%
West Netherlands (Netherlands) -0.47%
fle-de-France (France) -0.79%
Luxembourg -1.48%

Notes Unskilled/skilled labour mobility across the NUTSegion within the EU15{ = oy = 10).
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Table 2.24: The 20 greatest % value added increasdscreases within the EU27

Change
Nisia Aigaiou-Kriti (Greece) 3.64%
Ireland 1.83%
Kentriki Ellada (Greece) 1.18%
Portugal 0.88%
Attica (Greece) 0.62%
Voreia Ellada (Greece) 0.51%
East (Spain) 0.34%
North East (Spain) 0.27%
North East (Spain) 0.18%
Flemish Region (Belgium) -0.20%
Greater London (United Kingdom) -0.21%
North Netherlands (Netherlands) -0.21%
Denmark -0.22%
East Netherlands (Netherlands) -0.28%
Brussels Capital Region (Belgium) -0.31%
East Austria (Austria) -0.35%
South Netherlands (Netherlands) -0.36%
West Netherlands (Netherlands) -0.48%
fle-de-France (France) -0.79%
Luxembourg -1.50%

Notes Unskilled/skilled labour mobility between the NSTL regions (EU15) and the Rest of Europe
(REU) within the EU274 = oy = 10).
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The changes are small in the first scenario (lalimanobility) but not negligible
in the second and third ones (labour mobility witkhe EU15 and the EU27). The
NUTS 1 regions, characterised by a stronger praooluceallocation, are the ones
which experience the most important gains from dradlicy reform in terms of
increase of value added (Nisia Aigaiou-Kriti, KekitiEllada, Ireland, Portugal) and
the most important losses from trade policy refonmerms of decrease of value
added (West Netherlands and Luxembourg).

The changes in the trade patterns, i.e. the chandke sectoral imports and

exports at the macro-area level, are set out iesa&h25, 2.26 and 2.27.

Table 2.25: % Trade pattern change in volume atrthero-area level

ROW EU15 REU
AGM ROW 53.80% 18.80% 15.00%
AGM EU15 31.59% -5.09% 39.78%
AGM REU 43.68% 18.48% 18.49%
PRM ROW -0.11% -0.08% -0.09%
PRM EU15 0.06% 0.09% 0.08%
PRM REU 0.01% 0.04% 0.02%
IND ROW -0.01% 0.02% -0.07%
IND EU15 -0.04% 0.00% -0.11%
IND REU 0.09% 0.12% 0.02%
SERV ROW -0.07% -0.28% -0.19%
SERV EU15 0.25% 0.04% 0.13%
SERV REU 0.09% -0.12% -0.03%

Notes The second column shows the exporting macro-#hnedirst row the importing macro-area.
Unskilled/skilled labour immobility at the NUTS &vel within the EU154 = oy = 0).
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Table 2.26: % Trade pattern change in volume afrthero-area level

ROW EU15 REU
AGM ROW 53.80% 19.00% 15.00%
AGM EU15 31.62% -4.91% 39.81%
AGM REU 43.68% 18.68% 18.49%
PRM ROW -0.11% 0.25% -0.10%
PRM EU15 -0.16% 0.19% -0.16%
PRM REU 0.04% 0.40% 0.05%
IND ROW -0.02% 0.06% -0.11%
IND EU15 0.04% 0.14% -0.05%
IND REU 0.09% 0.17% -0.01%
SERV ROW -0.07% -0.29% -0.19%
SERV EU15 0.30% 0.08% 0.18%
SERV REU 0.08% -0.14% -0.04%

Notes The second column shows the exporting macro-#hnedirst row the importing macro-area.
Unskilled/skilled labour mobility across the NUTSegions within the EU15( = oy = 10).

Table 2.27: % Trade pattern change in volume afrthero-area level

ROW EU15 REU
AGM ROW 53.80% 19.00% 15.07%
AGM EU15 31.62% -4.91% 39.90%
AGM REU 43.76% 18.75% 18.64%
PRM ROW -0.11% 0.26% 0.01%
PRM EU15 -0.17% 0.19% -0.05%
PRM REU 0.04% 0.41% 0.17%
IND ROW -0.02% 0.06% -0.05%
IND EU15 0.04% 0.14% 0.01%
IND REU 0.18% 0.26% 0.14%
SERV ROW -0.07% -0.30% -0.13%
SERV EU15 0.30% 0.07% 0.24%
SERV REU 0.13% -0.09% 0.07%

Notes The second column shows the exporting macro-dheafirst row the importing macro-area.
Unskilled/skilled labour mobility between the NUTSegions (EU15) and the Rest of Europe (REU)
within the EU27 §_= oy = 10).
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Not surprisingly, the greatest variations strike &GM sector. It should be noted
that, even if export changes are small in the atketors at the macro-area level, the
NUTS 1 regions experience appreciable reallocagiff@cts in production volume,
which makes the NUTS model useful.

Finally, welfare analysis is carried out at the maarea level. Table 2.28 lays out
the welfare gains measured in equivalent variat{ev) $ million under the three

different labour market scenarios.

Table 2.28: Equivalent variation at the macro-degal

ROW EU15 REU
o= on = 0 within EU15 5462 157 75
o. = on = 10 within EU15 5616 176 87
o= on = 10 within EU27 5618 -160 408

Notes $ million.

Under the assumption of unskilled/skilled laboumobility at the NUTS 1 level
within the EU15, ROW gains about $5462 million. Td&n are limited for the EU15
and REU, $157 and $75 million, respectively.

Increasing labour mobility within the EU15 in thecend scenario results in a
slight improvement in welfare. Indeed, the ROW g&#%616 million and the EU15
and REU, $176 and $87 million, respectively. Howethee gain for Europe as a
whole continues to be almost insignificant.

Finally, assuming an integrated labour market witthe EU27, the welfare
increase for the ROW macro-area is only $2 milliorierestingly, the EU15 loses
and the REU wins in the third scenario. The libeedion of agriculture determines a
gain of about $408 million for the REU and a logs®160 million for the EU15.
Nevertheless, gains and losses continue to be alnggnificant for Europe.

It is worth noting that other studies produce mbhdher estimates of equivalent

variation. For example, using the GTAP model wigihfect competition and constant
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returns to scale in all the sectors, Hertel and niége(2005) find that full
liberalization of agriculture (market access, daicesupport and export subsidies)
produce a $55 billion gain for the world as a whalsing MIRAGE model with
imperfect competition in services and manufactuBesietet al. (2005) implement a
likely Doha round agricultural liberalization. Théyd a $18 billion gain for the
world as a whole.

In addition in both these two studies, the baseégailibrium, in which trade
liberalization is implemented, considers as acldet® European enlargement and
other commitments that took place by the end of42@0g. China accession in the
WTO). As a result, my model is likely to overestimé&urther the welfare gain of the
tariff liberalization in agriculture because thengopicture of tariff barriers refers to
that of 2001. These different results could dependthe NUTS regional level

adopted to define the production structure.
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2.8 Interpretation of the results

CGE trade models are criticized because they doafiotv the results to be
interpreted adequately. As stated by Panagariya @Batlagupta (2001, p. 3),
‘unearthing the features of CGE models that drhvent is often a time-consuming
exercise. This is because their sheer size, fa@tit by recent advances in computer
technology, make it difficult to pinpoint the preei source of a particular result.
They often remain a black box. Indeed, frequerdiythors are themselves unable to
explain their results intuitively’.

For this reason | have built a stylised model ideorto interpret the results and
better understand the economic functioning of figentodel.

The focus of this model is on the production sidelfare analysis can be carried
out only at the macro-area level. Therefore, therpretation is given for the
production reallocation across sectors in each NUTS3egion after the tariff
liberalization in agriculture under the hypothesisperfect unskilled/skilled labour
immobility at the NUTS 1 level. In fact, this kiraf effect can be considered as the
most important result in the model.

There are two main features concerning the restilimde policy simulation:

v different negative magnitudes of production chamgéhe agricultural sector

(AGM) across the NUTS 1 regions,

v different (positive and negative) magnitudes ofdomction change across the
NUTS 1 regions in the other sectors, manufactutB) and services
(SERV).

The stylised model aims at explaining the reasonsuch results.

Before the presentation of the stylised models itvbrth noting that skilled and
unskilled labour are the only two primary factoos Which data at the NUTS 1 level
are available. As a results, they can be considexedthe main source of
heterogeneity across the NUTS 1 regions. It isiptesgo understand this by looking
at the formula of the value added for the genefldlfr'S 1 region at the calibration

stage.
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According to Egs. (2.5), (2.6) and (2.7) value atlf{ed) can be written as:
VAL, = KEYA, ( TR RNt Koo+ bu* Hhe  (211)

All the land {[TE), natural resourcesR{N) and capital K) variables use the
repartition key of valued adde&KEYVA to determine their NUTS 1 level. It is
assumed that all the prices associated with theveabwentioned variables are
initialised to unity at the calibration stage. Usikqg. (2.4), the Eq. (2.11) can be
rearranged as:

VA,EU15
VA,EU15 _(TEEU l5+ RI\I']EU 15+ l|<EU lf)

VA,nut = ( I‘i,nut + Hi,nut) (212)

In the Eq. (2.12) it is clear that the source @& ¥ialue added heterogeneity across

the NUTS 1 regions stems from the skilled and dlegsklabour at the NUTS 1 level.

Let us now move on to the description of the segisnodel. The assumptions of

the stylised model are the following:

1) two countries (home and foreign countries),

2) two regionsA andB regions) which both belong to the home country,

3) two factors, the unskilled labour)(and skilled labourH), which are assumed
to be perfectly immobile at the regional level goerfectly mobile across
sectors,

4) two sectors, sector 1 that is unskilled labouensive, and sector 2 that is
skilled labour intensive,

5) a CES function, which uses unskilled and skilladour to produce value
added, and a Leontief technology which uses vatlded and intermediate
inputs to produce output,

6) constant returns to scale and perfect competitidooth sectors,
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7) a demand structure which reproduces that usedhén big model (the
Armington hypothesis is used to model the foreiglé). The elasticities of
substitution in the CES functions are the saméade used in the big model.

Assumption 4, in turn, implies that:

aLl,A > aLZ,A (2 13)
aH,, aH,, '

aLi,B > aLZ,B (2 14)
aH,, aH,, '

where oL and aH are parameters of the CES value added functiontHer
unskilled and skilled factors. These parametersb&anonsidered as factor intensity
indicators.

Given that in the big model a full tariff liberaditon is implemented in the
agricultural sector, | suppose that all the tamffe removed in the unskilled intensive
sector (sector 1) for both home and foreign coastim the stylised model.

Two cases are given for the stylised model. Infitlseé case A andB regions have

the same technologies:

aLl,A = aLl,B (2 15)

al,n _ ALy (2.16)

aszA aHZ’B

Egs (2.15) and (2.16), in turn, imply thatand B have the same ratio of the

unskilled/skilled labour endowments:

La

Y 2.17)
HA HB
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Trade liberalization in the unskilled labour intemssector is simulated for the

case 1. The results for the production relativengeaAY/Y) are the following:

AY,, AY,

Sha _Bhs (2.18)
Yl,A 1B

AY,, AY,

Sha_Bhs (2.19)
Y2,A YZB

From Egs. (2.18) and (2.19) it is clear that ddfeértechnologies betweénandB
regions are crucial to explain different magnitudéshe production relative change
betweenA andB regions. This result does not depend on the regipg, i.e. the
factor endowments of the regions.

The first case of the stylised model helps one molesstand that different
technologies are decisive in order to explain tifferént magnitudes of trade policy
shock but does not help to understand which cheniatits the technologies must
have across sectors and regions in order to réplib@ two main features of trade
policy simulation in the big model. The second cakthe stylised model meets this

need. In the case 2 it is supposed fahdB regions have different technologies:

abin 4 Al (2.20)
aH,, aH,g '

z 2 (2.21)

One condition is needed in the stylised model fwicate the results of the big

model:

al,, _ al,, _alL, _ al,g

(2.22)
aHLA aHZ’A aHLB aHZB
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Eq. (2.22) is a technological condition on the skt difference between the
ratios of the unskilled labour intensity to thellgd labour intensity. Both the left
and right members of Eq. (2.22) have to be posihweause they are the difference
of the ratios between the unskilled and skilledlatintensive sector.

In case 2 Eq. (2.22) determines the following rssul

) L) Y (2.23)
Yie  Via

Bs , B%s g (2.24)
Y2,B Y2,A

In the big model there are four sectors while ia $tylised model there are only
two sectors. The result of this simplification isat the different (positive and
negative) magnitudes in the IND and SERV sectorsoime different positive
magnitudes in the skilled labour intensive sedliocan also be noted that a region
(B) experiences the largest production reallocat@oss sectors.

In order to explain the production reallocationaasr sectors in each NUTS 1
region, | concentrate my attention on Eq. (2.28¢ technological condition which
gives the key parameter for interpreting the ressulte. the sectoral difference
between the ratios of the unskilled labour intgntit the skilled labour intensity. |
use the following parameter in the big model axprof the key parameter in Eq.
(2.22):

al‘i,nut _ aLj nut

aQi ,nut an ,nut

(2.25)

wherei andj are sector indexesut is the index of the NUTS 1 regions asd
andaQ are parameters of the CES value added functiothtounskilled and fictive
factors. It is noteworthy to recall that the figifactor Q) is a CES bundle of capital
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and skilled labour (see the list of variables inpApdix 2). Indeed, in the big model
the valued added is specified through a two-leested technology (séégure 2.9.

To show how the parameter determines the % pramuctianges, in Table 2.29
and Table 2.30 | match the ten greatest % produd®creases in volume at the
NUTS 1 level for the AGM sector with the ten highealues of thex(agm/ind)and
a(agm/serv) parameters. The latter is the difference between rdtios of the
unskilled labour intensity to the fictive factortemsity in the AGM and SERV
sectors, respectively. The former is the differebewveen the ratios of the unskilled
labour intensity to the fictive factor intensitygspectively, in the AGM and IND
sectors.

