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Abstract 

 

The Southern Cone countries have gone through a multidimensional structural change process 
in the last 25 years. The redefinition of the limits between public and private spheres and the 
movement towards higher trade liberalization, both general and preferential, appear to be the 
central transformations carried out in the region. As a consequence of these developments, the 
incentive system governing economic activities experienced a substantial modification which 
was not neutral across sectors. Under these circumstances, we should expect changes in 
specialization patterns of those countries involved. This paper examines the evolution of 
production and trade specialization in Mercosur countries (Argentina, Brazil, and Uruguay) and 
Chile and evaluates its degree of persistence and the implied long-term trends. It uses the 
distribution dynamics approach developed by Quah (1993) to study income convergence and 
recently used by Proudman and Redding (1997,1998) and Redding (2002) to analyse trade and 
production specialization. There is evidence of increased overall production specialization. 
Results also suggest that trade patterns show a tendency towards decreased overall specialization 
and that a mixed picture prevails regarding regional trade specialization. It has risen for 
Mercosur members and has declined for Chile. Further, there is considerable mobility in 
specialization patterns. Moreover, there are similarities in the dynamics of production and 
regional trade patterns between Argentina and Brazil, but, at the same time, substantial 
differences with respect to, and between, Chile and Uruguay, especially over longer transition 
periods. Finally, specialization dynamics do not seem to have changed significantly after trade 
liberalization. 
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1. Introduction 

 

Argentina, Brazil, and Uruguay implemented important structural reform programs over the last 25 years. 
Those programs revolved around two common axes. On the one hand, the role of the government in 
directing the allocation of resources and production decreased through the privatisation of formerly state-
owned firms and the de-regulation of several markets. On the other hand, the economies opened to 
foreign competition, both in a unilateral way and on a concerted basis (Morly, Machado, and Petinatto, 
1999; Katz, 2000). 

Unilateral trade reforms consisted of four main elements: (1) a reduction of the average level of import 
tariffs; (2) a diminution of the degree of dispersion of the tariff structure; (3) a decline in the coverage of 
non-tariff barriers; (4) the lowering of export taxes (Edwards, 1994).3 

These countries also actively engaged in preferential trade liberalization initiatives, which added a regional 
dimension to the process of opening.4 Thus, Argentina, Brazil, Paraguay, and Uruguay established Mercosur 
in March 1991 with the purpose of gradually forming a common market. Further, Mercosur and Chile 
signed an agreement in June 1996, which foresaw the establishment of a joint free trade zone within a ten 
years period.5 

The changes in trade policies that occurred in the last 25 years implied major changes in the incentive 
system governing economic activities. This is unlikely to have been neutral across industrial sectors. 
Consequently, there are concrete reasons to suspect that specialization patterns were changing in the 
region during the above mentioned period. 

Why could be interesting to examine specialization patterns and their evolution over time? There are 
several reasons. 

First, the nature of specialization has welfare implications. In static neoclassical trade models with no 
distortions, it is a well-known result that specialization according to current comparative advantage is 
welfare improving (Feenstra, 2003). In contrast, in endogenous growth models, in which the economy’s 
pattern of international trade and the rate of economic growth are jointly and endogenously determined, 
specialization according to the existing pattern of comparative advantages may, under certain 
circumstances, be welfare reducing (Redding, 1999).6 

Second, the level and nature of specialization have important growth implications, which are essentially 
driven by the degree of openness in the economy. Trade liberalization allows for greater specialization, 
since the demand for some goods can be served by imports. This promotes productivity growth through 
learning-by-doing (Romer, 1987; Lucas, 1988; Quah and Rauch, 1990; Weinhold and Rauch, 1997). On the 
other hand, trade liberalization may induce specialization away from sectors with high potential for 
technological progress or learning, which would result in poorer growth performance (Grossman and 
Helpman, 1991; Young, 1991; Redding, 1999).7 Moreover, trade liberalization may also promote changes 
                                                 
