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MIRAGE, UPDATED VERSION OF THE MODEL FOR TRADE POLICY ANALYSIS

SUMMARY

The possible failure of negotiation in the Doha Round emphasizes how complex and con-
troversial the stakes of trade policies are. Numerous new preferential agreements are in
project, while the future of multilateral liberalisation remains unclear. In this context, de-
livering a rigorous and detailed quantitative analysis of a large scope of trade agreements is
most useful, for policy-makers as well as for the public debate.

The MIRAGE model, devoted to trade policy analysis, builds on a twenty-five-year-old
heritage of research in computable general equilibrium models and intends to take a new
step toward a better analysis of trade policies. It describes imperfect competition and hor-
izontal product differentiation in a rather standard fashion, but with an original calibration
procedure, allowing the available information to be used more efficiently. The modelling
is done in a sequential dynamic set-up, where installed capital is assumed to be immobile,
even across sectors. Therefore, capital reallocation only results from the combined effect of
depreciation and investment. It makes it possible to describe the adjustment lags of capital
stock, and the associated costs. The model uses the GTAP 6.x database (see Dimaranan and
Mac Dougall, 2005). In order to improve the description of trade policies main transmission
channels, MIRAGE has three main distinctive features:

e FDIs are explicitly described, with a modelling both theoretically consistent (with
agents’ behaviour and with domestic investment setting), and consistent with the
empirical results about FDIs” determinants and their order of magnitude.

e A notion of vertical product differentiation is introduced by distinguishing two qual-
ity ranges. Even though it remains rudimentary, this assumption is a first step toward
taking advantage, in applied modelling, of the empirical progresses achieved in this
domain during the last decade.

e Trade barriers are described by the MAcMap database (see Bouét, Decreux, Fontagné,
Jean and Laborde, 2004), that provides with a measure of ad-valorem tariffs, ad-
valorem equivalent of specific tariffs, tariff quotas and anti-dumping duties, at the
bilateral level, for 137 countries with 220 partners. Preferential agreements are taken
into account in a quasi-exhaustive way. This information, available at the level of the
5,113 products of the HS6 classification, is used to describe the initial level of trade
barriers, but also to build scenarios. Assumptions concerning the changes in these
barriers can thus be made at the product level. Only then are these data aggregated in
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the model’s nomenclature, according to a procedure designed to limit the extent of
the endogeneity bias. As aresult, MIRAGE is based on a description of trade barriers
that, besides its precision, preserves the bilateral dimension of the information.

The present version of the model includes a few more specific features concerning agri-
cultural sectors to adequately reflect trade policy changes: export subsidies variations in the
European Union are computed considering the intervention price mechanism. Production
quotas, land imperfect allocation across different crops, capital and land subsidies are also
modelled. Labour forces are distinguished between agricultural and non agricultural labour
types and supposed imperfectly mobile. The modelling of such mobility depends on the
level of development of a region.

The dynamic framework has also been improved. The reservoir of labour is adjusted
with respect to the United Nations forecast and the growth of the total factor productivity is
computed to match the World Bank economic growth forecast. For developing countries,
the migration from rural areas to urban areas is taken into account. These features should
enable to better assess trade policy effects, especially in agricultural sectors.

ABSTRACT

MIRAGE is a multi-region, multi-sector computable general equilibrium model, devoted to
trade policy analysis. It incorporates imperfect competition, horizontal and vertical product
differentiation, and foreign direct investment, in a sequential dynamic set-up where installed
capital is assumed to be immobile. Adjustment inertia is linked to capital stock reallocation.
MIRAGE draws upon a very detailed measure of trade barriers and of their evolution un-
der given hypotheses, thanks to the MAcMap database. The most recent version, presented
in this document, offers improvements in the modelling of agriculture policy and dynamics.

JEL classification: D58; F12; F13; Q17.
Keywords: computable general equilibrium model, trade policy, agriculture, dynamics, for-
eign direct investment, imperfect competition.
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MIRAGE, VERSION MISE A JOUR DU MODELE D’ANALYSE DES POLITIQUES
COMMERCIALES

RESUME

Les menaces d’échec des négociations du Cycle de Doha montrent combien les intéréts en
jeu des politiques commerciales sont complexes et sensibles. De nombreux accords bilaté-
raux sont en cours de discussion et I’avenir du multilatéralisme reste incertain. Dans un tel
contexte, évaluer de facon précise et détaillée les conséquences des différents scénarios de
politique commerciale constitue un défi de premier ordre pour appuyer les négociateurs et
nourrir le débat démocratique.

Le modele MIRAGE, dédié a I’analyse des politiques commerciales, s’est construit sur
un héritage de 25 années de recherche sur les modeles d’équilibre général calculable. 11
incorpore la modélisation de la concurrence imparfaite et la différenciation horizontale des
produits dans un cadre dynamique. Les réallocations de capital sont uniquement modélisées
par effet combiné des flux d’investissement et de la dépréciation des stocks de capital. Le
modele s’appuie sur la base de données GTAP dans sa version la plus récente.

Plusieurs caractéristiques du modele permettent d’affiner 1a modélisation :

— Les flux d’investissement direct a 1’étranger sont représentés a I’année de calibrage et
varient en fonction des rendements du capital par secteurs et par régions que le modele
calcule.

— Une différenciation verticale des produits a été introduite pour tenir compte de 1’im-
pact des différents niveaux de qualité des produits sur le comportement de demande.
Cette prise en compte s’appuie sur les résultats obtenus lors de travaux récents sur
cette question.