Table 2.29: The ten greatest % production decrégasesiume at the NUTS 1 level (AGM

sector) and the ten highest values ofdf@gm/ind)parameter

AYIY (AGM) a(agm/ind)

South Austria (Austria) -2.47% South Austria (Austria) 4.79
Ireland -2.15% West Austria (Austria) 3.50
West Austria (Austria) -1.95% Kentriki Ellada (Greece) 3.15
East Austria (Austria) -1.74% Nisia Aigaiou-Kriti (Greece)  2.96
Portugal -1.47% Portugal 291
Attica (Greece) -1.44% East Austria (Austria) 2.73
Mecklenburg-Vor. (Germany) -1.19% Voreia Ellada (Greece) 2.65
Northern Ireland -1.10% Attica (Greece) 2.09
Luxembourg -1.10% Ireland 1.58
Voreia Ellada (Greece) -1.10% South (ltaly) 1.41

Notes a(agm/ ind) = (a lagm nut! @ Qagm nL}_(a Ling @ Q ind n)r
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Table 2.30: The ten greatest % production decrégasesiume at the NUTS 1 level (AGM

sector) and the ten highest values of d{@m/servparameter

AYIY (AGM) a(agm/serv)

South Austria (Austria) -2.47% South Austria (Austria) 5.05
Ireland -2.15% Portugal 4.41
West Austria (Austria) -1.95% West Austria (Austria) 3.79
East Austria (Austria) -1.74% Kentriki Ellada (Greece) 3.67
Portugal -1.47% Nisia Aigaiou-Kriti (Greece) 3.41
Attica (Greece) -1.44% Voreia Ellada (Greece) 3.25
Mecklenburg-Vor. (Germany) -1.19% East Austria (Austria) 2.98
Northern Ireland -1.10% Attica (Greece) 2.72
Luxembourg -1.10% South (ltaly) 2.02
Voreia Ellada (Greece) -1.10% Islands (Italy) 1.63

Notes a(agm/ sery = (a kgm nut @ Qugm hL&_ (a Lserv nd@ Q serv r)t

It is possible to see that seven % production cbesungatch the corresponding key
parameters for the NUTS 1 regions in Table 2.29 simd% production changes
match the corresponding key parameter for the NWT&gions in Table 2.30 (the %
production changes and corresponding key parametbish match each other, are
reported in bold). Therefore, given the productitatrease in the agriculture sector
for all of the EU15 regions, the most affected oagi will be those in which there is
a stronger sectoral difference between AGM andother sectors in the relative use
of the unskilled and skilled factors. For exam@®uth Austria experiences the
greatest decrease in AGM and uses more intensihelyunskilled labour in the
AGM sector and the skilled labour in the IND andRSEsectors with respect to the
other NUTS 1 regions.

An analogous argument can be made to explain tHereht (positive and
negative) % production changes in the IND and SER¥®tors, which are displayed
respectively, in Table 2.31 and in Table 2.32.
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Table 2.31: The ten greatest % production increaselecreases in volume at the NUTS 1

level (IND sector) and the ten highest values efitagm/ind)parameter

AY/Y (IND) a(agm/ind)

Nisia Aigaiou-Kriti (Greece) -7.62%
Attica (Greece) -1.38%
Community of Madrid (Spain) -1.15%
Luxembourg 1.06%
West Austria (Austria) 1.55%
Brussels-Capital Region 1.94%
Mecklenburg-Vor. (Germany) 2.10%
East Austria (Austria) 2.40%
South Austria (Austria) 2.99%
Ireland 7.02%

South Austria (Austria) 4.79
West Austria (Austria) 3.50

Kentriki Ellaf@reece) 3.15
Nisia Aigaiou-Kriti (Greece) 2.96
Portugal 291
East Austria (Austria) 2.73

Voreia Ellada (&re) 2.65
Attica (Greece) 2.09
Ireland 1.58
South (Italy) 1.41

Notes a(agm/ ind) = (a' lagm nut’ @ Qagm nu}_(a Lind ndt@ Q ind n)r

Table 2.32: The ten greatest % production increasekecreases in volume at the NUTS 1

level (SERV sector) and the ten highest valueb@fifagm/servparameter

AY/Y(SERV) a(agm/serv)
Ireland -2.31% South Austria (Austria) 5.05
South Austria (Austria) -1.15% Portugal 4.41
West Austria (Austria) -0.63% West Austria (Austria) 3.79
East Austria (Austria) -0.59% Kentriki Ellada (Greece) 3.67
Mecklenburg-Vor. (Germany)  -0.50% Nisia Aigaiou-Kriti (Greece) 3.41
North East (Spain) 0.39% Voreia Ellada (Greece) 53.2
East (Spain) 0.43% East Austria (Austria) 2.98
Portugal 0.47% Attica (Greece) 2.72
Attica (Greece) 0.47% South (ltaly) 2.02
Nisia Aigaiou-Kriti (Greece) 1.62% Islands (Italy) 1.63

Notes a(agm/ sery = (a kgm nut/ @ Qgm nL}_ (a Lserv nd@ Q serv r)t
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So far the reasons, which cause different magrstudethe three sectors, have
been explained but it is also important to undestthe sign of the production
change across the NUTS 1 regions. In the agri@lltsector there is no doubt
because the sign is the same for all the NUTS lomegand, thus, this can be
interpreted as a result of the demand side at taavarea level. In contrast, the sign
changes according with the NUTS 1 region in martufas and services. This can
be interpreted as a result of the improved efficyeim the allocation of the inputs,
i.e. as a result of the supply side at the NUT&veIl

Table 2.33 and Table 2.34 help us to understandlifferent signs in the IND
sector.

Table 2.33: The ten greatest % production increasekecreases in volume at the NUTS 1

level (IND sector) and the ten highest values efuitind/serv)parameter

AY/Y (IND) a(ind/serv)

Nisia Aigaiou-Kriti (Greece) -7.62% Portugal 1.50
Attica (Greece) -1.38% North East (Italy) 0.75
Community of Madrid (Spain) -1.15% North West (al 0.66
Luxembourg 1.06% Centre (Italy) 0.63
West Austria (Austria) 1.55% Attica (Greece) 0.63
Brussels-Cap. Region (Belgium) 1.94% South (Italy) 0.61
Mecklenburg-Vor. (Germany) 2.10% Voreia Ellada (&re) 0.60
East Austria (Austria) 2.40% Kentriki Ellada (Gregc 0.52
South Austria (Austria) 2.99% Islands (Italy) 0.51
Ireland 7.02% Nisia Aigaiou-Kriti (Greece) 0.45

Notes a(ind/ sery) = (a' lind,nut/ @ Qn, nut) _(a' Lsery nt@ Qserv nDJI
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Table 2.34: The ten greatest % production increaselecreases in volume at the NUTS 1

level (IND sector) and the ten lowest values ofdfird/serv)parameter

AY/Y (IND) a(ind/serv)
Nisia Aigaiou-Kriti (Greece) -7.62% Ireland -0.02
Attica (Greece) -1.38% Mecklenburg-Vo (Germany) 0.05
Community of Madrid (Spain) -1.15% Northern IrelafiK) 0.14
Luxembourg 1.06% Brussels-Ca. Reg. (Belgium).14
West Austria (Austria) 1.55% Walloon Region (Belgiu 0.19
Brussels-Ca. Reg. (Belgium)  1.94% Scotland (United Kingdom) 0.20
Mecklenburg-Vor. (Germany) 2.10% North East England (U.K.)  0.21
East Austria (Austria) 2.40% Mainland Finland (FRiad) 0.21
South Austria (Austria) 2.99% Greater London (U.K) 0.21
Ireland 7.02% Brandenburg (Germany) 0.22

Notes a(ind/ sery) = (a' lind,nut/ @ Qn, nut) _(a' Lsery nt@ Qserv nDJI

For example, the Greek regions, Nisia Aigaiou-Kaid Attica, experience the
greatest decrease in the IND sector and hau@nd/serv)value included within the
ten highest values. This means that these regiemshe unskilled labour in the IND
sector and the skilled labour in the SERV sectoremiatensively with respect to the
other NUTS 1 regions. In contrast, Ireland expe@snthe greatest increase in the
IND sector and has the lowesa(ind/serv) value. This means that Ireland uses
unskilled labour and skilled labour by similar ins&ties in both the IND and SERV
sectors with respect to the other NUTS 1 regions.

A similar argument can be used for the SERV seclables 2.35 and 2.36
indicate Nisia Aigaiou-Kriti, Attica and Portugak dhe regions with the greatest
increase in the SERV sector. These regions alse hayind/serv)value included
within the ten highest values. In contrast, Irelaxg@eriences the greatest decrease in
the SERV sector and has the lowgstd/serv)value.

Thus, the increases and decreases of the prodwdtange in the IND and SERV

sectors are characterised by inverse patterng NWUTS 1 level.
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Table 2.35: The ten greatest % production increasekecreases in volume at the NUTS 1

level (SERV sector) and the ten highest valuesi®@éind/serv)parameter

AYIY (SERV) a(ind/serv)
Ireland -2.31% Portugal 1.50
South Austria (Austria) -1.15% North East (Italy) 79
West Austria (Austria) -0.63% North West (ltaly) 66.
East Austria (Austria) -0.59% Centre (lItaly) 0.63
Mecklenburg-Vor (Germany) -0.50% Attica (Greece) 0.63
North East (Spain) 0.39% South (ltaly) 0.61
East (Spain) 0.43% Voreia Ellada (Greece) 0.60
Portugal 0.47% Kentriki Ellada (Greece) 0.52
Attica (Greece) 0.47% Islands (Italy) 0.51
Nisia Aigaiou-Kriti (Greece) 1.62% Nisia Aigaiou-Kriti (Greece) 0.45

Notes a(ind/ sery) = (a' lind,nut/ @ Qn, nut) _(a' Lsery nt@ Qserv nDJI

Table 2.36: The ten greatest % production increaseecreases in volume at the NUTS 1

level (SERV sector) and the ten lowest values eti{ind/serv)parameter

AY/Y(SERV) a(ind/serv)

Ireland -2.31% Ireland -0.02
South Austria (Austria) -1.15% Mecklenburg-Vo. Germany) 0.05
West Austria (Austria) -0.63% Northern Ireland (UK) 0.14
East Austria (Austria) -0.59% Brussels Ca. RegldiBen) 0.14
Mecklenburg-Vor. (Germany) -0.50% Walloon Region (Belgium)  0.19
North East (Spain) 0.39% Scotland (UK) 0.20
East (Spain) 0.43% North East England (UK) 0.21
Portugal 0.47% Mainland Finland (Finlnad) 0.21
Attica (Greece) 0.47% Greater London (UK) 0.21
Nisia Aigaiou-Kriti (Greece) 1.62% Brandenburg (®any) 0.22

Notes a(ind/ sery = (a' lind,nut/ @ Qnd, nut) - (a' Lsery nt@ Qserv nD.n
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In Tables 2.33, 2.34, 2.35, 2.36 only two out of ¢& three out of ten production
changes match the corresponding key parameters.niéans that further channels,
in addition to the sectoral difference between thgos of the unskilled labour
intensity to the skilled labour intensity, couldigtxin the model that determine the
sign in the IND and SERYV sectors. However, the abmentioned channel, based on
the a(ind/serv)parameter value, is likely to be very importantdaese it involves the
NUTS 1 regions which shows the highest increaselsdatreases in the IND and
SERV sectors, i.e. Ireland and Nisia Aigaiou-Kriti.

To summarize, trade policy strikes the AGM sectod @auses a production
decrease in the AGM sector for all of the NUTS @¢ioas. The NUTS 1 regions,
which use unskilled labour in the AGM sector andlestt labour in the IND and
SERV sectors more intensively with respect to tteeloNUTS 1 regions, are the
most affected regions in the AGM sector. The demaa the AGM production, in
turn, determines a production reallocation and ceduthe labour demand for
unskilled labour. As a result, in general the ulhsttifactor loses (the wage goes
down) and the skilled factor wins (the wage goel tjopwever, in the NUTS 1
regions which use the unskilled labour in the INf2ter and the skilled labour in the
SERV sector more intensively, the IND productionegadown and the SERV
production goes up. In contrast, in the NUTS 1aegj which use the unskilled and
skilled factors in the IND and SERV sectors by $amiintensities, the IND
production goes up and the SERV production goesxdow

The introduction of unskilled/skilled labour mobyiwithin the EU15 and the
EU27 determines smaller decreases in the AGM seciy not surprisingly, a larger
production reallocation between the IND and SER&a@s, as shown in Tables 2.10
through Table 2.17. Stroragnplificationeffects are observed in these two sectors for
the NUTS 1 regions, which experienced strong deear increases in the case of
unskilled/skilled labour immobility. Thesamplification effects occur because
workers can move toward the regions where theyivea@higher wage. This is also
the reason why the Greek regions and Portugal gxngironger skilled immigration
(Table 2.19 and Table 2.21) while Ireland and Lukeorg have a stronger unskilled
immigration (Table 2.18 and Table 2.20).
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Welfare analysis cannot be carried out at the macza level. Nevertheless, the
% change in the overall value added can be evaluaitehe NUTS 1 through a
Laspeyres index. It is interesting to note in Takike22, 2.23 and 2.24 that labour
mobility increases the losses and gains in termsabfe added, in particular for the
NUTS 1 regions in which there is a stronger proiducteallocation.
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Chapter 3
A global CGE trade model at the NUTS 1

level with imperfect competition

3.1 Introduction

In the second chapter | set out a global CGE traddel at the NUTS level.
Perfect competition and constant returns to scaesvassumed to hold in all the
sectors. The perfect competition in the goods markplies a first best solution but
the market is likely to have imperfections and & dharacterised by oligopolistic
behaviour. Imperfect competition should be congdetio give a greater realism to
the trade policy scenario. In addition, it is ie®ing to compare the trade policy
results in a perfect competition framework with ttrade policy results in an
imperfect competition framework. The comparisotarms of productive efficiency
or welfare can be interpreted as the distance legtwiee first best solution and a
second best solution.

Norman (1990) explains the need to take into adcthenimperfect competition
in CGE models. He builds simplified models (threeters and two countries) to
investigate the consequences of trade liberalizatide finds that imperfect
competition makes a significant quantitative défece (compared to the standard,
perfectly competitive theory) to the effects ofdealiberalization on inter-industry
trade patterns. In addition, the Armington assuampis a good approximation of
product differentiation only with respect to theraindustry trade but is not a
substitute for explicit incorporation of oligopdiss interaction and product
differentiation at the firm level.

Imperfect competition is now also incorporated e tGTAP and MIRAGE
models. However, in MIRAGE agriculture continuesbi characterised by perfect

105



competition and constant returns to scale becauge dnigh number of producers in
this sector. This assumption is also preservedyimpproacH.

In this chapter | present my version of a globalECteade model at the sub-
national level with imperfect competition. It is@ied to the 68 NUTS 1 regions
within the first 15 member states of the Europeaob (EU15). As in the version
with perfect competition, the demand side continteede specified at the EU15
level. This means that imports, exports, domesimahd, as well as the associated
prices, are at the EU15 level. The imperfect coitipatis modelled through a
Cournot-Nash scheme, where the strategic variagblleel quantity produced by each
NUTS 1 region. It is supposed that all the NUTSirin$, producing in the EU15
macro-area, face the same price in the macro-anesevihey sell their product. As a
result, in each macro-area there is a unique @lasticity of the demand which is
perceived by all the NUTS 1 firms producing in Bd15 macro-area.