3 See Table A1.1 in Appendix A1 for a summary of tariffs reforms in Argentina, Brazil, Uruguay, and Chile.    
4 Regionalism is a phenomenon far from new in Latin America. However, this time it manifests in completely different manner 
when compared to past initiatives. First, it is a part of an integral new development strategy seeking to make economies more 
open, market-based and competitive. Second, its scope is fundamentally more universal and comprehensive and the implied 
trade liberalization tends to materialize at a faster path. Third, it aims at attracting foreign investment, not at restricting it. 
Fourth, it has more functional and cost effective institutional arrangements. Finally, it supports relevant non-economic 
objectives such as peace and democracy (Devlin and Estevadeordal, 2001).   
5 Argentina and Chile had already signed an Economic Complementation A greement (ACE Nº 16) in the context of LAIA in 1991. 
INTAL(2001) presents an assessment of achievements and pending points.  
6 Specifically, the rate of technological change under laissez-faire may be less than the socially optimal rate due to the non-
internalised externality associated to current production when there is learning-by-doing.  
7 In this context, international trade has dynamic effects on domestic economic welfare. In more concrete terms, trade 
liberalization may induce net dynamic welfare losses exceeding the standard static gains from trade. In this case, free trade 
would be welfare reducing. Redding (1999) shows that a necessary condition is that the rate of learning by doing in the high–
tech sector be lower under free trade than under autarky and that the effect on the rate of growth of instantaneous utility 
exceeds that of the increase in the rate of learning by doing in the low-tech sector.   
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in the composition of demand across goods and thereby affect growth (Spilimbergo, 2000). The 
theoretical link between the level and the nature of specialization and growth have been confirmed by 
several empirical studies (Weinhold and Rauch, 1997; and GEPI, 1976; Lafay, 1980; Bensidoun and Ünal-
Kesenci, 1998; Gaulier, Bensidoun, and Ünal-Kesenci, 2001, respectively).    

Third, specialization patterns across countries have notorious macroeconomic implications. Trade 
liberalization may induce countries to specialize in goods in which they have comparative advantages; as a 
consequence, they could become more dissimilar in terms of productive structures and, thus, more 
sensitive to specific industry shocks. This  would result in more idiosyncratic business-cycles (Kenen, 
1969; Eichengreen, 1992; Krugman, 1993) and higher expected bilateral exchange rate variability. If trade 
liberalization promotes intra-industry instead of inter-industry specialization, business cycles may become 
more synchronized across countries (Frankel and Rose, 1998) and hence expected bilateral exchange rate 
variability might decrease. The last point is not a minor one for countries joining a regional trade 
agreement. It is, in fact, a central issue for the progress and survival of the this agreement, since higher 
exchange rate variability tends to be associated with pressures for or even the factual reintroduction of 
protectionist measures within the bloc (Eichengreen, 1993; Fernández-Arias, Panizza, and Stein, 2002). 

Specialization patterns in South American countries and their changes during the last decade have been the 
focus of recent academic attention.8 However, most papers are essentially descriptive and limit themselves 
to comments on raw data or summary statistics. They usually concentrate on one country and one of the 
possible dimensions of specialization: trade. Finally, most examine the period 1986-1998 through a 
comparison of selected years. While useful in providing information about changes between cross-
sections, it provides no sense about the underlying dynamics.   

This paper aims at filling those gaps. It analyses the evolution of trade and production specialization 
patterns in the Mercosur countries: Argentina, Brazil, and Uruguay, as well as Chile and evaluates their 
degree of persistence and their long-term trends. The explicit distribution dynamics approach developed 
by Quah (1993) is used to study the dynamics of specialization patterns across sectors. Taking into account 
the entire cross-sectional distribution of specialization measures rather than a few less informative 
moments, this method allows us to detect changes in the shape of the distribution and intra-distributional 
mobility. More specifically, the following questions will be addressed: How specialized are  the Southern 
Cone countries? Have specialization patterns changed? Do they exhibit a tendency towards higher/ lower 
specialization? How persistent/ mobile are specialization patterns? Has the persistence/ mobility degree 
changed after trade liberalization took place in the region? 

The paper is organized as follows. In section 2, a Ricardian model is extended by including  tariffs and a 
specification of productivity growth is presented. The main conclusions are that, first, multilateral trade 
liberalization favours production specialization and tends to reduce overall trade specialization. Second, 
regional trade liberalization may induce larger regional trade specialization by leading to diverging trade 
patterns across destinations. Third, trade liberalization, both general and preferential, might promote 
changes in the dynamics of specialization patterns. 