— Une base de données a été construite sur les droits de douane afin de disposer d’une
description harmonisée de 1’équivalent ad valorem des droits appliqués aux différents
produits. La base MAcMap (voir Bouét, Decreux, Fontagné, Jean et Laborde, 2004)
tient ainsi compte des droits spécifiques, ad-valorem, des contingents tarifaires, ainsi
que des droits anti-dumping au niveau bilatéral pour 137 pays et 220 partenaires en
prenant en compte la quasi-totalité des accords préférentiels. Cette information, rendue
disponible au niveau SH6 (5 113 produits) permet de décrire les variations des droits
au niveau des produits et de réagréger seulement ensuite les données au niveau de la
nomenclature du modele, tout en préservant la dimension bilatérale de I’information.

La version du modele présentée ici comporte par ailleurs plusieurs améliorations récentes
de la modélisation des politiques agricoles. Les subventions aux exportations sont calculées
pour I’Union Européenne en tenant compte du mécanisme des prix d’intervention. Les quo-
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tas de production, la mobilité imparfaite de la terre et les subventions agricoles a la terre et
au capital ont également été modélisés. Les marchés du travail agricole et non-agricole ont
été représentés avec une mobilité imparfaite entre les deux réservoirs et des mécanismes
différents suivant le niveau de développement des régions.

Le cadre dynamique a lui aussi été amélioré. La disponibilité du facteur travail est réajus-
tée en fonction des prévisions des Nations Unies et la croissance des productivités globales
des facteurs est calculée a partir des projections de croissance de la Banque Mondiale. Pour
les pays en développement, la prise en compte de la migration entre réservoir de travail rural
et réservoir de travail urbain compléte ces projections. Tous ces aspects devraient permettre
de mieux évaluer I’effet du changement dans les politiques commerciales notamment dans
le domaine agricole.

RESUME COURT

MIRAGE est un modele d’équilibre général calculable multi-sectoriel et multi-régional,
destiné a 1’analyse des politiques commerciales. Il incorpore des éléments de concurrence
imparfaite, de différenciation des produits par variétés et par gammes de qualité, et d’inves-
tissement direct a 1’étranger, dans un cadre dynamique séquentiel ol le capital installé est
supposé immobile. Les inerties d’ajustement y sont liées a la réallocation du stock de capi-
tal. MIRAGE s’appuie sur une mesure bilatérale tres détaillée des barrieres aux échanges et
de leur évolution sous différentes hypotheses, grace a la base MAcMap. La version la plus
récente du modele, présentée dans ce document, comporte des améliorations concernant la
modélisation dynamique et la représentation des politiques agricoles.

Classification JEL : D58 ; F12; F13; Q17.
Mots Clefs : modele d’équilibre général calculable, politique commerciale, agriculture, dy-
namique, investissement direct a 1’étranger, concurrence imparfaite.
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Notes:
Good i refers to the output of sector ¢
The time dimension of variables has been omitted

Type u regions correspond to regions exporting products of the same quality as those from
the region s. Type v regions correspond to regions exporting products of different quality.

Local demand refers to demand of products on the local markets of countries in region r.
Trade between countries within a region r is considered in DEMU ; ., ;

Substitution elasticities are linked by the following relationships o apy — 1 = vV2(0gro —
:omp —1=V2(0arm —1);ovar — 1 = V2(ormp — 1)

Figure 1: Demand nesting for good i
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possibility of extending arable land is considered, by means of a global supply function for
land, characterised by a constant elasticity to land return. This global factor is distributed
across productions based on the assumption that it is a Constant Elasticity of Transformation
(CET) function of land demands; this assumption introduces an imperfect mobility of land
across uses. Installed capital and natural resources are sector-specific, so that their rates
of return may vary across sectors and regions. Labour is perfectly mobile within two sets
of sectors in each country, corresponding to agricultural production on the one hand and
non agricultural production on the other hand. It is imperfectly mobile between these two
sets of sectors and is immobile across countries.” In the standard version of the model,
labour mobility across the two sets of sectors is represented through the assumption that
total labour is a CET bundle of two labour types.

Production of good 7 in region r
Y,

ir

Leontief ‘

Intermediate consumption Value Added
IC, VA,

<GFso > <GEso >

[ [ 1 [ I I 1

Good 1 Good j Good J Unskilled Labor Land Natural Resources || Skilled Labor
Ic;,, IC;;, IC,, L, T, RN, and Capital
Skilled Labor Capital
Hi, Kir

Figure 2: Structure of sector’s i production function

The production function is described in Figure 2. In a standard fashion, perfect com-
plementarity is assumed between value added and overall intermediate consumption. The
sectoral composition of the intermediate consumption aggregate stems from a CES func-
tion, with the same elasticity as in the corresponding CES-LES for final consumption. Then,
for each product, the geographical origin of the product is based on the same nesting as for
final consumption, meaning that the sector bundles for final and intermediate consumptions
share a same structure by origin.® Value added is a CES function of land, natural resources,

"Factor market rigidity, particularly Labour market rigidity, can affect the impact of liberalisation
processes (McKibbin, 1999).
8Based on the idea that firms collect information about products more easily than consumers,
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unskilled labour and a CES bundle of capital and skilled labour. This structure is intended
to take into account the well-documented skill-capital relative complementarity. The elas-
ticity of substitution within the capital and skilled labour bundle is assumed to be lower
(0.6) than the elasticity between this bundle and other factors (1).°

2.3 Imperfect competition

The need to consider imperfect competition and economies of scale when assessing the
consequences of trade liberalisation episodes has been widely documented (see for instance
Norman, 1990). However, some sectors, such as agriculture and transport,'? are generally
considered to be perfectly competitive with constant returns to scale.