The chapter is organized as follows. In sectiome theoretical structure is set
out. In section 3 the calibration strategy is désct. The chosen sectoral and
geographical aggregations remain the same, asawéfie trade policy simulation. In
section 4 the results of the trade policy on tlai@eation of production and varieties
across sectors at the NUTS 1 level are presentkd. résults of the sensitivity
analysis on the reallocation of production andetss across sectors at the NUTS 1
level with the introduction of the skilled/unskiiéabour mobility are also shown. As
in the previous chapter, other interesting resaites presented: the unskilled/skilled
labour migration within the EU15 and the EU27, thange in the total value added
at the NUTS level and the changes in the tradepetiand welfare at the macro-area
level. All the results are compared with those iatd in the perfect competition

case. An interpretation for the imperfect compatitcase is given in section 5.

' In my approach the primary energy sources sectoalso considered perfectly competitive
because in the MIRAGE model it is considered pdlsfemompetitive. Even if this is controversial, |
preferred to preserve the sectoral structuring (RMGE. However, the weight of the PRM sector is
very small in the European economy (5égure 2.3).
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3.2 The theoretical structure of the model

In this section | explain the theoretical structofethe model: the demand side,
the supply side, the factor markets and macroecanciwsure. Particular attention is
given at the demand side, which is substantiallglifiexd by the introduction of the
imperfect competition. As in Chapter 2, | referth@ Appendixes at the end of the

thesis for notational conventions, list of variahlparameters and equations.

3.2.1 Demand

All the demand variables are defined at the macea-kevel. This implies that the
price of each demand variable is equal for allNtETS 1 regions. As in the perfect
competition case, total demand is made up of toasumption, intermediate inputs
and capital goods.In each macro-area a representative householdsebothe
optimal sectoral composition of its final consuroptiby maximising a LES-CES
utility function subject to the household budgetstoaint. With this type of function
there is a minimum level of consumption which makes consumer preferences
non-homothetic.

Figure 3.lillustrates the demand structure in each sectdriareach one of the
three macro-areas. As usual, | put the variablehenrectangle and the functional

form used in the rhomh; represents the general sectoral index whilg,, , o\,
and o, are, respectively, the elasticity of substitutioatvibeen domestic and

foreign aggregate good, the elasticity across doregoods and the elasticity of
substitution across varieties.

The standard Armington assumption is made to mémteign trade. Thus, the
domestic and aggregate foreign goods are not pestdistitutes. Also, the imports

from different macro-areas are not perfect suldsstu

% The intermediate inputs also enter in the producside. Therefore, they are regionalized.
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Figure 3.1: demand structure
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So far the structure of the demand has not chamgédrespect to the perfect
competition case. At the following stage, the hamial product differentiation is
introduced. | follow the approach used in MIRAGEigbhis, in turn, derived from
the one used by Harrisaat al. (1997). This approach is applied to the demand, sid
while some changes are made for the production wlieh is regionalized at the
NUTS 1 level.

A Nash-Cournot scheme is supposed to hold in theufaatures and services
sectors. The strategic variable is the quantitgpeed by each NUTS 1 firm. In each
NUTS 1 region and imperfectly competitive sectaréhareN; ., Symmetric firms,
whereN; n,t IS the number of varieties in sectoof the NUTS 1 regiomut Each
firm produces a unique variety. The standard Lerequation allows for the

endogenous determination of the mark-ups

P
— i,mac, ma¢ - 1 (3 1)

,Ui ,mac,ma¢
I:)Yi,mac 1- 1

EP

i,mac, mac¢

where t macmac* IS the mark-up applied in the macro-areac* by each firm of
sectori producing in the macro-ar@aag P; mac mac+iS the price applied in the macro-
areamac* by each firm of sector producing in the macro-areaac EP, mac mac+iS
the price-elasticity of the demand, as perceivethkyfirm producing in sectarand
in the macro-aremacand selling its product in the macro-amac*, andPY; nac is
the marginal cost of the firm of sectorproducing in the macro-areaaac The
marginal cost is determined by the equality betwsapply and demand at the

macro-area level for the general variety usingféflewing equation:

z Yi,nut: DVAR,EU15+ z DEMVAREUlsmac (3.2)

nutJEU15 mag EUWS

whereY; n is the production of the general variety in sectand in the NUTS 1

region nut, DVAR euss is the domestic demand for the general varietylypeed in
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sectori of the EU15 macro-area alMEMVAREu1s maciS the demand in the macro-
areamac for the general variety of sectoproduced in the EU15 macro-area. It is
clear that in the ROW and REU macro-areas the mtoxtu (Y) continues to be
defined at the macro-area level. Eq. (3.2) gives #guilibrium for the two
geographical levels. It is worth noting that thenaad for the general variety is
specified at the macro-area level and is satidfiedifferent representative firms in
the NUTS 1 regions. As a result, in each imperjectimpetitive sector and in each
NUTS 1 region there ar ,,: symmetric firms which produch; . varieties. It is
assumed that all the firms within the EU15 have shme marginal cosPY; mad-
However, they differ in the use of the inputs (faetor intensity), as noted in the
second chapter. The factor intensity depends oNWiES level.

The total number of varieties by sector in the EWM:=y15) is given by the

following formulas:

Neis= D, N (3.3)

nutJEU15

The number of varieties in each sector and in eBthlS 1 region is
endogenously determined by the zero-profit conditacording to the following

equation:

O = PVAi\,nutVAifnut + I:)'A‘IN',nut AIN',nut +
YN[ 2B, 5 DEMVAR, ) B9
WEUIS TN 14 EPcuiseu1s mazews 1+ ERgy 150

where VA .t and AINI; . are, respectively, the value added and the aggrega
intermediate input in sectorand in the NUTS 1 regionut, PVA nu: and PAINI; nyt
are the associated prices aB® gyiseuis and EP, euismac are, respectively, the
perceived price-elasticity of the demand for thendstic good in sectarand in the
macro-area EU15 and the perceived price-elastidithe demand in sectorand in
the macro-aremacfor the firm producing in the macro-area EU15.
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In the REU and ROW macro-areas Eq. (3.4) beconeefotlowing:

0=PVA VAt PAINL . AINI  +

I,mac

DVAR .. N z DEMVAR . mae (3.5)
mee 1+ EFi,,mac,mac mac # mac 1+ EP| mac mat

-PY,

i,mac

| assume an international Cournot oligopoly undearket segmentation. This
means that each firm conjectures that all domemtid foreign rivals keep their
supply quantities to the market of the macro-areg fixed when it varies its own
guantity in the market of the same macro-anea It is possible to demonstrate that

in this case the perceived price-elasticities efdemand are given by the following

two equations:

Ni,mac EFi),maqmac+ ! = L - ! + ! __l SDT,mac (36)
UVAR JVAiR UARI}/I JARM o ¢

Ni,mac EFi>,maq mac+ L = ! - L +
JVAR UVAR o IMP

+ 1 - 1 SMI ,mac, mac + 1 __1 S-IJ_ magc mac (37)
JIMPi UARM ARM JC
mac# mac

where g,,,; parameter is the elasticity of substitution acresseties in sector,

o.is the sectoral elasticity of substitution acrossds of the total demand in the
macro-areanag SDTmag SM mac,mac @Nd ST mac mac* @re, respectively, the share of
the domestic demand over the total demand in therorereamacand sector, the
share of the imports from macro-an@@ac to macro-areanac* in sectori over the
total imports of the macro-aremac* in sectori and the share of the imports from

macro-areanacto macro-areanac* in sectori over the total demand of the macro-
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areamac* in sectori (see the list of equations in Appendix 4 for thatinematic
expression of the shares).

In order to avoid the problem of dependency ofdbeilibria on the choice of the
numeraire, which can occur in the CGE models witiparfect competition, it is
supposed that firms have not full information abaillt the general equilibrium
effects of their actions, i.e. the firms rule obe tpossibility that their production
decision influences the aggregate income via fgmtices and profit feedback effects

(the so-called Ford effect).

3.2.2 Supply

The structure of the supply side remains essentgthanged with respect to the
perfect competition case. A Leontief technologysusalue added and aggregate
intermediate input to obtain the output. There fre primary factors: unskilled
labour, skilled labour, natural resources, land eagital. A CES bundle is used to
model the complementarity between capital andeskilabour factors. The elasticity
of substitution between capital and skilled labisuless than one used to model the
substitutability across land, natural resourceskilied labour and the fictive factor
(Q), i.e. the CES bundle. A CES function links natuesources, land, unskilled
labour and the fictive factoiQ). In every sector of each NUTS 1 region aggregate
intermediate input is defined by a CES function aghantermediate goods of all
other sectors. As noted above, intermediate ingrgsone of the components of the
total demand together with final consumption angiteh goods. The variable is
regionalized but its price is at the macro-areallev

The main difference between the production in tedget competition case and
the production in the imperfect competition casthes presence of a fixed cost. The
fixed cost makes the total average cost decreasieeasutput increases. This takes

into account the role carried out by the econorofexcale.

3 A technical derivation of Egs. (3.6) and (3.7yigen by Willenbockel (2004).
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The fixed cost € nyy) IS measured in terms of units of output. In theT$ 1

regionnutand in sector it is derived from the formula of total cost:

Ninue PY eoas( Yo ¥ T6e) = PVAL VAL* AINL, PAINL, (3.8)

3.2.3 Factor markets

The imperfect competition in the goods market duasinfluence the structure of
the factor endowments which continue to be fullyptyed.

The supply of land and natural resources is atNkE'S 1 level. These two
primary factors are used only in the agricultured primary energy sources sectors.

Skilled and unskilled labour are perfectly mobiass the sectors. Concerning
geographical labour mobility, as in the first cleapin each macro-area skilled and
unskilled workers maximise wage income subject ©OEA (Constant Elasticity of
Transformatiof constraint. This implies imperfect mobility withithe EU15 and
different wages across the NUTS 1 regions.

Two different values of the elasticity of migratian the CET function are
supposed. When the elasticity is equal to zero eperfimmobility of the
unskilled/skilled labour at the NUTS 1 level isas®d. When the elasticity is equal
to ten a high mobility within the EU15 is assum@d. a result, two really different
scenarios are simulated: regional labour immaghbditd high labour mobility within
the EU15. The sensitivity analysis is carried awutassess the impact of labour
mobility on the production and labour reallocatamross sectors at the NUTS 1 level
after the trade policy shock.

In addition, an integrated labour market within #8627 can be considered. In
this integrated labour market skilled and unskillgalrkers can move not only within
the EU15 but also between the EU15 NUTS 1 regiodstiae rest of Europe (REU).

The capital supply is perfectly mobile across sacémd within each macro-area.
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3.2.4 Macro-economic closure

The introduction of imperfect competition does nwdify the macro-economic
closure. It is neoclassical; the investment is meiteed by the income and the
exogenous saving rate for the representative holgeim the macro-area. In
equilibrium the value of investment equals the gabf total demand for capital
goods. The external current account balance islfixe

Comparative static is used to interpret the traoleey effects. These effects must
be considered as medium or long-run effects bectngseapital is perfectly mobile
across sectors and within each macro-area, whiehvary large. In addition, the

zero-profit condition holds.

3.3 Calibration

As shown by Willenbockel (see subsection 1.2.2g dalibration is a very
important moment for the modelling of imperfect gmatition in the CGE models.
Imperfect competition requires three parameterdeocalibrated: the elasticity of
substitution across varieties, the mark-up andhtiraber of firms. Two of the three
parameters are generally set extraneously, whierédmaining one is calibrated
residually through the Lerner relationship.

This method is not considered fully satisfactorfiIRAGE because the available
information is only used for two out of the threargmeters. Moreover, the
consistency of the results is assessed ex-pos. r&sult, an original method is used
in MIRAGE which takes into account all the avaikhformation about the three
parameters, not only their value, but also theiriavece. For each sector, the
parameter values, which will be used in the modsd, chosen as to minimize the
logarithmic distance between the parameter anelxiisrnal estimate. The distance is
weighted by the inverted variance of the logaritbfrestimates. The minimisation
problem is subject to the consistency constrairth wespect to the values of the

three parameters (the zero-profit condition is #d&@n into account).
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The formula is the following:

A, v(m;m)l'”(gf\: JT*V('# ﬂi){'”(%ﬂﬂzm(mlﬂ)H%HZ

st O >L 1>1, N>1 (3.9)

st ﬁ(UVAR ' Hi ’Ni) =0

whereN, u, oyar andz are, respectively, the number of firms, the maok-ine
elasticity of substitution across varieties and fhefit. The hat {) denotes the
external estimate andthe variance. The geographical index is neglefdethe sake
of simplicity.

The data source for the external estimates arddlf@ving. The elasticity of
substitution across varieties is linked to the teddg of substitution across foreign
goods according to an equation close to Eqg. (2Mjich, in turn, linked the

Armington elasticity and the elasticity of subdiibt across foreign goods:
Oy ~1=32(0 o -1) (3.10)

As consequenceg, ,; is derived fromo,,, which is derived fromo,g, . The

latter is drawn from the GTAP 6 database and isirasdgl to be the same across
countries or groups of countries for a given sector

The values chosen for the mark-ups are based anates by Oliveira-Martins,
Scarpetta and Pilat (1996) for manufactures an®lyeira-Martins and Scarpetta
(1999) for services. However, these econometriclyaea are carried out for
developed countries. For this reason in MIRAGE isupposed that the mark-ups for
low-income countries are given by the followingrfada CIC and HIC indexes

stand for low and high-income countries):

Hic = (:ui,ch _1)1-5+ 1 (3.11)
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Concerning the number of firms, this parameter se@mbe the easiest one to
calibrate since good estimates of the Herfindhdéxnby sector exist. However, the
real problem lies elsewhere: a sector is not nackgss competition field. Indeed,
the sectoral aggregation chosen in a CGE modelirogly that firms are not all
direct competitors to each other within a sectdreréfore, in MIRAGE sectors are
divided in sub-sectors to allow for the differentmpetition fields. ‘The competition
field has the same size whatever the sector. Ttimaies by Davies and Lyons
(1996) are used as a first estimate for the nurobérm by sector in Europe. The
number of sub-sectors within each sector is assumdxk proportionate to output
value in the EU. The equivalent number of firms ighhonly matters in the model as
the inverse of firms’ average market share) is thbemputed as the first “gross”
estimate for the number of firms, divided by thentner of sub-sectors. The number
of firms in other areas is then assumed to be dhgesthan in Europe’ (Bchir et al.,
2002, p.43).

| follow the approach of MIRAGE for the calibratiarf the key parameters in the
imperfect competition. The elasticity of substitutiacross varieties and the mark-
ups remain the same because they are specifiée ahacro-area level. In contrast,
the number of firms is at the NUTS 1 level. Therefol use the zero-profit
condition, the Eq. (3.4), to distribute at the NUIESel the total number of firms by
sector in the EU15, which | draw from MIRAGE.