Section 3 describes the distribution dynamics approach. We explain the rationale, specify the advantages 
over the traditional approach for studying specialization as well as present some l informal tools and the 
formal empirical model.  

Section 4 reports and discusses estimations results as well as additional insights gained through those 
complementary analytical tools. The main findings can be summarized as follows. Production patterns 
show a tendency towards increased overall specialization. This manifests in a polarization of the 
distribution of sectoral value added shares in GDP towards extreme values. The distributions of 
normalized Balassa indices tend to congregate nearer the mean, implying lower sectoral disparity and 
decreased overall trade specialization. In this respect, the Southern Cone countries have reduced their 

                                                 
8 See, for example, Terra (1997); Beckerman and Sirlin (1997); Terra (1999); Sanguinetti, Pantano, and Posadas (2001); Laen and 
Osimani (2001); and Carrera, Bellingi, and Saavedra (2001). von Hagen (1980) presents an interesting earlier characterization of 
specialization patterns in Latin America during the sixties and the seventies and their relationships with integration.  
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specialization in sectors in which they initially had extreme revealed comparative advantages. Regional 
trade specialization offers a mixed picture. Sectoral divergence in terms of geographical patterns 
accentuated in the Mercosur countries and is reverted in Chile. In short, specialization rises in the first 
group of countries and declines in the last country. Mercosur countries exhibit increasing regional 
specialization in sectors favoured by public policy and with comparative advantages at the regional level. 
In contrast, they display constant or even declining regional specialization in industries in which they enjoy 
comparative advantages vis-à-vis the rest of the world and are subject to trade restrictions within the bloc 
such as food products, leather products, basic metals, and footwear. Chile presents a rising regional bias in 
sectors in which it has comparative advantage with respect to the rest of the world, such as food products, 
and some industries that seem to have benefited from the free trade agreement with Mercosur. In 
addition, there is considerable mobility in specialization patterns, especially at intermediate levels. There is 
also evidence of a similarity in the dynamics of production and relative trade between Argentina and 
Brazil. There are also noticeable differences with respect to, and between, Uruguay and Chile, 
fundamentally over longer transition periods. Lastly, the dynamics of specialization pattern did not seem 
to have significantly changed after trade liberalization generalized in the region.  

Sections 5 concludes.  

 

2. Theoretical framework 

 

Neoclassical trade theory explains specialization patterns as a result of comparative advantage patterns. In 
the Ricardian model, these patterns are essentially determined by relative technology differences, described 
in terms of relative labour productivity. We build our theoretical framework within this approach. In 
particular, we use the continuum-of-goods-version of the Ricardian model developed by Dornbusch, 
Fischer, and Samuelson (1977) that takes into account the existence of artificial trade barriers. In addition, 
we extend this model to a dynamic setting by incorporating a specification of the time evolution of relative 
productivity as in Proudman and Redding (1997, 1998).  

 

2.1. Basic model 

 

The basic Ricardian model assumes a world consisting of two economies, the home country (h) and the 
foreign country (f). Each country has a unique production factor, labour. There are constant unit labour 
requirements for producing goods, a. Goods are denoted by z and they are indexed on an interval [ ]1,0  in 
accordance with diminishing home country comparative advantage. Specifically,  

( )
( ) ( ) 0)()1( 〈′≡ zAwith
za

za
zA

h

f , 

where the continuous function A (z) depicts the unit labour requirement of the foreign country af relative 
to the home country ah. 

Let wh and wf denote the domestic and foreign wages measured in any common unit and  

( )
f

h

w

w
≡ω2  

is the relative wage. 

Finally, assume that each country levies a uniform tariff on imports at the respective rates fh ττ , ,  which is 
rebated in lump sum form to the population. 
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Under these conditions, the home country produces all commodities for which domestic unit labour costs 
are less than or equal to foreign unit labour costs adjusted by the tariff rate applied on imports. Formally,  

( ) ( ) ( ) ( )hffhh wzawza τ+≤ 13  

which can be re-expressed in the following terms: 

( ) ( )zA
h

≤
+

′
τ

ω
1

3  

Taking the previous equation with equality defines the marginal commodity z~ . The home country 
produces the range of commodities:  

( ) hzz ~04 ≤≤  

where 

( ) 





+

= −

h

h Az
τ

ω
1

~5 1  

Analogously, the foreign country specializes in the production of commodities in the range 

( ) 1~6 ≤≤ zz f  

where 

( ) ( )[ ]ff Az τω += − 1~7 1  

Note that, in general, fh zz ~~ ≠ , so that there are non-traded goods, which are produced by the two 
countries. 