Oligopolistic competition is thus assumed to hold in the other sectors, with horizontal
differentiation of products and increasing returns to scale, in the line of Krugman’s (1979)
theoretical model and of Smith and Venables’ (1988) applied partial equilibrium model.
The specification in MIRAGE is very close to that used by Harrison, Rutherford and Tarr
(1997). Each firm produces its own and unique variety. The marginal production cost is
constant at given factor prices, and production involves each year a fixed cost, expressed
as a fixed quantity of output. Within each sector of each region, firms are assumed to be
symmetrical. They compete in a Cournot-Nash way, i.e. they suppose that their decisions
of production do not affect the volume of production of their competitors. Moreover they
rule out the possibility that their production decision may affect the global level of demand
through a revenue effect (the so-called Ford effect). However, firms take their market power
into account: following the Cournot-Nash assumption, their decisions can influence the
sectoral or infra-sectoral price index (given the above-defined demand structure). From the
absence of strategic interaction implied by the Cournot-Nash hypothesis, it follows that the
mark-up is given by the Lerner formula:

11 _ f)'i,r,s _ 1
07,8 Mci,r 1_ pl

i,7,8

Where ; s is the mark-up applied in region s by each firm of sector i producing in region
r, P is the corresponding price, MC is the marginal cost of production (which does not

Mercenier (1992) assumes that substitution elasticities are higher within intermediate consumption
than they are in final consumption. However the lack of empirical basis has led us not to adopt this
assumption.

9Value added is thus a Cobb-Douglas function of the bundle and the other factors. However, it
can be replaced by a general CES formulation for sensitivity analysis purposes.

10The transport sector plays a specific role: it covers both regular transport activities, that are
demanded and can be traded like any other service, and international transport of commodities. The
latter is a Cobb-Douglas bundle of regional supplies, and accounts for the difference between fob
and cif values of traded goods. The same bundle is used for any route. It is used proportionally to
the volume of the product transported, in a proportion that varies with the product and the route.
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depend on the market). Time subscript ¢ has been omitted for all variables, for greater

convenience. ef s 18 the price-elasticity of demand, as perceived by the firm based on the
above-mentioned assumptions (see formula at the end of the document); it increases with
the elasticity of substitution between good i varieties produced in country r (this elasticity

is a higher bound for ¢ ) and with the elasticity of substitution between good i baskets

,7,8
from region r and from other regions; it is a decreasing function of the number of firms in
sector i of region r, and of the global market share of region r’s producers taken together in
the region s’s market for good i. This endogenous determination of firms’ mark-up (already
present, in a generic form, in Krugman, 1979), allows the pro-competitive effect of trade
shocks to be accounted for.

This formulation requires three types of parameters, describing respectively products
substitutability, scale economies and competition intensity. Since these parameters are
linked by the zero-profit condition in each sector, only two of them are usually drawn from
external sources, and the third one is calibrated. This method is not fully satisfactory, either
in terms of consistency or of robustness. This is why a different method is used in MIRAGE,
that takes advantage of the whole available information for these three sets of parameters,
not only about their value, but also concerning their variance. Once external estimates are
collected for the three parameters, their calibrated values are jointly determined such as to
minimise their distance from these estimates, subject to the consistency constraints imposed
by the model. The inverted variance is used as a weight in calculating this distance, so as to
make the adjustment borne more strongly by parameters the less precisely estimated.

Changes in the number of firms are also an important matter: it affects competition and
therefore will have an impact on markup rates, particularly when the number of varieties is
small; it is also important through the preference of firms and final consumers for variety.
In MIRAGE, the number of varieties adjusts at each period to match a zero profit condition.

2.4 Capital, investment and macroeconomic closure

Whatever its origin, a unit of capital invested in a given region is a bundle, obtained using
the same CES nesting structure as for intermediate consumption. However, the product
composition of both bundles differs, according to the data, while the composition by geo-
graphical origin for each product is unique.

Installed capital is assumed to be immobile. This confers investment an important role,
as the only adjustment device for capital stock. This putty-clay hypothesis is important,
because it implies, along with the investment specification described below, that capital
stock adjusts gradually.!! The sectoral allocation of capital can thus be sub-optimal, and
the corresponding loss interpreted as an adjustment cost for the economy. In addition, these
assumptions imply that the rate of return to capital varies across sectors after the initial year.

Note, however, that there is no technological difference between capital generations.

14
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As far as trade policies are concerned, investment is also important through its cross-
border component, that is FDI. In many models, among which the GTAP one (see Hertel,
1997), international financial flows result from the assumptions of perfect capital mobility
across countries and sectors. This modelling is micro-founded, but it induces unplausibly
high cross-border capital flows. On the other hand, directly using the results of econometric
estimates for parameterising an ad-hoc relationship would give more realistic results, but it
would lack theoretical consistency.

This is why an original modelling of FDI is used here, aiming at combining empirical re-
alism and theoretical consistency. The latter objective requires, in particular, that domestic
investment’s setting be consistent with FDI’s one, and that savings allocation behaviour be
rational. In this context, the rate of return to capital is a natural determinant of investment
sharing across sectors and countries. It is noteworthy that this rate of return incorporates
the influence of many FDI determinants identified in the empirical literature, (see for ex-
ample Chakrabarti, 2001, for a recent survey) such as market size, growth rate or market
potential.!? As a consequence, these determinants need not be taken into account, over and
above the sectoral rate of return to capital. Practically, a single generic formalisation is used
for setting both domestic and foreign investment. It stems from allocating savings across
sectors and regions, as a function of the initial savings pattern, of the present capital stock
and of the sectoral rate of return to capital, with an elasticity a:

K K aWX
Ps Ii,r,s o Ai,r,sPs Ki,se “e
o aW X
Sr > Ai,r,s’Ps[’(Ki,s’e R

1,8’

where PX stands for the price of capital good in region s, S,. for country 7 savings, 1; s for
country r representative agent’s investment in the sector ¢ of country s, K; ; for installed
capital stock, A; s for a calibrated parameter, ng for the capital remuneration rate in
sector i of country s. Parameter « sets the adjustment speed of capital stock.'®> The capital
good used in a given region is the same, whatever the investing country.