As in the first chapter, the numeraire is the wtilprice of the representative

household in the macro-area ROW.

116



3.4 Simulation results

In this section the results of the trade policyckhare presented. The shock is
unchanged with respect to the second chapter. Adwariff liberalization in the
agricultural sector is implemented. Thus, all fiidevaloremtariff rates are set to zero
in the agricultural sector for all three macro-atea

GAMS software and the CONOPT 3 algorithm are u$dthve 5677 equations
and 5677 variables. As mentioned above, imperfecotpetition is assumed to hold
in the IND and SERYV sectors, while AGM continuesbt characterised by perfect
competition.

This section is organized as follows. In subsec8chl, | show the production
reallocation in volume across sectors in the NUTSefjions. The imperfect
competition allows the number of varieties andaterage production per firm at the
NUTS 1 level to be determined. As a consequencssethiwo variables are also
displayed for the NUTS 1 regions, which experietiee ten greatest % production
increases or decreases. In subsection 3.4.2, $sasise impact of unskilled/skilled
labour mobility on the outcomes of the previoussadhon. Finally, in subsection
3.4.3 | illustrate further interesting results asskilled/skilled labour migration
within Europe and the change in the total valueedddt the NUTS 1 level. The
changes in the trade pattern and welfare are atsmagled at the macro-area level.
The welfare analysis is carried out through thealisguivalent variation measure as
well as through the number of varieties accordmghe “love of variety” approach
of Krugman (1979).

3.4.1 Production reallocation across sectors in thBIUTS 1 regions after a

world trade liberalization in the agricultural sector

In this section | show the results on productiofurte reallocation across the

four sectors in each of the 68 NUTS 1 regions witiie EU15 after a world tariff
liberalization in the agricultural sector. The résun this subsection are obtained
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under the assumption of unskilled/skilled labeumobility at the NUTS 1 level, i.e.
workers have to stay in the NUTS 1 region to wliloky belong. This hypothesis is
formalized by assuming that the elasticity of mignain the CET functions is equal
to zero, and denoting with. and oy the elasticity of migration for the unskilled
factor and the skilled factor, respectively.

Before showing the outcomes at the NUTS levelpbrethe simulated effects of
liberalization at the macro-area level in Table. 3nlthe EU15, the AGM sector is
again the most affected, the % production decrgaselume is more than 1%. The
changes are smaller in the other sectors and nzaiess with the exception of SERV
in the REU macro-area, which exhibits a 1.23% desgeHowever, in the imperfect
competition case, the variations in the IND and BERctors are greater than those
observed in the perfect competition case; the sagasalso different (see Table 2.5
for a comparison). This suggests that imperfectpetition matters for inter-industry
production reallocation at the macro-area levelisltinteresting to assess what
happens at the NUTS 1 level.

Table 3.1: % Production change in volume at theroracea level

ROW EU15 REU
AGM 0.26% -1.08% -0.37%
PRM -0.09% -0.17% 0.79%
IND -0.07% -0.19% 0.28%
SERV 0.24% 0.67% -1.23%

Notes Unskilled/skilled labour immobility at the NUTSlé&vel within the EU154 = oy = 0).

Table 3.2 reports these effects for each of thBlB8 S regions. At first glance, it
clearly appears that positive and negative magegudre higher than the ones
observed at the macro-area level (especially fer tanufactures and services
sectors). In addition, the changes are negativealiothe NUTS 1 regions in the
agricultural sector (as in the perfect competitt@se), positive for all the NUTS 1

regions except Ireland in services and negativepasdive in manufactures.
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Table 3.2: % Production change in volume at the RUTevel

AGM PRM IND SERV

Portugal -1.71% -0.17% -0.72% 1.29%
North West (Spain) -1.05% -0.18% -0.51% 1.92%
North East (Spain) -0.93% -0.16% -0.66% 1.81%
Community of Madrid (Spain) -0.94% -0.17% -1.34% 03Po
Centre (Spain) -1.01% -0.17% -0.08% 1.52%
East (Spain) -0.92% -0.17% -0.95% 0.95%
South (Spain) -1.01% -0.17% -0.50% 0.98%
Voreia Ellada (Greece) -1.28% -0.16% 0.25% 2.70%
Kentriki Ellada (Greece) -1.10% -0.16% -0.29% 4.14%
Attica (Greece) -1.67% -0.16% -1.53% 2.18%
Nisia Aigaiou-Kriti (Greece) -0.65% -0.16% -8.62% .78%
North West (Italy) -0.93% -0.16% -0.40% 0.59%
North East (Italy) -0.96% -0.16% -0.40% 0.76%
Centre (Italy) -1.04% -0.16% -0.35% 0.56%
South (Italy) -1.26% -0.17% -0.02% 0.58%
Islands (Italy) -1.13% -0.17% -0.14% 1.10%
lle-de-France (France) -1.06% -0.17% -0.24% 0.28%
Parisian basin (France) -0.87% -0.17% -0.29% 0.67%
Nord-Pas-de-Calais (France) -0.96% -0.22% -0.23%51%.
East (France) -0.92% -0.17% -0.26% 1.16%
West (France) -0.95% -0.16% -0.07% 0.70%
South West (France) -0.98% -0.16% -0.20% 0.86%
Centre East (France) -1.05% -0.17% -0.36% 0.84%
Mediterranean (France) -0.91% -0.17% -0.94% 0.82%

Notes Unskilled/skilled labour immobility at the NUTSlével within the EU15d, = oy = 0).
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contTable 3.2: % Production change in volume at th&8U level

AGM PRM IND SERV
East Austria (Austria) -1.91% -0.16% 2.12% 0.65%
South Austria (Austria) -2.68% -0.16% 2.97% 1.96%
West Austria (Austria) -2.13% -0.16% 1.42% 1.03%
Baden-Wirttemberg (Germany) -0.97% -0.17% -0.41%74%.
Bavaria (Germany) -1.04% -0.18% -0.26% 0.50%
Berlin (Germany) -0.89% -0.17% -0.86% 1.36%
Brandenburg (Germany) -1.06% -0.18% -0.72% 2.45%
Bremen (Germany) -0.87% 0.01% -0.56% 5.58%
Hamburg (Germany) -0.89% -0.17% -0.78% 1.87%
Hessen (Germany) -0.92% -0.17% -0.63% 0.92%
Mecklenburg-Vorpommern (Germany) -1.33% -0.21% %93 2.57%
Lower Saxony (Germany) -0.94% -0.18% -0.41% 0.82%
North Rhine-Westphalia (Germany) -0.92% -0.17% 5%4 0.45%
Rhineland-Palatinate (Germany) -0.98% -0.18% -0.33%49%
Saarland (Germany) -0.90% -0.18% -0.51% 4.83%
Saxony (Germany) -1.02% -0.18% -0.47% 1.37%
Saxony-Anhalt (Germany) -0.93% -0.18% -0.64% 2.44%
Schleswig-Holstein (Germany) -0.95% -0.17% -0.66%98%
Thuringia (Germany) -0.98% -0.18% -0.52% 2.63%
Luxembourg -1.25% -0.15% 0.75% 4.43%
Brussels-Capital Region (Belgium) -1.21% -0.17% 1¥%6 1.88%
Flemish Region (Belgium) -1.09% -0.16% 0.20% 0.71%
Walloon Region (Belgium) -1.10% -0.17% 0.20% 1.69%

Notes Unskilled/skilled labour immobility at the NUTSlével within the EU154, = oy = 0).
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contTable 3.2: % Production change in volume at th&8U level

AGM  PRM IND SERV

North Netherlands (Netherlands) -0.94% -0.15% 0.47%.99%
East Netherlands (Netherlands) -1.00% -0.16% 0.23%36%
West Netherlands (Netherlands) -0.90% -0.16% 0.29%41%
South Netherlands (Netherlands) -1.05% -0.16% 0.47%11%
Sweden -1.00% -0.17% 0.06% 0.43%
Denmark -097% -0.15% -0.07% 0.68%
Mainland Finland (Finland) -1.00% -0.17% 0.00% 0®2
Aland (Finland) -0.96% -0.15% -1.86% 2.32%
Ireland -2.31% -0.18% 6.91% -1.26%
North East England (United Kingdom) -0.90% -0.17909.38% 2.18%
North West England (United Kingdom) -0.85% -0.2190.69% 0.87%
Yorkshire and the Humber (United Kingdor@)85% -0.18% -0.48% 1.09%
East Midlands (United Kingdom) -0.88% -0.17% -0.36%.27%
West Midlands (United Kingdom) -0.90% -0.17% -0.41%.01%
East of England (United Kingdom) -0.88% -0.25% 704/ 0.96%
Greater London (United Kingdom) -0.91% -0.16% -¥070.44%
South East England (United Kingdom) -1.15% -0.20%.54% 0.55%
South West England (United Kingdom) -0.94% -0.18%.46% 0.99%
Wales (United Kingdom) -1.10% -0.17% -0.15% 1.87%
Scotland (United Kingdom) -0.96% -0.18% -0.45% 0O®4
Northern Ireland (United Kingdom) -1.26% -0.17% @B 2.89%

Notes Unskilled/skilled labour immobility at the NUTSlével within the EU154, = o = 0).
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In Tables 3.3, 3.4 and 3.5 attention is focusedhenten greatest (positive and
negative) production changes in the AGM, IND anRSEsectors. In Table 3.4 and
Table 3.5 the number of varietids)(and the average production per firv) at the
NUTS 1 level are also displayed for the NUTS 1 oagiwhich experience the ten
greatest production increases or decreases. The $&Ridr is neglected because the
variations are generally small and its overall Weig not relevant in the EU15

economy.

Table 3.3: The ten greatest % production decraasesume at the NUTS 1 level

AGM
South Austria (Austria) -2.68%
Ireland -2.31%
West Austria (Austria) -2.13%
East Austria (Austria) -1.91%
Portugal -1.71%
Attica (Greece) -1.67%
Mecklenburg-Vorpommern (Germany) -1.33%
Voreia Ellada (Greece) -1.28%
Northern Ireland (United Kingdom) -1.26%
South (ltaly) -1.26%

Notes Unskilled/skilled labour immobility at the NUTSlével within the EU154, = o = 0).
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Table 3.4: The ten greatest % production increasekecreases in volume at the NUTS 1

level and the associated changes in the numbearadties N) and average production per

firm (Y )

IND IND (N) IND (Y)
Ireland 6.91% 6.91% 0.00%
South Austria (Austria) 2.97% 2.98% -0.01%
East Austria (Austria) 2.12% 2.13% -0.01%
Mecklenburg-Vorpommern (Germany)  1.93% 1.94% -0.01%
Brussels-Capital Region (Belgium) 1.61% 1.62% -0002
West Austria (Austria) 1.42% 1.42% 0.00%
Community of Madrid (Spain) -1.34% -1.33% -0.01%
Attica (Greece) -1.53% -1.51% -0.01%
Aland (Finland) -1.86% -0.95% -0.92%
Nisia Aigaiou-Kriti (Greece) -8.62% -8.54% -0.08%

Notes Unskilled/skilled labour immobility at the NUTSlé&vel within the EU154 = oy = 0).

Table 3.5: The ten greatest % production increasaekecreases in volume at the NUTS 1

level and the associated changes in the numbearadties N) and average production per

firm (Y )

SERV SERV K) SERV (Y)
Nisia Aigaiou-Kriti (Greece) 8.73% 1.80% 6.81%
Bremen (Germany) 5.58% 0.19% 5.38%
Saarland (Germany) 4.83% 0.25% 4.57%
Luxembourg 4.43% -0.22% 4.66%
Kentriki Ellada (Greece) 4.14% 0.29% 3.83%
North Netherlands 2.99% -0.15% 3.15%
Northern Ireland (United Kingdom)  2.89% -0.17% 307
Voreia Ellada (Greece) 2.70% 0.08% 2.61%
Thuringia (Germany) 2.63% 0.24% 2.39%
Ireland -1.26% -2.28% 1.04%

Notes Unskilled/skilled labour immobility at the NUTSlé&vel within the EU154 = oy = 0).
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Summarizing, South Austria and Ireland displayth&t same time, the greatest
decrease in agriculture, respectively, -2.68% @81% and the greatest increase in
manufactures, respectively, 2.97% and 6.91% (afenperfect competition case).
Ireland is also the NUTS 1 region which exhibite treatest decrease in the SERV
sector (-1.26%) but unlike the perfect competitaase, it is the only region which
decreases its production in this sector. In cohtsisia Aigaiou-Kriti (Greece) has,
respectively, the greatest increase in the SERVosg8.73%) and the greatest
decrease in the IND sector (-8.62%). The overaliype at the NUTS 1 level is close
to that described in the perfect competition case the next section for a detailed
comparison).

Concerning the number of varietié) (and the average production per firivi X
in the manufactures and services sectors, it ishamsting that in the IND sector the

change is almost completely driven Mywhile in the SERV sector it is driven by the

combination of the two above-mentioned variablet wie prevalence of .
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3.4.2 Sensitivity analysis on production reallocabin with the introduction of

unskilled/skilled labour mobility

In this scenario | suppose that skilled and uns#tilvorkers can respond to the
agricultural trade liberalization shock not only blganging the sector but also by
emigrating from the NUTS 1 region, to which theyldog, to another NUTS 1
region. There are two possible options. In thd Bree EU15 workers can move only
towards other NUTS 1 region within the EU15. In #ezond option EU15 workers
and REU workers can move within the EU27. As exmdiin the first chapter, the
unskilled/skilled labour mobility is modelled thiglua CET function in which, and
oy represent, respectively, the elasticity of mignatior unskilled factor and skilled
factor. In the first option these parameters rédethe EU15 labour market, while in
the second option they refer to the EU27 labourketarThe aim is to assess the
impact of labour mobility on the trade policy outoes.