On the demand side, preferences are given by a symmetric, Cobb-Douglas utility function.  Tastes are 
identical across countries. Formally, in the discrete case, we have that maximizing nb

n

b CCCU ...)( 1
1=  with 

∑ =
=

n

i
ib

1
1 subject to YCPCP nn =++ ...11  yields YCPb iii =  with ifih bb = , where b is a constant expenditure 

share. By analogy, in this continuous case,  

( ) ( ) ( ) ( )

( )
( ) ( )zbzb

dzzb

Y

zCzP
zb

fh =

=∫

=

1

8

1

0

, 

where Y  symbolizes total income, C(z) demand for, and, P(z)=wa(z) the price of, commodity z.  

In a static equilibrium, the relative wage must be consistent with the requirement that home income equals 
world expenditure on domestically produced goods i.e., must prevail a balanced trade equilibrium. Thus, at 
international prices: 

( ) ( ) ( )
f

f

f

h

h
h

YY

τ
λ

τ
λ

+
−=

+
−

1
1

1
19  

where Y h=whLh+Rh and Y f=wfL f+Rf are the domestic and foreign incomes including the lump sum tariff 
rebates (R), respectively,   

( ) ( )∫≡







+

≡
hz

h

hh dzzb
~

01
10

τ
ωλλ  

( ) ( )[ ] ( )∫≡+≡
1

~
111

fz
fff dzzbτωλλ  
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depict the fraction of home country income spent on domestically produced goods and the fraction of 
foreigners’ income spent on goods they produced. Thus, equation (9) simply states that the home 
country’s imports must be equal to foreign country’s imports. 

The previous condition can be rearranged by taking into account the fact that rebates are equal to tariff 
rates times the fraction of income spent on imports, ( ) ( )ττλ +−= 11 YR , which yields: 

( ) 















+
+







−
−

=
h

f

ff

hh

h

f

L

L

λτ
λτ

λ
λ

ω
1

1

1

1
12    

where Lh (L f) is the labour force of the home (foreign) country.  

The implicit relations in equation (12) can be solved for the equilibrium relative wage as a function of 
relative size and tariffs: 

( ) ( )fhhf LL ττωω ,,13 =  

The equilibrium relative wage in equation (13) jointly with equations (5) and (7) determines the equilibrium 
geographic production pattern, hz~  and fz~ . Note, in this respect, an increase in the relative wage reduces 

the range of commodities domestically produced, ( )[ ] 01~ 〈+ hh dzd τϖ , and therefore increases the 

fraction of income spent on imports,  ( )[ ] 01 〈+ hh dd τϖλ . The converse holds for the foreign country, 

so that  ( )[ ] 01~ 〉+ ff dzd τϖ  and ( )[ ] 01 〉+ ff dd τϖλ . 

 

2.1.1. General trade liberalization 

Under regular conditions, trade liberalization diminishes the range of commodities domestically produced 
and leads to greater specialization in production and, at the same time, increases the range of goods imported 
from abroad, resulting in lower trade specialization in the foreign country. Formally, 

( ) ( )[ ]
( )[ ]

0
1

1

~~
14 〉

∂
+∂

+
=

∂
∂

h

h

h

h

h

h

d

zdz

τ
τω

τωτ
 

( ) ( )[ ]
( )[ ]

0
1

1
15 〉

∂
+∂

+
=

∂
∂

h

h

h

h

h

h

d

d

τ
τω

τω
λ

τ
λ

 

Observe that a decrease in the home tariff rate induces a diminution in the relative wage. The reason is 
clear. At the initial equilibrium, the lower trade costs create an excess supply of labour in the home country 
i.e., a trade deficit for this country. The consequent decline in domestic relative wages allows a reduction in 
relative unit labour costs at home, which, in turn, permits the recovery of comparative advantage in 
marginal industries, and gives rise to a decrease in the demand for imports. Thus, the trade balance 
equilibrium is restored. If changes in relative wages are less than proportional, i.e., if the elasticity of 
domestic relative wages with respect to the home tariff is lower than one, one gets the above result.     