Introducing an endogenous variable B, as:

— Sr
= K
22 A s PIK g0

,5

B,

allows the problem to be rewritten as follows:

2Part of the issues related to FDI are left aside though, as some mechanisms would be better
addressed by a model of the multinational firm (see for instance Markusen and Venables, 2000).

13Since « cannot be calibrated, two static models were built, corresponding to a short run and a
long run version of MIRAGE. We applied the same shocks to both of them and chose « so that half
the adjustment of capital stocks towards the long run would be made in around 4 years, for a variety
of small commercial shocks. It led to the value: o = 40.
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aWX
Ii,r,s = BrAi,T,sKi,se ©s

ZPSKIi,r,S = Sr
,8

Foreign owned firms are treated as domestic firms in all respects. The only difference is
that the capital revenue goes back to the source country. By changing the number of firms,
FDI may have an influence on productive efficiency. Nevertheless, it is worth emphasizing
that FDI is not assumed to originate any technological spillover here. Although some em-
pirical studies have shown that such spillovers may arise, they are neither systematic nor
robust enough to be taken into account in a model aimed at studying a large scope of trade
policy shocks.

It is noteworthy, in addition, that product quality is assumed to depend only on the region
of production. This contrasts for example with Petri (1997), who assumes that foreign
affiliates produce the same quality as their parent company. In this framework, also adopted
by Hanslow and alii (2000), and Lee and van der Mensbrugghe (2001), FDI liberalisation
induces quality upgrading in developing countries, originating significant gains. Though
interesting, this mechanism is not supported by robust enough empirical results.

2.5 Labour market

An optional feature enables to consider developing countries as dual labour market eco-
nomies, with an urban labour market that is distinct from a “traditional” market in rural
areas (Lewis, 1954; Harris and Todaro, 1970). This approach is limited to unskilled labour.
The modern sector (industry and services) pays an efficiency wage to unskilled workers.
This wage is independent from labour supply and is indexed on price inflation. The primary
sector (i.e. agriculture), by contrast, relies on a fixed quantity of labour that is paid at its
marginal productivity.

This assumption derives from the high level of underemployment observed in rural areas
of many developing countries. That situation allows rural workers to answer to any labour
demand in the formal urban sector, while being replaced at their position in the agricultural
sector. The choice of the “Lewis” option has therefore to be made only when it is con-
sidered as appropriate. This is the case for instance for countries like China or Vietnam,
as well as for many African countries. This mechanism however does not correspond to
all developing countries: for instance Latin American countries are characterised by rather
modern agricultural sectors that do not fit with this description.

The transfer from the rural to the urban sector implies an increase of the labour remu-
neration. In this option, wages are thus not calibrated to unity any more. On the contrary
we rely on GTAP data and FAO statistics to compute the relative wages ratio. Migration

16



MIRAGE, Updated Version of the Model for Trade Policy Analysis

from rural to urban regions in the baseline scenario is also quantified based on the FAO
projections.

This specification provides a simple way to account for a hidden unemployment in devel-
oping countries, and to depart from the standard assumption of exogenous unemployment
levels used in most CGE models.

In other countries (i.e. developed ones and the developing countries which do not cor-
respond to the “Lewis” features), labour is considered imperfectly mobile between agricul-
tural activities and other sectors, and migration is represented by a Constant Elasticity of
Transformation function with an elasticity of 0.5.

2.6 Agriculture modelling specific features

This updated version of MIRAGE includes new features implemented for a better descrip-
tion of the agricultural sector specificities.

Farm support: Subsidies are introduced on output, land and capital. They are assumed
proportional to the volume of output or factor. Market price support is explicitly modelled,
through the endogenous subsidisation of exports.!* The WTO ceilings cap the correspond-
ing subsidised exports, and reaching the ceiling entails an endogenous adjustment of the
market price that can be guaranteed. Production quotas are also explicitly modelled, and
originate rents. Some of the (semi-decoupled) EU direct payments are treated as subsidies
to the animal capital. Some others are treated as subsidies to land. The fully decoupled
ones are supposed to have no impact on the markets. Land set-aside is taken into account
in the US and the EU.

Export subsidies: In order to model changes in the European Union trade policy, inter-
vention prices have been introduced for agricultural exports. When activated, intervention
prices make exportation subsidies endogenous with three possible behaviours on the mar-
ket:

1. when the internal price is higher than the intervention price, no export subsidies are
used.

2. when the internal price becomes lower than the intervention price, subsidies are given
to producers in order to sustain production prices at the intervention level. Export
subsidies distribution across regions is kept proportional to the one observed in the
reference year. If there was no subsidy in the base year, this distribution is homoge-
neous.

14 Actually market price support is supposed to be achieved through the combination of tariffs,
export subsidies and inventories, but there is little margin of manoeuvre on tariffs, and inventories
are intended to address short term fluctuations in the market but are not a sustainable answer to the
kind of structural changes that MIRAGE is used to quantify.
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3. when subsidized exports from the European Union come to exceed a sectoral WTO
limit, the model ensures that exports are contained at the WTO level.

For countries other than the EU or for sectors not concerned by intervention prices, the
subsidy rate is set exogenous.

Land imperfect mobility: Land mobility across agricultural sector is assumed to be
imperfect. Land supply behaves as an isoelastic function of the real return to land (Lee and
van der Mensbrugghe, 2001). Regions are accordingly classified either as land-constrained
or not, and different values of supply elasticities are assumed. '’

2.7 Dynamic set-up

Adapting to a trade policy shock is neither immediate nor costless. Dynamics are thus
useful, in order to be able to study the corresponding adjustment period, i.e. the short- and
medium-run impacts. In addition, a number of effects are dynamic, in the sense that they
are intrinsically linked to an accumulation or evolution process. Such effects are difficult to
take into account in a static framework. They are mainly twofold: on the one hand, trade
policy may modify the capital stock in the economy, through its impact on income or on
the savings rate (see e.g. Baldwin, 1989); on the other hand, it may influence human capital
and technology. Each of these two kinds of effects is likely to reach far higher orders of
magnitude (for gains as well as for losses) than static effects, as evidenced for example
by the results of Baldwin (1989, 1992) or of Francois, Mac Donald and Nordstrom (1995)
concerning capital accumulation, and those of Baldwin and Forslid (1999) or of the World
Bank (2001) as to introducing a technological externality linked to trade openness.