Table 3.6 reports the results for production chaingeolume at the macro-area
level under the assumption of unskilled/skilleddab mobility across the NUTS 1
regions within the EU15. The results of Table 3onpared to Table 3.1 confirms
AGM as the most affected sector in the EU15 eveheaf% change (-0.81%) is less
in magnitude than in the labour immobility casee(§ame dynamic was observed in
the perfect competition case). The economic regsmsservices and manufactures
remain about the same in the world with the impurteaxception of the EU15
manufactures, which change the sign of the % vanarom negative to positive

with respect to Table 3.1.

Table 3.6: % Production change in volume at theroracea level

ROW EU15 REU
AGM 0.27% -0.81% -0.36%
PRM -0.02% -0.13% 0.87%
IND -0.08% 0.52% 0.27%
SERV 0.25% 0.24% -1.24%

Notes Unskilled/skilled labour mobility across the NUTSegions within the EU1%( = oy = 10).
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Table 3.6 also shows that in the imperfect competitase the variations in the
IND and SERV sectors are greater than those olbsenvéhe perfect competition
case (see Table 2.10 for a comparison). As in theiqus subsection, this suggests
that imperfect competition influences inter-indysproduction reallocation at the
macro-area level. Let us now move on to the NUT&/&l.

Tables 3.7, 3.8 and 3.9 display the resultshef ten greatest (positive and
negative) changes in the AGM, IND and SERV sectairthe NUTS 1 level. The
number of varietiesN) and average production per firf¥ ) are also displayed for
the IND and SERV sectors.

Table 3.7: The ten greatest % production decraasedume at the NUTS 1 level

AGM
South Austria (Austria) -1.77%
Ireland -1.64%
West Austria (Austria) -1.50%
East Austria (Austria) -1.41%
Portugal -1.15%
Luxembourg -1.10%
Attica (Greece) -1.07%
South (Italy) -0.98%
Brussels-Capital Region (Belgium) -0.96%
lle-de-France (France) -0.92%

Notes Unskilled/skilled labour mobility across the NUTSegions within the EU15%( = oy = 10).
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Table 3.8: The ten greatest % production increasaekecreases in volume at the NUTS 1

level and the associated changes in the numbearadties N) and average production per

firm (Y )

IND IND (N) IND (Y)
Ireland 50.86% 50.85% 0.00%
Luxembourg 33.95% 33.92% 0.02%
Brussels-Capital Region (Belgium)  27.75% 27.74% 1%0
East Austria (Austria) 16.68% 16.68% 0.00%
West Netherlands (Netherlands) 16.41% 16.41% 0.00%
lle-de-France (France) 15.53% 15.53% 0.00%
Portugal -14.88% -14.88% 0.00%
Attica (Greece) -16.04% -16.05% 0.01%
Kentriki Ellada (Greece) -34.83% -34.84% 0.01%
Nisia Aigaiou-Kriti (Greece) -89.99% -89.99% 0.04%

Notes Unskilled/skilled labour mobility across the NUTSegions within the EU15%( = oy = 10).

Table 3.9: The ten greatest % production increasafecreases in volume at the NUTS 1

level and the associated changes in the numbearddties N) and average production per

firm (Y)

SERV SERV K) SERV (Y)
Nisia Aigaiou-Kriti (Greece) 26.88% 18.65% 6.94%
Kentriki Ellada (Greece) 16.63% 12.25% 3.90%
Portugal 9.52% 8.62% 0.82%
Voreia Ellada (Greece) 8.44% 5.63% 2.66%
Attica (Greece) 7.30% 5.51% 1.70%
Bremen (Germany) 6.24% 0.73% 5.48%
East Austria (Austria) -3.68% -4.82% 1.20%
lle-de-France (France) -3.78% -4.03% 0.26%
Luxembourg -4.52% -8.83% 4.74%
Ireland -17.11% -17.98% 1.06%

Notes Unskilled/skilled labour mobility across the NUTSegions within the EU15%( = oy = 10).
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According to Table 3.7, Austria is affected muchha agricultural sector because
all three of its NUTS 1 regions (South Austria, Waastria and East Austria) are in
the first four positions of the ranking; however tbhanges are not very great
(between 1% and 2%).

In contrast, Table 3.8 and Table 3.9 show a vepngtreallocation of production
in manufactures and services with inverse pattiennsome NUTS 1 regions. Indeed,
two Greek NUTS 1 regions, Nisia Aigaiou-Kriti andemiriki Ellada, have the
highest positive values for production change irvises, respectivelp6.886 and
16.63%, and the highest negative values for pracluathange in manufactures,
respectively-89.9% and-34.836. Conversely, Ireland and Luxembourg have the
highest positive values for production change imuafiactures, respectiveB0.86%
and 33.95% and the highest negative values for productioangk in services,
respectively -17.11 and4.526. As in the subsection 2.7.2, these results ate no
intended to be realistic, because the labour nighdiprobably too high, but they are
a guide regarding the relevance of the assumpbontdabour mobility.

The outcomes do not differ substantially from thag#ained in the perfect

competition case. Concerning the number of vasghg and the average production

per firm (Y ) and unlike the previous subsection, it is usefuhdte that in both the
IND and SERV sectors the production changes arestlitompletely driven biX.
Thus, the labour mobility assumption modifies theight of these two variables on
the overall production change by sector.

Table 3.10 reports results for production changeolnme at the macro-area level
under the assumption of unskilled/skilled labourbitity between the NUTS 1
regions (EU15) and the Rest of Europe (REU) withmmEU27 §_= oy = 10). Table
3.10 confirms the results of Table 3.6 with the amant exception of the REU
macro-area, which clearly loses in the integratdablir market within the EU27.
Indeed, with respect to Table 3.6, the REU chanigesign of the IND % variation
(from positive to negative) and shows a greateres=es in the AGM and SERV
sectors (-1.28% and -2.10). This situation is catgy opposite to that observed in
the perfect competition case where the REU gaimedh fthe integrated labour
market within the EU27.
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Table 3.10: % production change in volume at thermarea level

ROW EU15 REU
AGM 0.27% -0.82% -1.28%
PRM -0.04% -0.17% 0.52%
IND -0.08% 0.68% -0.90%
SERV 0.24% 0.16% -2.10%

Notes Unskilled/skilled labour mobility between the NSTL regions (EU15) and the Rest of Europe
(REU) within the EU274_ = o4 = 10).

Tables 3.11, 3.12 and 3.13 display the resultsheften greatest (positive and
negative) changes in AGM, IND and SERV sectorsitier68 NUTS 1 regions. The
results of these three tables do not significaciiignge with respect to Tables 3.7, 3.8
and 3.9.

Table 3.11: The ten greatest % production decraasadume at the NUTS 1 level

AGM
South Austria (Austria) -1.60%
Ireland -1.47%
West Austria (Austria) -1.41%
East Austria (Austria) -1.33%
Portugal -1.19%
Luxembourg -1.12%
Attica (Greece) -1.08%
South (Italy) -1.01%
lle-de-France (France) -0.95%
Brussels-Capital Region (Belgium) -0.95%

Notes Unskilled/skilled labour mobility between the NSTL regions (EU15) and the Rest of Europe
(REU) within the EU274_ = oy = 10).
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Table 3.12: The ten greatest % production increasekecreases in volume at the NUTS 1

level and the associated changes in the numbearadties N) and average production per

firm (Y )

IND IND (N) IND (Y)
Ireland 40.40% 40.40% 0.00%
Luxembourg 34.98% 34.96% 0.01%
Brussels-Capital Region (Belgium) 25.67% 25.66% 1%0
Tle-de-France (France) 17.25% 17.25% 0.00%
West Netherlands (Netherlands) 16.91% 16.91% 0.00%
Portugal -14.09% -14.10% 0.00%
Attica (Greece) -14.66% -14.66% 0.01%
Brandenburg (Germany) -14.84% -14.84% 0.00%
Kentriki Ellada (Greece) -33.76% -33.77% 0.01%
Nisia Aigaiou-Kriti (Greece) -89.99% -89.99% 0.04%

Notes Unskilled/skilled labour mobility between the NSTL regions (EU15) and the Rest of Europe
(REU) within the EU274 = oy = 10).

Table 3.13: The ten greatest % production increasekecreases in volume at the NUTS 1

level and the associated changes in the numbearadties N) and average production per

firm (Y )

SERV SERV K) SERV (Y)
Nisia Aigaiou-Kriti (Greece) 26.95% 18.80% 6.86%
Kentriki Ellada (Greece) 16.37% 12.04% 3.86%
Portugal 9.40% 8.51% 0.81%
Voreia Ellada (Greece) 7.93% 5.16% 2.64%
Attica (Greece) 6.96% 5.19% 1.68%
Brandenburg (Germany) 6.79% 4.42% 2.27%
West Netherlands (Netherlands) -3.00% -3.47% 0.49%
Tle-de-France (France) -4.14% -4.39% 0.26%
Luxembourg -4.71% -8.98% 4.70%
Ireland -13.36% -14.26% 1.05%

Notes Unskilled/skilled labour mobility between the NSTL regions (EU15) and the Rest of Europe
(REU) within the EU274_ = oy = 10).
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As noted in the second chapter, the introductionunskilled/skilled labour
mobility within the EU15 and the EU27 determinesafier decreases in the AGM
sector and, not surprisingly, a larger productieallocation between the IND and
SERV sectors with respect to the labour immobiitgnario. Strongmplification
effects are observed in these two sectors for tH&]1 regions, which experienced
strong decreases or increases in the case of lewggKilled labour immobility.
Theseamplificationeffects occur because workers can now move totha@degions

where they receive a higher wage.
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3.4.3 Further interesting results

In this subsection | present further interestirguhes of the trade policy shock. In
order to assess the labour reallocation acrosNthéS 1 regions after the trade
policy simulation, in Tables 3.14 and 3.15 | repargration results, respectively, for
unskilled and skilled labour under the assumptidnuaskilled/skilled labour
mobility across the NUTS 1 regions within the EU15.

Table 3.14: Unskilled labour migration within th&) 5

Change iri_ supply

Ireland 2.12%
Luxembourg 0.99%
Brussels-Capital Region (Belgium) 0.87%
Tle-de-France (France) 0.60%
South Netherlands (Netherlands) 0.55%
West Netherlands (Netherlands) 0.52%
East Austria (Austria) 0.49%
Mecklenburg-Vor. (Germany) 0.43%
North Netherlands (Netherlands) 0.43%
Brandenburg (Germany) -0.39%
Community of Madrid (Spain) -0.44%
South (Spain) -0.49%
Centre (Spain) -0.49%
North West (Spain) -0.50%
Voreia Ellada (Greece) -0.51%
North East (Spain) -0.57%
Attica (Greece) -0.58%
East (Spain) -0.60%
Kentriki Ellada (Greece) -0.86%
Nisia Aigaiou-Kriti (Greece) -0.90%

Notes The 20 greatest % increases or decreases inleddiibour supply & = 10).
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Table 3.15: Skilled labour migration within the EJ1

Change irH supply

Portugal 3.04%
Nisia Aigaiou-Kriti (Greece) 1.91%
Kentriki Ellada (Greece) 1.71%
Attica (Greece) 1.18%
Voreia Ellada (Greece) 1.03%
East (Spain) 0.74%
Centre (Spain) 0.66%
North West (Spain) 0.65%
North East (Spain) 0.61%
South (Spain) 0.61%
Brandenburg (Germany) 0.55%
East Netherlands (Netherlands) -0.61%
North Netherlands (Netherlands) -0.66%
East Austria (Austria) -0.79%
South Netherlands (Netherlands) -0.86%
West Netherlands (Netherlands) -0.87%
Brussels-Capital Region (Belgium) -1.02%
Tle-de-France (France) -1.07%
Ireland -2.50%
Luxembourg -2.51%

Notes The 20 greatest % increases or decreases iacgkilbour supply of; = 10).

As in Tables 2.18 and 2.19, the NUTS 1 regionslayspg the highest sectoral
production reallocation also show the highest uleskskilled labour reallocation.
The labour reallocation follows an inverse patténnthese NUTS 1 regions
according to their sectoral specialisation. Fornesia, Ireland and Luxembourg
absorb unskilled labour because they have an iser@a the IND sector and a
decrease in the SERV sector after the trade shdule Wentriki Ellada and Nisia

Aigaiou-Kriti absorb skilled labour because theyéa decrease in the IND sector
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and an increase in the SERV sector after the ghdek. Basically, the results do not
change with the integrated labour market within Bwé27 for the NUTS 1 regions,
as it is shown in Table 3.16 and Table 3.17. Iregalinthese outcomes are very close

to those obtained in the case of perfect compatitio

Table 3.16: Unskilled labour migration within th&JE7

Change i supply

Ireland 1.75%
Luxembourg 1.14%
Brussels-Capital Region (Belgium) 0.84%
lle-de-France (France) 0.74%
West Netherlands (Netherlands) 0.62%
South Netherlands (Netherlands) 0.61%
East Austria (Austria) 0.53%
North Netherlands (Netherlands) 0.50%
East Netherlands (Netherlands) 0.46%
North West (Italy) 0.42%
Centre (Italy) 0.41%
North East (Italy) 0.40%
South (ltaly) 0.37%
South (Spain) -0.36%
North West (Spain) -0.36%
Attica (Greece) -0.40%
North East (Spain) -0.43%
East (Spain) -0.46%
Kentriki Ellada (Greece) -0.71%
Nisia Aigaiou-Kriti (Greece) -0.77%
REU (Rest of Europe) -2.12%

Notes The 20 greatest % increases or decreases inlledsldbour supplyd, = 10). REU change in
unskilled labour supply is also included.
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Table 3.17: Skilled labour migration within the EU2

Change irH supply

Portugal 3.12%
Nisia Aigaiou-Kriti (Greece) 2.02%
Kentriki Ellada (Greece) 1.77%
Attica (Greece) 1.18%
Voreia Ellada (Greece) 1.04%
East (Spain) 0.76%
Brandenburg (Germany) 0.70%
Centre (Spain) 0.68%
North West (Spain) 0.68%
South (Spain) 0.64%
North East (Spain) 0.62%
East Austria (Austria) -0.55%
East Netherlands (Netherlands) -0.57%
North Netherlands (Netherlands) -0.60%
South Netherlands (Netherlands) -0.77%
West Netherlands (Netherlands) -0.85%
Brussels-Capital Region (Belgium) -0.96%
lle-de-France (France) -1.12%
REU (Rest of Europe) -1.49%
Ireland -1.98%
Luxembourg -2.50%

Notes The 20 greatest % increases or decreases iedhi#bour supplyst; = 10). REU change in
skilled labour supply is also included.