Similarly, trade liberalization in the foreign country reduces the range of commodities produced abroad 
and leads to a greater specialization in production for this country and increases the range of goods imported from 
the home country thus lowering its trade specialization. Formally, 

( ) ( )[ ]
( )[ ]

0
1

1

~~
16 〉

∂
+∂

+
=

∂
∂

f

f

f

f

f

f

d

zdz

τ
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τωτ
 

( ) ( )[ ]
( )[ ]

0
1

1
17 〉

∂
+∂

+
=

∂
∂

f

f

f

f

f

f

d

d

τ
τω
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τ
λ

 

Let assume that a uniform tariff reduction across countries takes place and that it has no effect on relative 
wages.9 In this case, trade liberalization induces greater production specialization, since the range of goods 
                                                 
9 In order for this to be the case, both countries must be of equal size as measured by their shares in world income.  
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produced in each country contracts, and lower trade specialization, as the range of commodities exported by 
each country expands.  

 

2.1.2. Regional trade liberalization 

What kind of singularities does a regional bias in economic integration introduce? In order to answer this 
question, a third country will be incorporated into the analysis, the Rest of the World (Venables, 2002). 
Suppose that all goods have Rest of the World price equal to one (by choice of units) and initially faces the 
same import tariff in both countries, τττ == fh . Under these conditions, the manufacturing sourcing has 
the following pattern: 

Table 1 

Initial situation 

Trade flow\ Country Home country Foreign country 

Export to the Rest of the World ( ) 1: =zawz hh  ( ) 1: =zawz ff  

Self sufficiency ( ) τ+〈〈 11: zawz hh  ( ) τ+〈〈 11: zawz ff  

Import from the Rest of the World ( ) τ+〉1: zawz hh  ( ) τ+〉1: zawz ff  

 

Therefore, countries export those commodities in which they have significant comparative advantages, i.e., 
domestic unit costs are at most equal to the world price. They import those commodities in which they 
have a significant comparative disadvantage, i.e., domestic unit costs are higher than the private unit costs 
of importation. They are self-sufficient in those commodities in which there prevails no significant 
comparative advantage, in particular, in those goods for which domestic costs are less than the private unit 
costs of import and greater than unit export receipts.   

Now assume that the home country and the foreign country form a customs union. They continue to 
apply a common external tariff on trade flows with the Rest of the Word, but they completely liberalize 
intra-bloc trade. As a consequence, trade patterns in some goods change. However, wages in both 
economies remain constant, because they continue to supply their respective export goods to the rest of 
the world. Specialization patterns are then determined by the following conditions: 
 

Table 2 

Customs union between the home country and the foreign country 

Trade flow\ Country Home country Foreign country 

Export to the Rest of the World ( ) 1: =zawz hh  ( ) 1: =zawz ff  

Export to the partner 
( ) ( )

( ) τ+〈

〈

1:

:

zawzand

zawzawz

hh

ffhh
 

( ) ( )
( ) τ+〈

〈

1:

:

zawzand

zawzawz

ff

hhff
 

Import from the partner 
( ) ( )

( ) τ+〈

〉

1:

:

zawzand

zawzawz

ff

ffhh
 

( ) ( )
( ) τ+〈

〉

1:

:

zawzand

zawzawz

hh

hhff
 

Import from the Rest of the World 
( )

( ) τ
τ

+〉
+〉

1:

1:

zawzand

zawz

ff

hh
 

( )
( ) τ

τ
+〉

+〉
1:

1:

zawzand

zawz

ff

hh
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Under the new relative tariff structure, each of the members of the customs union exports also those 
goods in which they enjoy a comparative advantage with respect to the partner and imports also those 
goods in which they suffer a comparative disadvantage relative to the partner. As a result, some 
commodities that were domestically produced are now imported from the partner, i.e., trade creation, and 
some commodities that were initially imported from the rest the world are now imported from the partner, 
i.e., trade diversion.10 This can be clearly seen in the following figure (Venables, 2002). 

                                                                       Figure 1 

       
ff aw  

 

 

 

          

 

 

 

 

The horizontal axis of the figure measures the cost of producing a good in the home country, while the 
vertical axis the corresponding costs in the foreign country. Hence, points represent goods and their 
coordinates the costs of producing them in each country. Consider the goods z1-z7. 