Now, empirical studies do not allow a definitive and robust conclusion to be reached
about the existence of such growth effects (see e.g. Fontagné and Guérin, 1997, for a
survey of this literature). In this context, a cautious approach is necessary, in order to pre-
vent results from depending overwhelmingly on dubious (or at least not well-grounded)
assumptions. This is why no technological externality linked to trade is introduced in MI-
RAGE, and why the savings rate is assumed to be constant over time in each region. Note,
however, that capital accumulation is still influenced by income changes, that are propor-
tionately transmitted to savings, and by the net balance of FDIs, which can be affected by
the trade policy scenario.

The model’s dynamics is exclusively of a sequential nature: the equilibrium can be solved
successively for each period. Time span can be freely chosen, usually around 15 to 20 years.
Except for capital, the growth rate of production factors is set exogenously and the technical
progress is calibrated in order to fit GDP forecast.

15The values of the elasticities are similar to those used in the LINKAGE model, i.e. 0.25 for
land constrained countries and 1 for other countries. We thank Dominique van der Mensbrugghe
for providing us information and advice on this point. The transformation elasticity of land mobility
across sectors is set to 0.5.

18



MIRAGE, Updated Version of the Model for Trade Policy Analysis

At each period, labour, land and the number of varieties adjust instantaneously to match
the objectives assumed in the model. By contrast, capital stocks only adjust through invest-
ment, so that rates of returns vary across sectors after the base year. Even though the model
does not include any explicit adjustment cost, capital allocation may become strongly un-
optimal in the case of a strong shock applied to the economy. Then, the relative rigidity
of the capital distribution across sectors induces implicit adjustment costs, as compared to
what comes out of a perfect capital mobility assumption.

2.8 Baseline

In order to compute more precisely the effects of trade policy changes, a baseline has been
constructed for the model. Basically, population and GDP projections are used to compute
the trajectory of the technological progress in this baseline. To determine this parameter,
other data are taken as exogenous:

o the initial levels of skilled and unskilled labour force in each region of the model are
those of the GTAP database,

e the structure of the labour force (ratio of skilled to unskilled) is assumed to be con-
stant over time as default for all regions,

e the growth rate of the labour force in each region is taken from the World Bank
projections of population,

e the annual growth of GDP in each region is taken from the World Bank projections.
The annual growth of Total Factor Productivities (TFPs) by country is first computed
endogenously. The figures are then taken as exogenous variables and put into the
model.

19
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3 Conclusion

The MIRAGE model makes a synthesis of the main recent developments of CGE models
applied to trade policy analysis, and it proposes several innovations. It describes compe-
tition imperfections, horizontal product differentiation, delays and costs of adjustment. It
introduces a notion of product quality, in order to improve the analysis of competition, and
of trade diversion when necessary. It proposes an explicit, consistent and realistic descrip-
tion of FDIs. It provides adequate tools to model specificities of the agricultural sectors.
Lastly, it is based on a very detailed and complete measure of trade barriers. However, the
model has been conceived for a variety of applications, the specificities of which may call
for modifications, additions or subtractions, to the database as well as to the specification
of the model.

What is new in 2007 version of MIRAGE?

The recent contributions to the evolution of the model improve the quality and precision of
new assessments thanks to:

e a more reliable representation of agricultural market mechanisms and agricultural
supply (intervention prices, subsidies, land supply)

e an improved baseline describing more precisely the evolution of TFPs and factors
endowments thanks to GDP and population projections provided by the World Bank

e new labour market specifications with distinction between rural and urban sectors
and modelling of migration effect for developing countries

Future research tracks

A number of further developments would be useful in the near future:

o the description of quality is rudimentary. More in-depth work would help taking
advantage of the empirical studies about vertical product differentiation in trade and
country specialisation along quality ranges;

e FDIs modelling received special attention, in order to combine theoretical and empir-
ical consistency. It is an important step, but it would be worth trying to incorporate in
the model some recent developments of the multinational firm theory (e.g. Markusen
et Venables, 2000);

e similar structural models are applied to different economies. Doing otherwise would
be difficult, in a world-wide model devoted to varied applications. Nonetheless, this
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is a strong assumption, and it could be useful to implement more flexible options to
describe specific economic mechanisms, in particular for developing countries;

This list is far from exhaustive, given the wide variety of trade policy topics and of the
methodological problems they raise. MIRAGE aims at constituting an efficient tool devoted
to the quantitative analysis of trade policy shocks, taking into account in a satisfactory and
robust way their main systematic transmission channels, in order to enlighten the public de-
bate, as well as policy makers. Doubts are frequently expressed as to the adequacy of CGE
models to such objectives, this kind of model being accused of providing an oversimplified,
if not oriented, vision of the economies, and in particular of the consequences of a trade
liberalisation. But a model is no more than the quantified expression of a number of well-
identified, robust mechanisms. The relevant point is about the way it is used. CGE models
simulations are not an ending point, that would give a definitive answer to the question
of the impact of a given trade policy decision. It is on the contrary a starting point mak-
ing it possible, based on (often complex) protection scheme changes, to deliver a synthetic
numbering of their main impacts. The interpretation then requires a well-suited analysis,
taking into account the problems tackled, and the important mechanisms not included in
the model.