The only notable exception is the Rest of EuropEUYR which is characterised
by unskilled/skilled labour emigration (-2.12% artl49%) while in the perfect
competition case, the REU was characterised by illedkkilled labour

immigration.
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As explained in the second chapter, welfare aralgannot be carried out at the

macro-area level. Therefore, | use a Laspeyrexitmevaluate the % change in the
overall value added at the NUTS 1 level. Table88,33119 and 3.20 display value

added changes corresponding to the three diffecantarios about labour mobility.

Table 3.18: The 20 greatest % value added increastecreases within the EU15

Change
Ireland 0.44%
Nisia Aigaiou-Kriti (Greece) 0.31%
Attica (Greece) 0.06%
Mecklenburg-Vor. (Germany) 0.05%
Portugal 0.04%
Kentriki Ellada (Greece) 0.03%
East (Spain) 0.03%
North East (Italy) 0.03%
North East (Spain) 0.02%
Community of Madrid (Spain) 0.02%
Flemish Region (Belgium) -0.02%
Brussels-Capital Region (Belgium) -0.02%
East Netherlands (Netherlands) -0.03%
South Austria (Austria) -0.03%
West Netherlands (Netherlands) -0.03%
South Netherlands (Netherlands) -0.03%
West Austria (Austria) -0.04%
North Netherlands (Netherlands) -0.04%
East Austria (Austria) -0.05%
Luxembourg -0.06%

Notes Unskilled/skilled labour immobility at the NUTSlé&vel within the EU154 = oy = 0).
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Table 3.19: The 20 greatest % value added increasdscreases within the EU15

Change
Nisia Aigaiou-Kriti (Greece) 3.48%
Ireland 2.84%
Kentriki Ellada (Greece) 1.90%
Portugal 1.35%
Attica (Greece) 0.94%
Voreia Ellada (Greece) 0.82%
East (Spain) 0.51%
North East (Spain) 0.40%
North West (Spain) 0.26%
Flemish Region (Belgium) -0.30%
Greater London (United Kingdom) -0.30%
Denmark -0.33%
North Netherlands (Netherlands) -0.35%
East Netherlands (Netherlands) -0.42%
Brussels-Capital Region (Belgium) -0.47%
East Austria (Austria) -0.51%
South Netherlands (Netherlands) -0.54%
West Netherlands (Netherlands) -0.70%
lle-de-France (France) -1.14%
Luxembourg -2.17%

Notes Unskilled/skilled labour mobility across the NUTSegion within the EU15{( = oy = 10).
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Table 3.20: The 20 greatest % value added increasdscreases within the EU27

Change
Nisia Aigaiou-Kriti (Greece) 3.60%
Ireland 2.27%
Kentriki Ellada (Greece) 1.96%
Portugal 1.50%
Attica (Greece) 0.98%
Voreia Ellada (Greece) 0.84%
East (Spain) 0.55%
North East (Spain) 0.44%
North West (Spain) 0.32%
Brandenburg (Germany) 0.31%
South (Spain) 0.29%
North Netherlands (Netherlands) -0.29%
Greater London (United Kingdom) -0.30%
East Austria (Austria) -0.31%
East Netherlands (Netherlands) -0.36%
Brussels-Capital Region (Belgium) -0.45%
South Netherlands (Netherlands) -0.46%
West Netherlands (Netherlands) -0.66%
fle-de-France (France) -1.20%
Luxembourg -2.13%

Notes Unskilled/skilled labour mobility between the NSTL regions (EU15) and the Rest of Europe
(REU) within the EU274 = oy = 10).
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The changes are small in the first scenario (lalimanobility) but not negligible
in the second and third ones (labour mobility witkhe EU15 and the EU27). The
NUTS 1 regions, characterised by a stronger praooluceallocation, are the ones
which experience the most important gains fromdradlicy reform in terms of
increase of value added (Nisia Aigaiou-Kriti, KekitiEllada, Ireland, Portugal) and
the most important losses from trade policy refonmerms of decrease of value
added (West Netherlands, Tle-de-France and LuxengpoAlso here, the outcomes
are close to those illustrated in the model wittfgu competition.

The changes in the trade patterns, i.e. the chandke sectoral imports and
exports at the macro-area level, are set out inegeh 21, 3.22 and 3.23 for the three

different scenarios.

Table 3.21: % Trade pattern change in volume afrthero-area level

ROW EU15 REU
AGM ROW 53.67% 19.11% 14.62%
AGM EU15 30.91% -5.25% 38.73%
AGM REU 44.39% 19.42% 18.75%
PRM ROW -0.12% -0.09% 0.00%
PRM EU15 -0.23% -0.19% -0.12%
PRM REU 0.72% 0.69% 0.78%
IND ROW -0.08% 0.19% -0.57%
IND EU15 -0.39% -0.12% -0.86%
IND REU 0.75% 1.02% 0.23%
SERV ROW -0.23% -1.09% 2.74%
SERV EU15 1.09% 0.22% 4.12%
SERV REU -4.70% -5.52% -1.83%

Notes The second column shows the exporting macro-#nedirst row the importing macro-area.
Unskilled/skilled labour immobility at the NUTS &vel within the EU154 = oy = 0).
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Table 3.22: % Trade pattern change in volume afrthero-area level

ROW EU15 REU
AGM ROW 53.66% 19.59% 14.61%
AGM EU15 30.77% -4.98% 38.57%
AGM REU 44.41% 19.93% 18.77%
PRM ROW -0.13% 0.54% -0.04%
PRM EU15 -0.83% -0.17% -0.75%
PRM REU 0.76% 1.39% 0.81%
IND ROW -0.11% 0.22% -0.68%
IND EU15 -0.18% 0.17% -0.73%
IND REU 0.76% 1.09% 0.16%
SERV ROW -0.23% -1.03% 2.80%
SERV EU15 1.08% 0.28% 4.16%
SERV REU -4.78% -5.54% -1.86%

Notes The second column shows the exporting macro-#nedirst row the importing macro-area.
Unskilled/skilled labour mobility across the NUTSegions within the EU1%{ = o4 = 10).

Table 3.23: % Trade pattern change in volume abthero-area level

ROW EU15 REU
AGM ROW 53.67% 19.57% 13.26%
AGM EU15 30.79% -4.98% 36.96%
AGM REU 44.72% 20.16% 17.61%
PRM ROW -0.12% 0.50% -1.32%
PRM EU15 -0.85% -0.22% -2.04%
PRM REU 1.64% 2.21% 0.36%
IND ROW -0.10% 0.26% -1.13%
IND EU15 -0.17% 0.21% -1.20%
IND REU -0.22% 0.13% -1.28%
SERV ROW -0.23% -0.99% 2.10%
SERV EU15 1.09% 0.32% 3.46%
SERV REU -5.23% -5.96% -2.99%

Notes The second column shows the exporting macro-dheafirst row the importing macro-area.
Unskilled/skilled labour mobility between the NUTSegions (EU15) and the Rest of Europe (REU)
within the EU27 §_= oy = 10).
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As in the perfect competition case (see Tables,2236 and 2.27 for a
comparison), the greatest variations occur in ti&VAsector. However, unlike the
perfect competition case, the changes in imposdsnat negligible also in the other
sectors at the macro-area level. For example, tBe Racro-areas decreases its
exports toward the EU15 and ROW by more than 4%han SERV sector. In
contrast, the EU15 macro-area increases its expmatard the REU and ROW by
more than 1% in the same sector. Therefore, time téitrade effect, which is driven
by the change in the demand at the macro-area leftel the agricultural
liberalization, is of benefit to the EU15 and ishe detriment of the REU.

Finally, welfare analysis is carried out at the maarea level. Table 3.24 lays out
the welfare gains measured in EV $ million under three different labour market

scenarios.

Table 3.24: Equivalent variation at the macro-desal

ROW EU15 REU
o. = on = 0 within EU15 -78925 1289 -6645
oL = on = 10 within EU15 -80526 4286 -6759
o. = on = 10 within EU27 -79522 8055 -11217

Notes $ million.

Under the assumption of unskilled/skilled laboumobility at the NUTS 1 level
within the EU15, the ROW loses about $78925 milli&EU loses $6645 million
and EU15 is the only winner because it gains $188&on. In the second scenario,
i.e. labour mobility within the EU15, the ROW los$80526 million, REU loses
$6759 million and EU15 gains $4286 million. Finallyy assuming an integrated
labour market within the EU27, the ROW loses $7962on, REU loses $11217
million and EU15 gains $8055 million. This pictuoé the welfare change is very
different from that obtained in the perfect compati case. In the perfect

competition case, the shock caused welfare gaues) & very limited, especially if
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compared to those obtained in other studies (HartdlKeeney, 2005; Bouet al,
2005). In addition, by assuming an integrated laboarket within the EU27, the
REU macro-area was the winner, while the EU15 macea was the loser. In the
imperfect competition case, the outcomes are redetthe EU15 wins and the REU
loses. Moreover and significantly, it is possildenbte that the tariff liberalization in
the agricultural sector causes a decrease in thalbwelfare at the world level in all
three labour market scenarios. This is a veryisgikesult but great caution should
be exercised because the outcomes could dependheoNWTS regional level
adopted to define the production structure, asadireunderlined in the second
chapter. However, in my model the hypothesis abthé perfect/imperfect
competition in the goods market is crucial for gamlg the welfare effect of trade
policy liberalization.

The welfare analysis is also carried out also lsgssing the change in the number
of varieties N) at the macro-area level according to the “loveariety” approach of
Krugman (1979). Tables 3.25, 3.26 and 3.27 conthienfact that in the Rest of the
world (ROW) the welfare also decreases in termsushber of varieties in all three
labour market scenarios.

Concerning the EU15 and REU, Tables 3.25, 3.2632d again show that the
EU15 is the winning macro-area while the REU is libeer. Indeed, by assuming
perfect labour immobility at the NUTS 1 level, thember of varieties for the EU15
decreases by 0.13% in the IND sector but increlgé&s09% in the SERV sector; in
contrast, the number of varieties for the REU iases by 0.22% in the IND sector
but exhibits a strong decrease in the SERV seé&dd@q%).

By assuming labour mobility at the NUTS 1 levek thumber of varieties for the
EU15 increases by 0.11% in the IND sector and by%. in the SERV sector; in
contrast, the number of varieties for the REU iases by 0.20% in the IND sector
but continues to exhibit a strong decrease in #R\Esector (-5.70%).

Assuming an integrated labour market within the EWRthe worst scenario for
the REU which experiences a decrease in both tBedhd SERV sectors (-0.79%
and -6.43%); in contrast, the EU15 shows increasdsoth the IND and SERV
sectors (0.12% and 0.17).
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These outcomes are consistent with the effectsadétpolicy liberalization on the
trade patterns and welfare measured in terms ovalgat variation.

It is possible to conclude that the distance betwtbe first best solution (perfect
competition) and a second best solution (imperéeehpetition) is appreciable in
terms of welfare, while the results for the productreallocation at the NUTS level

do not seem very different between perfect and rfepecompetition.

Table 3.25: % Change in the number of varietsat the macro-area level

ROW EU15 REU
IND -0.05% -0.13% 0.22%
SERV -1.15% 0.09% -5.59%

Notes Unskilled/skilled labour immobility at the NUTSlével within the EU154, = oy = 0).

Table 3.26: % Change in the number of varietsat the macro-area level

ROW EU15 REU
IND -0.07% 0.11% 0.20%
SERV -1.17% 0.14% -5.70%

Notes Unskilled/skilled labour mobility across the NUTSegions within the EU15%( = oy = 10).

Table 3.27: % Change in the number of varietisat the macro-area level

ROW EU15 REU
IND -0.06% 0.12% -0.79%
SERV -1.15% 0.17% -6.43%

Notes:Unskilled/skilled labour mobility between the NUTSegions (EU15) and the Rest of Europe
(REU) within the EU274_ = o4 = 10).
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3.5 Interpretation of the results

The previous section shows that imperfect competiinfluences the welfare
analysis and the production reallocation acrossose@t the macro-area level. At
first glance, the results at the NUTS 1 level dda ddfer very much between
imperfect competition and perfect competition.

In this section an in-depth comparison is carrietl to verify if the production
reallocation at the NUTS 1 level does not changehusing the perfect or imperfect
competition scheme.

Tables 3.28, 3.29 and 3.30 display the ten greétesliecreases or increases in
production at the NUTS 1 level for the AGM, IND a&ERV sectors in the two
schemes (perfect and imperfect competition) unieraissumption of perfect labour
immobility at the NUTS 1 level. The NUTS 1 regiossd the associated production
changes, which match each other, are reportedich bo

Table 3.28: The ten greatest % production decraasesiume at the NUTS 1 level
in the model with perfect competitiopd) and imperfect competitionc

AGM (po) AGM (ic)

South Austria (Austria) -2.47% South Austria (Austria) -2.68%
Ireland -2.15% lIreland -2.31%
West Austria (Austria) -1.95% West Austria (Austria) -2.13%
East Austria (Austria) -1.74% East Austria (Austria) -1.91%
Portugal -1.47% Portugal -1.71%
Attica (Greece) -1.44% Attica (Greece) -1.67%
Mecklenburg-Vo. (Germany) -1.19% Mecklenburg-Vo. (Germany) -1.33%
Northern Ireland -1.10% Voreia Ellada (Greece) -1.28%
Luxembourg -1.10% Northern Ireland (UK) -1.26%

Voreia Ellada (Greece) -1.10% South (Italy) -1.26%

Notes Unskilled/skilled labour immobility at the NUTSlé&vel within the EU154 = oy = 0).
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Table 3.29: The ten greatest % production increasedecreases in volume at the

NUTS 1 level in the model with perfegd) and imperfect competitionc]

IND (pc) IND (ic)
Ireland 7.02% Ireland 6.91%
South Austria (Austria) 2.99% South Austria (Austria) 2.97%
East Austria (Austria) 2.40% East Austria (Austria) 2.12%

Mecklenburg-Vo. (Germany) 2.10% Mecklenburg-Vo. (Germany) 1.93%
Brussels-Cap. Reg. (Belgium) 1.94% Brussels-Cap. Reg. (Belgium) 1.61%

West Austria (Austria) 1.55% West Austria (Austria) 1.42%

Luxembourg 1.06% Community of Madrid (Spain) -1.34%
Community of Madrid (Spain) -1.15% Attica (Greece) -1.53%
Attica (Greece) -1.38% Aland (Finland) -1.86%

Nisia Aigaiou-Kriti (Greece) -7.62% Nisia Aigaiou-Kriti (Greece) -8.62%

Notes Unskilled/skilled labour immobility at the NUTSlével within the EU15d, = o = 0).