In the initial situation, the home country exports good z1 to the foreign country and to the Rest of the 
World and imports goods z6 and z7; on the other hand, it is self-sufficient in goods z3, z4, and z5. The 
foreign country exports good z2 to the home country and to the rest of the world and imports goods z5 
and z7 from there; it is self-sufficient in goods z3, z4, and z6. 

After the formation of the customs union, the home country continues to exporting good z1 to both 
destinations. It also starts to export to the foreign country goods z4 and z5; for z4, there is trade creation, 
since the good was previously produced in that country, while for z5 there is trade diversion, as the good 
was imported from the rest of the world. The foreign country, in turn, exports good z2 to both 
destinations. It also begins to export goods z3 and z6 to the home country. This again implies trade 
creation and trade diversion effects, respectively. In both cases, good z7 continues to being imported from 
the Rest of the World.  

This basic exercise suggests that the creation of a customs union between the two countries introduces a 
bias in the regional orientation of trade flows. In particular, given the assumption of identical homothetic 
preferences across countries, sectors displaying a positive share in total exports to the partner before the 
launching of the customs union show also a positive share in total exports to the Rest of the World, since 
they were sectors in which the home country had a comparative advantage. After the formation of the 
customs union,   sectors appear with positive shares in total exports to the partner but with no exports to 
the Rest of the World. Hence, the cross-sectional distribution of regional trade shares becomes more 
unequal. In this sense, a regional integration process may lead to greater specialization in regional trade.11  

                                                 
10 It is well-known that trade creation and trade diversion effects induced by the constitution of the customs union are 
associated with welfare changes. They will no be discussed here, as they are beyond the main focus of the paper. 
11 Of course, it may also happen that some goods are initially exported to the Rest of the World but not to the partner. This 
would be the case if one of the member countries has a comparative advantage in the corresponding sector vis-à-vis the Rest of 
the World but the advantage with respect to the partner is not large (z8 or z9). After regional trade liberalization, such sectors 
will show a more even export pattern across destinations. If the share of such sectors is larger than that of the sectors displaying 

0 
1

1

τ+1
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2.2. Dynamics 

 

The previous section examined the determination of specialization patterns in a static framework. The 
present section will analyse their dynamics. The main purpose is to highlight the fact that it is a complex 
process several forces may be working in opposite directions.  

As we have seen, the Ricardian model explains specialization patterns in terms of relative productivity 
differences across countries. The evolution of those technology differences play an important role in the 
integration process following a trade liberalization (Leamer and Levinsohn, 1995).  

The standard Ricardian model can then be augmented with a specification of the dynamics of productivity 
a(z) in each sector z of each economy. According to several theoretical and empirical studies, learning-by-
doing is a relevant determinant of the rate of productivity growth (Krugman, 1987; Lucas, 1993; Redding, 
1996). Arrow (1962) was the first to focus on the economic implications of learning-by-doing. The central 
idea that while producing output in a given sector firms accumulate productivity-enhancing experience, 
which manifests itself in improved methods of manufacturing or in better organization schemes (Redding, 
1999). On the other hand, intangible ideas may spillover across country boundaries (Coe and Helpman, 
1995; Coe, Helpman, and Hoffmaister, 1997). These technological transfers also influence the rate of 
productivity growth (Grossman and Helpman, 1990, 1997; Cameron, Proudman, and Redding, 1997; 
Edwards, 1993, 1997; Falvey, Foster, and Greenaway, 2002).  

Following Proudman and Redding (1997, 1998), the productivity a(z) may be assumed to evolve according 
to the following difference equation: 
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where ( )zhγ  is a sector and country specific constant reflecting a set of exogenous determinants of the rate 
of technological change. ( )zσ  parametrizes the rate of learning-by-doing. This is assumed to be a pure 
externality of the production process, external to individual firms, for the preservation of the perfect 
competition setting in consonance with the Ricardian model.12 Moreover, it is sector-specific. The levels of 
employment and production hinge, among other things, upon the prevailing tariff rates ( )fh ττ , . Finally, 

( )zθ  is the rate of technological transfer.13 This rate is also a function of the degree of openness of the 
economy. Trade liberalization may effectively reduce the costs of technology adoption and thereby 
increase absorption capabilities (Parente and Prescott, 1994, 2000; Barro and Sala-i-Martin, 1995).14   

                                                                                                                                                                       
diverging patterns, regional trade specialization may even decrease. Nonetheless, this does not seem to be the most likely 
scenario for developing countries such as the ones that are the focus of this empirical research.  
12 Specifically, productivity in a certain sector depends positively on the total amount of the good produced since the industry 

began in that country, which can be approximated by ( ) ( ) 


 ∑=
−

=
,.