This is the reason why the choices made in conceiving MIRAGE were guided by the will-
ingness to take into account only those mechanisms that proved to be robust and systematic.
This cautious choice allows the simulation results to be considered as a solid working basis,
the ins and outs of which are well identified.
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Appendix: Elements on the structure of the model

1 Notations

The ¢ and j indices refer to sectors, r and s refer to regions, ¢ to periods.

Superscripts for prices P refer to the related variable.

U(s) is the subset of countries in the same development level as region s and V (s) is the
subset of countries with a different level of development.

Agri(i) is the subset of sectors from agriculture.

17 refers to transport sectors and r gy refers to the European Union regions.

The reference year is indexed with .

2 Parameters definition

OVA; OCAP; OC OIc OkG  Substitution elasticities of factors and goods demand

OGEO; OARM; OIMP; O VAR,

CmMAn,; 5
epa,
Mirs

6,

DDi,r,s,t

MazExpSub
tazp;

7,7t

taxce; s taxice; s tamkgci7s

taxAMF; ,
TsubK;
TsubTE;

ij,r

mmoy; ,

Quota; .4
o

L .Q . TE . RN
7’[,7‘ 71’,7" ’Yi,r ’Yi,r

4]

Pr,t
aAxXxXX

PGF,,

Minimal consumption of good ¢ in the final demand of region r
Saving rate in region r

Transport demand per volume of good

Value share of region r transport sector in the world production
of transport

Ad-valorem tariff rate applied by regions s on its imports from
region r

Maximum level of subsidized exports authorized by the WTO
Tax rates applied on production, final consumption, intermediate
consumption and capital good

Export tax rate equivalent to the Multifibre Arrangement
Subsidy rate on capital

Subsidy rate on land

Fixed cost per firm, in units of output (imperfectly competitive
sectors)

Mark-up average

Maximum production in sectors where quotas hold

Elasticity of investment to capital return rate

Value share of factors in value added (Cobb-Douglas)
Depreciation of capital

Population growth rate of region r (World Bank data)

Various share and scale coefficients in CES or Cobb-Douglas
functions

Total factor productivity
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3 Variables definition

Production

Yirt Output of sector ¢ firms

VA rt Value added

CNTER; Aggregate intermediate consumption

Factors

Qirt Aggregate of human capital and physical capital

L,y Unskilled labour

LAI it Total Unskilled labour in agriculture

fﬁttA g Total Unskilled labour in sectors other than agriculture

TE; ¢ Land

RN; ¢ Natural resources

H; 4 Skilled labour

Kirst Capital stock from region r to region s in sector ¢

KTOT; ¢ Total capital stock in sector 7 and region 7

Ly Total supply of unskilled labour

TE,; Total supply of land

H,y Total supply of skilled labour

Ky Total supply of capital

Demand

BUDC,; Budget allocated to consumption

UT, Utility

P, Price of utility

Cirt Aggregated consumption

IC; Intermediate consumption of good 7 used in the production of
Sector j

INVTOT, Total investment in region r

INV st Investment from region r to sector ¢ in region s

Byt Investment scale coefficient

KG; .y Capital good demand of sector 7 in region r

DEMTOT; ;¢ Total demand

DEMU; 4 Total demand, in region r, of good originating from regions with
the same development level as region r (including local demand
in region r)

DEMV ;.4 Total demand, in region r, of good originating from regions with
a different development level from region r

D; Domestic demand of good ¢
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DVAR; .+ Domestic demand of good ¢ produced by each firm of region r

M; 4 Total demand, in region 1, of good ¢ originating from regions with
the same development level as region r other than region r

DEM; s+ Demand, in region s, of good ¢ originating from region r

DEMVAR; v s+ Demand of good ¢ produced by each firm of region r

Transportation

sector

TRADE; ;. st Exports to region s of industry 4 in region r

TR; st Transport demand

MONDTR; Transport aggregate

Pl Transport of commodities price

TRM; . Supply of international transportation sector ¢ in region 7

Monopolistic

competition

EP; ;4 Perceived price elasticity of total demand

EPD; .+ Perceived price elasticity of domestic demand

NB; ;¢ Number of varieties in imperfectly competitive sectors

SDU; 54 Market share of domestic demand in demand of regions with the
same level of development as region r

SDT; st Market share of domestic demand in total demand

SE; st Market share of imports from region 7 in imports of region s orig-
inating from regions with the same level of development

SUirsit Market share of imports from region r in demand of region s for
goods from regions with the same level of development

SVirsit Market share of imports from region 7 in imports of region s orig-
inating from regions with a different level of development

ST rst Market share of imports from region 7 in demand of region s

Tax revenue

RECPROD; .,
RECDD; .,
RECCONS, .
RECEXP; .,
RECTAX,,
RQUOTA
REV,,
SOLD.,.,
PIBMVAL,

2,7,8,t

Revenue of production tax
Revenue of tariff

Revenue of consumption tax
Revenue of exports tax

Total tax revenue

Implicit transfers due to quotas
Regional revenue

Current account balance

Total GDP in value
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GDPVOL,; Regional GDP

Prices

and taxes

PpXXX Generic notation to indicate the price of the variable XXX

Pﬁlsp ‘ CIF price

Pf?t Intervention price (European Union only)

wk Capital return rate in region 7

Wit Capital return paid to the investor

WT?;E Land return rate in region r

WZTTb; Land return rate paid to the owner

TAXEXP; ;64 Export tax rate

TAXREF; ;4 Aucxiliary variable to adjust TAXMOY to its proper level while
keeping unchanged the distribution across destinations

TAXMOY ;v Average export tax rate across destinations
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4 Equations of the model
4.1 Supply

Determination of supply results from the following optimization programs:

Leontieff relation between value added and intermediate consumption:

Imperfect competition

min NB; ;. P (Yigs + cfi,) = Py VAiy + PEVTPRCNTER; .y (1)