Table 3.30: The ten greatest % production increasetecreases in volume at the

NUTS 1 level in the model with perfegid) and imperfect competitionc)

SERV §0) SERV (c)
Nisia Aigaiou-Kriti (Greece) 1.62%  Nisia Aigaiou-Kriti (Greece) 8.73%
Attica (Greece) 0.47% Bremen (Germany) 5.58%
Portugal 0.47% Saarland (Germany) 4.83%
East (Spain) 0.43% Luxembourg 4.43%
North East (Spain) 0.39% Kentriki Ellada (Greece) .1446
Mecklenburg-Vo. (Germany) -0.50%  North Nether. (Mgtands) 2.99%
East Austria (Austria) -0.59%  Northern Ireland (UK) 2.89%
West Austria (Austria) -0.63%  Voreia Ellada (Greece 2.70%
South Austria (Austria) -1.15%  Thuringia (Germany) 2.63%
Ireland -2.31%  Ireland -1.26%

Notes Unskilled/skilled labour immobility at the NUTSlé&vel within the EU154 = oy = 0).
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In the agricultural sector and manufactures nirggores out of ten match each
other. In services only two regions out of ten rhaach other; however, they are the
NUTS 1 regions which exhibit the greatest decremse the greatest increase. In
addition, in the SERV sector the sign of the praiducchange is always positive
with the imperfect competition scheme except feland. In contrast, the sign is
equally positive and negative with the perfect cetitipn scheme. An unexpected
result is the increase in the SERV sector of Nertheeland, which has a value of
the key parametex(ind/serv) i.e. the sectoral difference between the ratiothe
unskilled labour intensity to the skilled labourtansity in the IND and SERV
sectors, which is among the ten lowest valuesisfghrameter (see Tables 2.34 and
2.36). As reported in section 2.8, further channéts addition to the sectoral
difference between the ratios of the unskilled labimtensity to the skilled labour
intensity, are likely to work in determining thesiin the IND and SERYV sectors. It
is interesting to note that the increase in the \BE&ctor for the Nisia Aigaiou-Kriti
jumps from 1.62% in the perfect competition to 84/B the imperfect competition
while the decrease in the same sector for Irelafld from -2.31% to -1.26% (see
Table 3.30).

Tables 3.31, 3.32 and 3.33 display the ten greatesteases or increases of
production at the NUTS 1 level for the AGM, IND a&&ERV sectors in the two
schemes (perfect and imperfect competition) ungeassumption of labour mobility
across the NUTS 1 regions within the EU15. The NUTi®8gions and the associated
production changes, which match each other, ategbin bold.

In the agricultural sector and services eight negjiout of ten match each other
while in manufactures ten regions out of ten matelbh other. The increases are
amplified in the IND and SERV sectors moving frohe tperfect to the imperfect

competition scheme.
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Table 3.31: The ten greatest % production decradasesiume at the NUTS 1 level

in the model with perfect competitiopd) and imperfect competitioncy

AGM (pc) AGM (ic)
South Austria (Austria) -1.72%  South Austria (Austria) -1.77%
West Austria (Austria) -1.43% Ireland -1.64%
East Austria (Austria) -1.28% West Austria (Austria) -1.50%
Ireland -1.28% East Austria (Austria) -1.41%
Portugal -1.27% Portugal -1.15%
Attica (Greece) -1.22% Luxembourg -1.10%
Voreia Ellada (Greece) -0.95% Attica (Greece) -1.07%
Luxembourg -0.94% South (ltaly) -0.98%
South (Italy) -0.91% Brussels-Cap. Reg. (Belgium) -0.96%
Islands (Italy) -0.82% lle-de-France (France) -0102

Notes Unskilled/skilled labour mobility across the NUTSegions within the EU1%( = oy = 10).

Table 3.32: The ten greatest % production increasedecreases in volume at the
NUTS 1 level in the model with perfegid) and imperfect competitionc)

IND (pc) IND (ic)
Ireland 31.40% Ireland 50.86%
Luxembourg 23.33% Luxembourg 33.95%
Brussels Ca. Reg. (Belgium)  17.87%Brussels-Ca. Reg. (Belgium)  27.75%
West Nether. (Netherlands) 11.23%kEast Austria (Austria) 16.68%
East Austria (Austria) 11.19% West Nether. (Netherlands) 16.41%
Tle-de-France (France) 10.93%lle-de-France (France) 15.53%
Portugal -9.51% Portugal -14.88%
Attica (Greece) -10.24%Attica (Greece) -16.04%
Kentriki Ellada (Greece) -21.04%Kentriki Ellada (Greece) -34.83%

Nisia Aigaiou-Kriti (Greece) -90.00%Nisia Aigaiou-Kriti (Greece) -89.99%

Notes Unskilled/skilled labour mobility across the NUTSegions within the EU1%( = oy = 10).
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Table 3.33: The ten greatest % production increasedecreases in volume at the

NUTS 1 level in the model with perfegd) and imperfect competitionc]
SERV (©0) SERV (c)

Nisia Aigaiou-Kriti (Greece) 18.64% Nisia Aigaiou-Kriti (Greece) 26.88%
Kentriki Ellada (Greece) 7.53%  Kentriki Ellada (Greece) 16.63%

Portugal 5.61%  Portugal 9.52%
Attica (Greece) 3.56% Voreia Ellada (Greece) 8.44%
Voreia Ellada (Greece) 3.41% Attica (Greece) 7.30%
East (Spain) 3.25% Bremen (Germany) 6.24%
North East (Spain) 2.99% East Austria (Austria) -3.68%
East Austria (Austria) -3.19% lle-de-France (France) -3.78%
Luxembourg -6.06% Luxembourg -4.52%
Ireland -11.09% Ireland -17.11%

Notes Unskilled/skilled labour mobility across the NUTSegions within the EU1%( = oy = 10).

Finally, Tables 3.34, 3.35 and 3.36 display the tgeatest % decreases or
increases of production at the NUTS 1 level for A&V, IND and SERV sectors in
the two schemes (perfect and imperfect competitimer the assumption of labour
mobility between the NUTS 1 regions (EU15) and REithin the EU27 The NUTS
1 regions and the associated production changeghwhatch each other, are
reported in bold.

In the agricultural sector eight regions out of tematch each other, in
manufactures nine regions out of ten match eackr @hd in services seven regions
out of ten match each other. As in the labour nitylsicenario within the EU15, the
increases are amplified in the IND and SERV seatwosing from the perfect to the
imperfect competition scheme. An unexpected resuthe increase in the SERV
sector of Brandenburg, which has a value of the gawmetew(ind/serv) i.e. the
sectoral difference between the ratios of the uleskiabour intensity to the skilled
labour intensity in the IND and SERV sectors, whghamong the ten lowest values
of this parameter (see Table 2.34 and 2.36).
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Table 3.34: The ten greatest % production decradasesiume at the NUTS 1 level

in the model with perfect competitiopd) and imperfect competitioncy

AGM (pc) AGM (ic)
South Austria (Austria) -1.74%  South Austria (Austria) -1.60%
West Austria (Austria) -1.44% Ireland -1.47%
Ireland -1.30% West Austria (Austria) -1.41%
East Austria (Austria) -1.29% East Austria (Austria) -1.33%
Portugal -1.27% Portugal -1.19%
Attica (Greece) -1.22% Luxembourg -1.12%
Voreia Ellada (Greece) -0.94% Attica (Greece) -1.08%
Luxembourg -0.94% South (ltaly) -1.01%
South (Italy) -0.91% Tlle-de-France (France) -0.95%
Islands (Italy) -0.81%  Brussels-Cap. Reg. (Belgiurd).95%

Notes Unskilled/skilled labour mobility between the NSTL regions (EU15) and the Rest of Europe
(REU) within the EU274 = oy = 10).

Table 3.35: The ten greatest % production increasetecreases in volume at the
NUTS 1 level in the model with perfegd) and imperfect competitionc]

IND (pc) IND (ic)
Ireland 32.84% Ireland 40.40%
Luxembourg 23.34% Luxembourg 34.98%
Brussels Cap. Reg. (Belgium) 18.23%3russels-Cap. Reg. (Belgium) 25.67%
East Austria (Austria) 11.67%le-de-France (France) 17.25%
West Nether. (Netherlands) 11.24%West Nether. (Netherlands) 16.91%
Tle-de-France (France) 10.79%Portugal -14.09%
Portugal -9.65% Attica (Greece) -14.66%
Attica (Greece) -10.46%Brandenburg (Germany) -14.84%
Kentriki Ellada (Greece) -21.28%Kentriki Ellada (Greece) -33.76%

Nisia Aigaiou-Kriti (Greece) -95.00%Nisia Aigaiou-Kriti (Greece) -89.99%

Notes Unskilled/skilled labour mobility between the NSTL regions (EU15) and the Rest of Europe
(REU) within the EU274_ = oy = 10).
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Table 3.33: The ten greatest % production increasedecreases in volume at the
NUTS 1 level in the model with perfegd) and imperfect competitionc]

SERV (0 SERYV fc)
Nisia Aigaiou-Kriti (Greece) 19.64% Nisia Aigaiou-Kriti (Greece) 26.95%
Kentriki Ellada (Greece) 7.60%  Kentriki Ellada (Greece) 16.37%

Portugal 5.65%  Portugal 9.40%
Attica (Greece) 3.61% Voreia Ellada (Greece) 7.93%
Voreia Ellada (Greece) 3.48%  Attica (Greece) 6.96%
East (Spain) 3.29% Brandenburg (Germany) 6.79%
South Nether. (Netherlands) -3.05%  West Netherti@&&ands) -3.00%
East Austria (Austria) -3.34% Tle-de-France (France -4.14%
Luxembourg -6.08% Luxembourg -4.71%
Ireland -11.60% Ireland -13.36%

Notes Unskilled/skilled labour mobility between the NSTL regions (EU15) and the Rest of Europe
(REU) within the EU274_ = o4 = 10).

It can be said that the production outcomes aNit&S level do not differ greatly
between perfect and imperfect competition. In addjtthe introduction of the labour
mobility improves the likeness of the results betwéhe two schemes.

The reason, which can explain the likeness of tb@ 8lresults and the difference
of the results at the macro-area level betweerpéniect and imperfect competition
cases, is that the demand is specified at the raaemlevel (EU15 as a whole). As a
result, the aggregate demand effect of the shodh#ed across all the NUTS 1
regions according to their technology, i.e. themsity by which the NUTS 1 regions
use the input factors (especially the skilled anskilled factors as explained through
the stylised model). These intensities do not chdmgfween perfect and imperfect
competition. Therefore, the aggregate demand effetite shock, which in contrast
changes between perfect and imperfect competitoshared across the NUTS 1

regions in the same way. Thus, the interpretatwmnich was given in the second

150



chapter based on the sectoral difference betweenattos of the unskilled labour

intensity to the skilled labour intensity, remavragid.
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Conclusions

The aim of this work was to build a global CGE mloalethe NUTS 1 level for
trade policy evaluation. The model was appliedhe 68 NUTS 1 regions in the
EU15 mainly to assess the production reallocaticnoss sectors in each NUTS 1
region after a world tariff liberalization in aguiture. Nevertheless, it can also be
used to simulate other trade policy reforms accgrdo the special interest of the
researcher. Special attention is given to the emomanterpretation of the trade
policy effects. Indeed, a weak link of the CGE aawh is the poor economic
interpretation of the results.

The results at the NUTS 1 level are the followifitpe tariff liberalization in
agriculture has a strong effect in the Austrianaeg (East, West and South), Ireland
and Portugal in the AGM sector. However, all the T8J1 regions decrease
production in this sector. In the IND and SERV eexit is possible to note inverse
patterns of production at the NUTS 1 level. Indaéisia Aigaiou-Kriti, Attica and
Portugal show the greatest decreases in the INDrsedile Ireland, East Austria
and Luxembourg experience the greatest increagkisnsector. In contrast, Nisia
Aigaiou-Kriti, Attica and Portugal exhibit the gteat increases in the SERV sector
while Ireland, East Austria and Luxembourg show {reatest decrease in this
sector.

The stylised model allows the key parameter todderdhined for interpreting the
results. This parameter is the sectoral differebetveen the ratios of unskilled
labour intensity to skilled labour intensity. Indeeskilled labour and unskilled
labour can be considered as the source of thedgeteeity across the NUTS 1
regions. To summarize, trade policy strikes the A&Mtor and causes a production
decrease in the AGM sector for all the NUTS 1 regiofThe NUTS 1 regions, which
use unskilled labour in the AGM sector and skilladour in the IND and SERV
sectors more intensively with respect to the othEiTS 1 regions, are the regions
most affected in the AGM sector. The decrease @AM production, in turn,

determines a production reallocation and reduceslahour demand for unskilled
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labour. As a result, in general the unskilled fatbses (the wage goes down) and the
skilled factor wins (the wage goes up). Howeverth@ NUTS 1 regions which use
the unskilled labour in the IND sector and thelskilabour in the SERV sector more
intensively, the IND production decreases and SERWduction increases. In
contrast, in the NUTS 1 regions, which use the iileskand skilled factors in the
IND and SERV sectors by similar intensities, théldroduction goes up and the
SERYV production goes down.

The introduction of the labour mobility within tHeU15 and the EU27 causes
amplification effects for the NUTS 1 regions which experiencedng increases or
decreases in the IND and SERV sectors under thempd®on of perfect immobility
at the NUTS 1 level. In general, this hypothesis &a&trong impact on the outcomes
and determines unrealistic variations of the préidac in the services and
manufactures sectors after agricultural liberaiarat These results are not intended
to be realistic but are a guide regarding the eeiee of the assumption about labour
mobility.

The results at the NUTS 1 level are robust enougivden perfect competition
and imperfect competition. A possible explanatienhat the demand is specified at
the macro-area level (EU15 as a whole). As a rethdtaggregate demand effect of
the shock is shared across all the NUTS 1 regioosrding to their technology, i.e.
the intensity by which the NUTS 1 regions use thput factors (especially the
skilled and unskilled factors). These intensitiesndt change moving from perfect to
imperfect competition.

In contrast, the results at the macro-area levedngl greatly. Imperfect
competition influences inter-industry productioralfecation and welfare at the
macro-area level.

Concerning the welfare analysis, very limited gaare obtained from trade
liberalization with the perfect competition scheriibée welfare change is measured
in terms of equivalent variation. The world gairre déight under all three labour
mobility scenarios, especially if compared to thobserved in other studies (Hertel
and Keeney, 2005; Bouet al, 2005). In the third scenario, the integratdubia
market within the EU27, the EU15 loses and the BeBurope (REU) wins.
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With the imperfect competition the tariff liberadizon in the agricultural sector
causes a decrease in the overall welfare at thielwerel in all three labour market
scenarios. This is a very striking result but gattion should be exercised because
the outcomes could depend on the NUTS regionall ladepted to define the
production structure. Only the EUL5 benefits fromgri@ultural liberalization.
Concerning the integrated labour market within Bwé27, it can be noted that there
is an opposite outcome with respect the perfectpsdition scheme; indeed in this
case the EU15 wins and REU loses.