1

0

t

i

it zLfza , so that 

( ) ( ) ( ) ( ) ( )( ),.,.,. 1
2

0

1

0

1

0
zLgzLzLgzLgza t

t

i

i
t

i

i
t

i

it −
−

=

−

=

−

=
=


 ∑−∑=



 


 ∑∆=∆  

13 The last term counts if the foreign country is the technological leader. It implicitly assumes that the fraction of the total factor 
productivity in the frontier economy potentially transferred to the home country is equal to one (Cameron, Proudman, and 
Redding, 1997). Different industries offer different opportunities to innovate and consequently to improve on through 
replication (Ventura Díaz, Cabezas, and Contador, 1999). This may be due to differences in the strength of their linkages with 
pure science, the nature of the innovation search process, the degree of embodiment of technological advances in capital 
equipment and the forms of private appropriation of economic benefits from innovation (van Hulst, Mulder, and Soete, 1991). 
14 The rate of technological transfers can also be influenced by the institutional structure (“national innovation system”) 
(Nelson, 1993); human capital endowments, e.q., the matching between the skill requirements of the new technologies and the 
skills of workers in the home country (Acemoglu and Zilibotti, 2000); and the degree of unionisation (Cameron, Proudman, and 
Redding, 1997). The model presented here abstracts from these factors.    
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Let us assume that the foreign country is the world technological leader and that there exists a common 
rate of learning-by-doing across countries. Then, the evolution of domestic productivity in sector z relative 
to foreign may be expressed as: 

( ) ( )
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The dynamics of specialization are completely characterized by the static equilibrium conditions (equations 
(5), (7), and (13)) and the specification of productivity growth (equations (18) and (19)). Initial levels of 
productivity determine the pattern of comparative advantage and international specialization. In turn, the 
pattern of international specialization with its associated allocation of labour across sectors affects rates of 
productivity growth and thus the evolution of international trade flows over time. 

Two extreme cases will subsequently be analysed in order to highlight the oppositing influences of 
learning-by-doing and technology transfers. In the next sub-sections, the role of trade policy will be 
discussed.  

First, sector specific learning-by-doing implies that initial patterns of international specialization tend to be 
reinforced over time. In order to see this, assume that there is a common rate of exogenous technological 
change across sectors and economies ( ) ( )( )zzz fh ∀== γγγ  and no international spillovers ( )( )0=zθ . 
According to the static equilibrium, the home country specializes in the production of the range of 
commodities [ ]hzz ~,0∈ , the foreign country specializes in the production of the range of commodities 

[ ]1,~
fzz ∈  with [ ]fh zzz ~,~∈  being non-traded goods. This implies that in the home country, 

( ) [ ] ( ) [ ]1,~0~,00 fhhh zzzLandzzzL ∈∀=∈∀〉 , whereas in the foreign country the opposite holds, that 

is, ( ) [ ] ( ) [ ]1,~0~,00 ffhf zzzLandzzzL ∈∀〉∈∀= . From equation (19),  
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which implies that the home country productivity relative to the foreign country rises in sectors where it is 
initially specialized due to comparative advantage (Lh(z)>0 and L f(z)=0) and falls in sectors where it is not 
initially specialized in virtue of the comparative disadvantage it suffers with respect to the foreign country 
(Lh(z)=0 and L f(z)>0). The reason is clear. Due to learning-by-doing, home producers become even more 
productive in each of the goods they initially manufacture, while foreign producers do not increase their 
experience in those sectors. Analogously, foreign firms accumulate experience and expand their knowledge 
in producing the goods they initially manufacture, whereas home firms do not learn anything regarding 
production techniques in these industries. As a consequence, once established, specialization patterns 
remain unchanged and changes in relative productivity act to reinforce them, i.e., initial patterns of 
specialization persist and become increasingly locked-in over time. Now, consider the case of non-traded 
goods. If both countries are size-symmetric, so that Lh(z)=L f(z), then the change in relative productivity 
will be equal to zero. But if both countries are size-asymmetric, then it might occur that, given a certain 
rate of protection, some goods become tradable, as the productivity differences become large enough to 
overcome trade barriers. 