2,r,t
st. NBiyi(Yips + cf i) = a)2 VAigy = alNT*RCNTER; .0 (2)

ai,r

Perfect competition

min _Pi};"t}/iﬂni = _sziﬁ VAi7r7t + ‘Plvc’;l]:\t[TER CNTERZ?”‘7t + 'Plft’?‘%()ta Quotaiﬂ”yt (3)
st. Yip=alA VA = aSNTPRCNTER; 4)

For sectors where quotas hold (perfect competition only):

Yire = Quota, ., )

Factor demand

min PY4 VA; e = Pl Lipy + P2 Qine + PLGTE vy + PENRN vy (6)

2,r,t v 2,7t 2,m,t

s.t. (CES option)

VA 1——1 11 11 11 11
i)yt VAL TVA,; Q TVA; RN TVA; TE TVA;
<PGF t> = iplipy " Ha5Qi T ai BN g, TR,
T?
(7
or s.t. (Cobb-Douglas option)
L Q TE RN ,
VAi,r,t = Ai,rPGFT,tLi,r,t%‘rQi,’r,t’yz’T TEi,r,t%’r RNi,T,t’YZ’T (7 )
and
. K H
min P2, Qire = P KTOT: v + Pl Hiry ®)
1——1 1——1 1 —1
TCAP; K TCAP; H TCAP;
s.t. Qi,r,t t = ai,rKTOTi,r,t s ai,rHi,r,t ‘ (9)
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The capital stock in region s is described by:

KTOTiwi = Kirst (10)
T

Comment: in this model, production quotas have been introduced. For the associated sec-
tors, production is equal to the quota and an additional income, equal to P2“" Quota

i,r,t 2,7t
is drawn from the quota.

4.2 Demand

Determination of demand results from the following optimization programs:

LES-CES (first stage)

min Py UTyy = Y | P (Ciy — cmini,) (11)

[
_ 1 _ 1

st UTy' 70 =Y a$,(Cipy — cming,)' 76 (12)
[

BUDC,; = Z PS.Cira (13)
7

P, = PREMTOT (1 + tazec;, ) (14)

PEG = pPEMTOT (1 + tagkge, ) (15)

DEMTOT; s = Cipe+ Y _ICijri+ KGiry (16)

j

Groups of regions (second stage)

min PLEMTOT DEMTOT, .y = PREMYDEMU, .y + PREMY DEMV 0y (17)

2,r,t 2,r,t 2,m,t
1 1 1

17 - p—
st. DEMTOT, ;"% = oPPMUDEMU. 9% 4+ oPEPMV DENMY . 79%%  (18)
1,7t 2,7 2,7, 2,7 1,7t

Armington (third stage)

: DEMU D M
min Pi,r,t DEMUimt = Pz',r,tDiJ‘,t + Pi,r,tMi,T,t (19)
1-—1 -1 1——1
9ARM; _ DEM 9ARM; M 9ARM;
st. DEMU,, ., =a;, " D;,., """ +a;, M, , ’ (20)
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Regions (fourth stage)
For foreign regions with the same level of development:

min P M; o= > PRIV DEM,, .,

,8,t 2,1,8,t
relU(s)
1-—1 1-—-1
9IMP; IMP TIMP;
s.t. vat = E Qs DEMimS’t
relU(s)

For foreign regions with different levels of development:

min PMYDEMV o0 = > PPENDEM,

7,8,t ,7,8,t
reV(s)
1-—1 1-—-L
oIMP; IMP oIMP;
st. DEMV, " = S oMPDEM,
reVv(s)

Varieties (fifth stage)

1

1—
DEMVARi,r,s,t = DEMi,ﬁs,tNBL VAR;

r,t

1— 1
PDEM — PDEMVARNB- 9VAR;

1,7,8,t 1,7,8,t 2,7,
1— 1
9VAR;
DVARizs7t - Dizs7tNB7:,S,t ’

1— 1
pP  — pPVARNp  7VAR

,8,t 7,m,t 2,8,t
Intermediate consumption
IC _ pDEMTOT —
Pz‘,j,r,t =P (1 + tazice; jr)
. pCNTER Ic
min PENPRONTER 0 = Y PlS, 10 0
i

1—-—L1
e IC. . °lc

7,rt ©,7,7 ©,5,7,t

1— L1
st. ONTER. °'¢ :Za
7

Capital good

min P/YVTOT INVTOT,, = PKIKG .,

2,7,
1

(2
1——1_ 1—-1_
st. INVTOT,," ¢ =Y afYKG, %

@7 2,7,
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(25)
(26)
(27)
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(29)
(30)

€1y
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Commodity market equilibrium

Imperfect competition

Yirs = DVAR;y; + > DEMVAR; ;. (34)
S
TRADE; st = NB; i DEMVAR; s+ (35)
Perfect competition
Yirs =Dipe+ Y DEM;,s; (i ¢ TrT) (36)
S
Yiror ot = Digurrt + Z DEM i p,r st + TRM iyt (37)
S
TRADE; ;s = DEM s (38)
Transport sector
Transport demand
TRi,T,s,t = Mi,rs TRADEi,r,s,t (39)
MONDTR; =Y TRi (40)
7,8
Transport supply
Pi};r:m",t(l + taxpiTTTJ,) TRMiTrTﬂ”»t = aiTrTﬂ“PtTMONDTRt (41)
MONDTR,; = a” [[ TRM i,y i% v (42)
T

4.3 Factor market

Labour market
Developed countries: labour allocation between agricultural and non agricultural sectors

Agri\ OL
Agri LAgriS Pr%t o
L = gL - (43)
7t
notAgri\ OL
notAgm' LnotAgrif ’I’I,/t
L =b Ly | ——— (44)
r,t r s T
Pr,t
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Developing countries: dual labour market

P1?r7t0 Ci,T‘,tO
[ notAgri [ notAgri Pi’c;-i ZJ: PJ'C:VT,tO Cj*’"vtO
Pr,t = Pr,t,Ref PC’ (45)
i i,r,Ref
Agri _ y Agri

Lr,t - Lr,t,Ref (46)
where Lf'ztﬁé’? and Lftg%e ; are the baseline (Ref) labour supply exogenously calculated

from migration flows in FAO data.

notAgri . L - .
Pl ges  is computed endogenously from Lf%é’;z in the baseline.