In the imperfect competition framework the welfamealysis can also be carried
out by assessing the change in the number of iegiett the macro-area level
according to the “love of variety” approach of Kmgn (1979). This analysis
confirms the fact that in the Rest of the world {WDthe welfare also decreases in
terms of number of varieties in all three labourrke& scenarios. Concerning the
EU15 and REU, the EU15 is again the winner whieeREU is the loser.

To summarize, the distance between the first balstisn (perfect competition)
and a second best solution (imperfect competitiomdelled by the Cournot-Nash
scheme, is appreciable in terms of welfare at theroyarea level, while the results
for the production reallocation at the NUTS leved aot very different between the
two schemes.

Let us now move on to a description of the possistéensions for further
research.

The focus of this model is on the production sideoncentrated my attention on
the skilled and unskilled factors at the NUTS lelellecause of data constraints.
Nevertheless other factors can be considered ardanidorder to make the analysis
more complete.

Another issues is the welfare analysis. The polgker is probably also
interested in assessing the welfare change at tH@SN1 level after a trade
liberalization. This implies the introduction ofrapresentative household in each
NUTS 1 region, as in the approach of Jean and ldgb¢2004). This, in turn,
requires much more data, for example, on consumpicome and savings at the

regional level. However, the lack of well suitedalto model the trade flows across
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the NUTS regions and between the NUTS regions hadther parts of the world
remains a serious constraint. Simplifying assunmptust be made.

A more detailed regional level (NUTS 2 or NUTS 8uld be developed even if
the computational tractability of the model shobéverified.

In this model an agricultural tariff liberalizan was implemented but only the
agricultural market access at the world level waalysed. | made this choice to
preserve the simplicity of the model in order tétéreunderstand its economic results
and to make the most of the MAcMap database, wivieh expressly created for the
computable general equilibriuranalysis. However, the protection of agricultuse i
very tricky, especially in the European Union, wheéhe Common Agricultural
Policy (CAP) plays an important role. Therefore, it cobl interesting to study the
interactions between the market access liberatizatiith the other pillars of trade
protection in agriculture: export subsidies, doneestipport and quotas.

A more technical development of the model concehes elasticity value of
migration in the CET functions within Europe. Asted, a high labour mobility
within Europe implies unrealistic production realtion between the IND and
SERV sectors. Common sense would suggest an d@lastdue closer to zero than
to ten. However, an econometric analysis would hbelgive a greater robustness to
the model. In addition, the econometric analysi®usth distinguish between
unskilled labour mobility and skilled labour mobyli

Other weak links of the CGE trade models, such 88Rsand MIRAGE, is the
full employment of the factors (especially labowa)d the exogenus aggregate
productivity. An attempt to incorporate endogenansmployment and productivity
in the model would be praiseworthy. The Melitz mo@003) allows for the
endogenous determination of aggregate producti®isyshown, two applications of
the Melitz assumption to CGE trade models existlisBari, Hillberry and
Rutherford (2007) and Zhai (2008). However, insgrtthese two variables at the
NUTS 1 level is a very difficult task in terms aditd requirements and computational

resources.
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Appendix 1: notation

i andj denote the sector € j)

nutandnut* denote the NUTS 1 regionsijt# nut*)

macandmac* denote the macro-areasi@cz mac )

Appendix 2: list of variables

Demand
DEMTOT; mac
PDEMTOT mac
PYimac
BUDCmac
UTmac

PUTmac

Cimac

PGimac

KGimac
PKGimac
Di,mac

PDimac

Mi mac

PMi mac

DEM; mac,mac*
PDEM mac,mac*
PINI; jmac

DVAR mac

Total demand
Price of total demand

Marginal cost

Budget allocated to consumption

Utility

Price of utility

Consumption

Price of consumption

Capital goods

Price of capital goods

Domestic demand

Price of domestic good

Aggregate imports

Price of aggregate imports
Demand in macro-areaac* of goodi produced irmac
Price in macro-areaac* of goodi produced irmac
Price of intermediate inputs in macro-arescproduced
in sectori and sold to sectgr

Domestic demand for variety produced in maceamac
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PDVAR mac

Price of variety produced imacand sold irmac

DEMVAR macmacx Demand in macro-areaac* for variety produced imac

PDEMVAR macmac+Price of variety produced macand sold irmac*

EPD;mac

Epl,mac,mac*

SDTimac
SM,mac,mac*

S-ﬁ,mac,mac*

Production
VA nut

PVA nut
AINI; nut
PAINI; nut

INI i,nut,nut*

Linut
PLnut
TE nut
PTE nut
RN nut
PRN nut
Qinut
PQinut
Kinut
PKmac
Hi nut
PHnut
Ni,nut

Perceived price elasticity in markeacfor domestic variety
Perceived price elasticity in macro-araac* for variety
produced irmac

Share of domestic demand over total demamaaia
Share of imports in macro-ameec* of goodi produced in
macover total imports omac*

Share of imports in macro-ameeac* of goodi produced in

macover total demand aghac*

Value added

Price of valued added
Aggregate intermediate inputs
Price of aggregate intermediate inputs
Intermediate inputs

Unskilled labour demand

Price of unskilled labour

Land demand

Price of land

Natural resources demand
Price of natural resources
Fictive factor demand

Price of fictive factor

Capital demand

Price of capital in macro-aresac
Skilled labour demand

Price of skilled labour

Number of varieties
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Factor markets

HSUPnut
LSUPnut

Skilled labour supply
Unskilled labour supply

Macro-economic closure

INVimac
PINVmac
REVnac

Investment
Price of investment

Income

Appendix 3: list of parameters

Demand

aCi mac
aKGimac

@D mac

aMi mac

alMPi mac,mac

ATR,mac,mac*

VAR

CMIN mac

Coefficient of consumption in LES-CES function
Coefficient of capital goods in CES function

Coefficient of domestic good in CES Armingtéumnction
Coefficient of aggregate imports good in CE&Afunction
Coefficient of imports frommacto mac*in CES imp. function
Ad valorentariff rate applied bynac* and paid bynac

Elasticity of substitution of consumption
Elasticity of substitution of capital goods
Elasticity of substitution of intermediate inpu
Armington elasticity of substitution

Elasticity of substitution across imports
Elasticity of substitution across varieties

Minimum consumption in LES-CES function
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Production
aVA’,nut
oAINI; nut
alNIij nut
oL nut

oTE nut
aRN nut
aQi nut

oK nut

oHi nut

JVA

JCAP

fCi nut

Factor markets

al St
aHSut
g,
g

KSURnac

HTOTSURac
LTOTSURsac

RNSURnut
TESURut

HTOTSURuy.7
LTOTSURuY27

Coefficient of value added in Leontief function

Coef.
Coef.
Coef.
Coef.
Coef.
Coef.
Coef.
Coef.

of aggregate intermediate input in Ledrftiaction

of intermediate input in aggr. interm.unCES function
of unskilled labour in valued added CH#fction

of land in valued added CES function

of natural resources in valued added GEStion

of fictive factor in valued added CES fiioic

of capital in fictive factor CES function

of skilled labour in fictive factor CESniction

Elasticity of substitution across primary inputs

Elasticity of substitution between capital akdlad labour

Fixed cost in imperfect competition scheme

Coef.
Coef.

of unskilled labour in unsk. labour sypPET function

of skilled labour in skilled labour sup@¥T function

Elasticity of migration in unsk. labour sup@¥T function

Elasticity of migration in skilled labour suggCET function

Capital supply at macro-area level

Skilled labour supply at macro-area level

Unskilled labour supply at macro-area level

Natuaral resources supply at NUTS level

Land supply at NUTS level

Skilled labour supply at macro-area level in Bu27

Unskilled labour supply at macro-area level iea BEU27

Macro-economic closure

SaVmac
BALmac

Exogenous saving rate

Current account balance surplus
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Appendix 4: list of equations

Equilibrium in the goods market (perfect competitian):

Z Yi,nut = Dl,mac+ z DEI\/II mag mat

nutdmac matz mac

Equilibrium in the goods market (imperfect competiton):

> Y,..= DVAR Y. DEMVAR .. et

I mac
nutTmac matZz mac

Demand

Total demand:

DEMTOTmac c‘;mac-l- KGlmaC z z INIii”Ut

nutdmac |

LES-CES constraint for consumption:

minPUT__UT Z PC, o{ Ci e cminy )

1-1/0e — . 1-1/0¢
t' Tmac c Z a I, mac( | mac_ Cm”] ma)

Budget allocated to consumption:

BUDCm ZP I, mac |mac
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CES constraint for capital goods:

minPINVTOT,,. INVTOT,,.=>. PKG,.. KG,,

1-1/okG

st INVTOT.J7 =Y a KG . KG pae

Armington CES function:

min PDEMTOT, .. DEMTOT, .= PD.c Diact PM mac Mi e

f'mac — mac

1-10 pgy =110 pgy 10 pry,
S't' DEMTOTC =a I:i),mac I:?,malc ta Mi, macMi mac
CES imports function:
min I:)I\/Ii,maclvli,mac: z PDEMLmaC, macDEM,imac ma
mackZ mac

St M™ = Y aIMP, .. oDEM | o

i,mac Jimag mac
mac# mac

Varieties (imperfect competition):

1-1/0ypg 1-1/0 g
z Ni,nut DEMVAR,maC = DEM,mac
nutimac
1-1/0ypg 1-1loyar
z Ni,nut DVAR,mac = D|,mac
nutmac

Mark-ups (imperfect competition):

(z Ni,nut} EPDl,mac+ ! = ! B ! + ! __1 SDT,mac
nutdmac UVAR UVAR UARM g ARM g G
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(A7)

(A.8)

(A.9)

(A.10)

(A.11)



1 1
| nut | ,mac, ma(f = - +
nutDmac VAR JVAIR g IMP

(A.12)
+ - 1 SI\/II ,mac, mac¢ + 1 1 S-lJ- magc méc
J|MP ARM JARM ac
Market-shares (imperfect competition):
PD-I; mac DI mac
SDT,. = (A.13)
’ PDEMTOT, .. DEMTOT, ..
_ PDEM, DEM,
SMi ,mac, mad FI)mMaC e M e I (A14)
i,mac* i, maé
ST — PDEMl mac, ma¢ DEMJ mag mac (AlS)
MM PDEMTOT, 0 DEMTOT, .
Price of domestic good (perfect competition):
PDi,mac = PYi,mac (A'16)

Price of variety produced macand sold irmac(imperfect competition):

PYI mac
PDVAR,, = ——m (A.17)
1+EPD

I,mac

Price in macro-areaac* of goodi produced irmac(perfect competition):

PDEM, = PY, pod 1+ ATR e mad) (A.18)

I,mac, ma¢ ~ J ma
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Price of variety produced macand sold irmac* (imperfect competition):

_ I:)Yi,mac

(1+ ATE\),maq mac)
PDEMVAR e ma =1 £ (A.19)

i,mac, mac¢

Production

Leontief technology (perfect competition):

AINI

i, nut

MiNPY, . Y..= PVA, VA.+ PAINI

i,mac 'i,nut — i, nut

St Yo =aVA. VAL =a AINJ., AINI (A.20)

n, i,nut

nuttd mac

Leontief technology (imperfect competition):

mln Ni,nut PYi,mac( Yi,nut+ Cf, nut) = Pvehut Vﬁut-'- PA”\“nut A”\“nul
st Ny (Yot Cfon) = VA, VA, =a AINI, AIN],, (A.21)

nutd mac

CES value added technology:

minPVA VA = Pl bt PQuy Quet PTRw TRu+ PRN: RN
S't V’%:LLJ{G/A = a I'i',nut ]rl/UVA + a Q,nut Q;WleA + a TE,nut TE,TWMVA-'- a RNIUI RNKVA

T;nut ut ut

(A.22)

CES fictive factor technology:

min PQ,nth,nut = PHnut Hi,nut+ F>Kmac Ki nut

~1/o, —_ I-1lo rlo
St nut N=a Hi,nut Hi,nut Fra Ki,nut Ki,nut . (A23)
nut] mac
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CES technology of aggregate intermediate input:

min PAINI, , AN, =" PINI | NI

i, j,nut

j,nut i,jnut

st AINELTY = aINIL o INEE e (A.24)

nutl] mac

Zero profit condition to determine the number of vaieties at the NUTS level:

( I:)Yi,mac DEMVAFi\,)mac mat P,Ymac DVARmaﬂ _
i,nut -

1+EPR o mae 1+ EPD; . (A.25)
=PVA VAt PAIN] . AIN|
Equilibrium in the factor markets:
Equilibrium in the capital market:
KSUR.= D> D Ko (A.26)
nutdmac i
Equilibrium in the land market:
TESUR, = Tk, (A.27)
Equilibrium in the natural resources market:
RNSUP,, = RN, (A.28)

165



Unskilled labour supply (CET function):

Lsup, =— 5w Phu | 1oTsup. (A.29)

e z aLSnut P Ubt

nutdmac

Equilibrium in the unskilled labour market:

nut

LSUP :Z L e (A.30)

Skilled labour supply (CET function):

Hsup, =—IMw Pl roTsyp. (A.31)

e Z aHSﬂutPLL;TJt

nutdmac

Equilibrium in the skilled labour market:

nut

HSUR, =Y H . (A.32)

Unskilled labour supply in the integrated labourrkea within the EU27 (CET

function):

Lsup, =— T Phu_ roTsyp,, (A.33)

e z aLSnut PL‘rT]bt

nutJEU27
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Skilled labour supply in the integrated labour nedrkvithin the EU27 (CET

function):

HSUR, =T Pt (iro7syp (A.34)
z aHs,, P,

nutJEU27

Macro-economic closure

Investment:

REV,_ say..= PINV, INV, (A.35)

mac
Income of the macro-area:

RE\A’]&C+ BAITnaC:
=y Z[ATF(i, ma&, mac DEMad,mac:|+

mac# maclil PC

+ > ZiATRi, mag, mag . mj DEMVAR. mac}

mac# macll | nufl mac

+ Z Z( I:)I'nutlﬂ',nut + I:)HnutLi, nut+ F>KmacK,i nut+ PTEI nutTE,‘ nut+ RN nut RI\I'r‘IL)

nutdmac i

(A.36)
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