Labour market (both cases)

P;f,«,t _p TL,/tAgri L,étgm' Ty rl:tnotAg’ri LZEMQM (47)
Land market
W5 = PP + Py TsubTE; ;4 (48)
Land supply
WETE,, =Y WIETE, (49)
7
TEyy = TBry (W)™ (NB: W, = 1) (50)
Land allocation
TEiyi = by TEy (WTE;> B (51)
: WE

Full use of factor endowments

Lt = >0 Lin (52)
JEAgri(j)
LZ(;tAgTi _ Z Lj,r,t (53)
JEAgri(j)
TEyy =Y TEju, (54)
J
Hop=> Hj (55)
J
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Comments:

e In comparison to the standard model, the agricultural version distinguishes between
two types of unskilled labour: agricultural labour and non agricultural labour. A
partial mobility between these two types of labour is allowed through a Constant
Elasticity of Transformation supply function. Within each category, labour is per-
fectly mobile.

e A duality of labour has been assumed in developing countries: an efficiency wage
scheme determines the level of wages in non agricultural sectors and the correspond-
ing labour demand, while labour demand in agricultural sectors is exogenous. The
efficiency wage is set such that the purchasing power of non agricultural wages re-
mains unchanged after the shock.

4.4 Revenues

For imperfectly competitive sectors:

DEMVAR; s+ NB;,+DVAR;
O :PY NB 2,T,S, 1,7, 2,7,
i,mt ( it ZS: 1+ EP; st 1+ EPD; 4
— (PYAVA; 4 + PENTPRONTER, ..y (56)

Comment: this corresponds to the zero profit condition allowing to compute the number of
firms.

Tax revenue from imperfectly competitive sectors

DEMVAR; NB; ,.+DVAR;
RECPROD; s = ta:z:pimpg/r’t (NB@H Z i,7,8,¢ I it z,r,t)
S

1 + EPi,r,s,t 1 + EPDi,r,t
RECEXP; ;4 = (1+ tazp; )P}, NBj s (57)
DEMVAR; v s+
TAXEXP; taxAMF; —_— 58
Tax revenue from perfectly competitive sectors
RECPROD; .y = taap; , P} Yiru (59)
RECEXP;,, = (1 + tazp,,)P),,
« Y (TAXEXP; ;o1 + taxAMF; ;o) TRADE; ;o4 (60)

S
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For both sectors

RECDD;yy =Y DDjy s PG TRADE; ;.4 (61)
™
RQ Uo TAr,sﬂf = Z TQ vo TAi,r,s,tPi,c;{it TRADEi,T,S,t (62)
i€ TQUOTAO
RECCONS,; s+ = EggMTOT(taxcci,sCi,s,t + tazkge; s KGi o4
+ Z tazz‘cci,j,s,tICiyj@t) (63)
J

RECTAX,; =Y RECPROD; ., + RECEXP;,

(2

+ RECDD; s + RECCONS, ., (64)
Savings

BUDC,; = (1 — epa,)REV 4 (65)

Factor mobility
pL, =PH" (i e Agri(i)) (66)
Ph,=PE™" (i ¢ Agri(i) (67)
Pl = pIF (68)
P, =plh (69)

4.5 Prices definition

Sale price (imperfect competition)

PRI = POT(1+ DDigsy) (70)
DVAR _ P} (1 + taap;,) o
bt 1+ EPD; 4
CIF price (imperfect competition)
PY,
PYT = (1 + tazp,,)(1 + TAXEXP; 54 + tasAMF; g 4) ————— + i r.s P
Y ' 1+ EPi,r,s,t
(72)
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Sale price (perfect competition)

PREM = PG\ (1+ DDiysy) (73)
pPh, =P (1 + tap,,) (74)

CIF price (perfect competition)

PSE, = (1 + taap;,)(1 + TAXEXP;y sy + taxAMPF ;s )P + pins B (75)

2,7,8,6 T 7

4.6 Imperfect competition

Determination of market shares

PD Dz s,t
SDU .= Z7S7t 199 (76)
1,8, PiggMUDEMUi,s’t
PD Dz s,t
SDT — Z7S7t 19 77
et T pDEMTOT DEMTOT; 4, 77
PPEM DEM
SEi,r,s,t _ z,r,s,}fw 4,7,8,t (78)
Pi,S,tMias»t
PPEM DEM ;
SUi,r,s,t = E’EEtU Lt (79)
F)i,s,t DEMUlyszt
PPEM DEM ;
SVimst = Spperm (80)
Pi,s,t DEMVZ?'s?t
PREM DEM,
Shz r,.s,t — DE]J[’;’S;’ Lret (81)
T Py DEMTOT;
Mark-up in domestic markets
1 1 1 1 1
NBi,r,t(EPDi,T,t + ) = |: - :| + |: - :| SDUi,r,t
OVAR; OVAR, OARM, OARM; OGEO;
1 1
+ { - ] SDT iy (82)
OGEO; o¢;
Mark-up in foreign markets in countries with the same level of development
1 1 1 1 1
NBi,r,t(EPi,r,s,t + ) = |: - :| + |: - :| SEi,ns,t
OVAR; OVAR;  OARM; OIMP;  OARM;

1 1 1 1
+ |: - :| SUi,r,s,t + |: - :| Shz',ns,t
OARM; OGEO; OGEO; e/
(83)
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