Second, when technological advances disseminate across borders, they do not strengthen intrinsic 
comparative advantages on a sustainable basis, because producers in all countries rapidly gain access to the 
corresponding body of technological information. Therefore, spillovers of technological knowledge across economies 
promote mobility in specialization patterns. More precisely, technological transfers and differences in the exogenous rates of 
productivity growth across sectors and economies may induce a reversion in the initial patterns of international specialization, 
i.e., a country may become specialized in sectors where was not initially and vice versa. We assume that there is no 
sector-specific learning-by-doing ( )( )zz ∀= 0σ and that there exists a different exogenous technological 
progress across sectors and countries ( ) ( )( )zzz fh ∀≠ γγ . We further suppose that for those sectors in which 
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domestic productivity is initially less than the foreign one, it holds that ( ) ( )( )zz fh γγ 〉 . The converse is true. 
Thus, from equation (19) we can establish: 
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Sectors in which home productivity is initially lower than in the foreign country will become, in a steady 
state, sectors in which domestic productivity exceeds foreign and vice versa. This is sufficient (albeit not 
necessary) for initial patterns of international specialization to be reversed over time. Under these 
conditions, the home country, that initially specializes in the production of the commodities within the 
range [ ]hzz ~,0∈  may, over time, end up specialized in the range of goods [ ]1,~

fzz ∈  and the opposite would 
occur for the foreign country. Note that  in this case there may also be endogenous changes in the range 
of non-traded goods. For instance, some may be imported by the home country, but, over the course of 
time, they may become non-traded due to the fact that productivity differences are not enough to 
overcome trade barriers. 

In summary, previous analytical examples are very useful to show the fact that there are forces pushing 
towards persistence as well as forces pushing towards mobility in specialization patterns. We have chosen 
two particular forces -learning-by-doing and knowledge spillovers-, but the same intrinsic ambiguity in the 
dynamics of international specialization can be generated by alternative means (Findlay, 1970; Deardorff, 
1974; Davis and Reeves, 1997; Baldwin, 1999). In reality, none of the polar cases is likely to be found, but 
a certain mixture of both. One should expect neither complete persistence nor complete mobility, but 
some intermediate degree. How large the degree of mobility is and how it differs across sectors are 
empirical questions which will be addressed in the following sections.  

 

2.2.1. General trade liberalization 

Trade liberalization may change the static pattern of international specialization and may  induce variations 
in dynamics. First, a free trade regime favours the absorption of technical advances taking place in 
countries situated at the technological frontier and therefore contributes to increased mobility in 
specialization patterns. Second, it may stimulate or de-stimulate the local learning process.  

We can identify two basic cases depending on the initial situation -traded goods and non-traded goods- 
with two variants that are defined according to the particular country that enjoys sectoral comparative 
advantage. Table 3 summarizes the implications of a reciprocal trade liberalization between two economies 
in period t-1 for each case. First, for sectors in which the home country was already exporting to the 
foreign country, trade liberalization increases the rate of technological transfer, contributing to a higher 
expected mobility (Case 1). This also applies for sectors in which the home country was already importing 
(Case 4). Second, for initially non-traded goods in which the home country has a comparative advantage, 
trade liberalization leads to expanded production, so that the local learning process in corresponding 
sectors is stimulated. The foreign country ceases to produce these commodities, so that the learning 
process abroad is discontinued. This implies a strengthening of persistence forces. However, openness 
also eases technological transfers to the foreign country and tends to raise mobility (Case 2). Obviously, 
the converse is true for originally non-traded goods in which the foreign country has a comparative 
advantage (Case 3).  Overall, a clear prediction is not possible.  
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Table 3 

Case Range Trade regime Relative productivity growth 
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3 [ ]fh zzz ~,~∈ (3) 
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Notes:  

1. ( ) ( )zz tt 1−〉 θθ  

2. The home country has a comparative advantage: 01212 =〉〈 −−−− t
f

t
f

t
h

t
h LLandLL . 

3. The foreign country has a comparative advantage: 
1212 0 −−−− 〈=〉 t

f
t
f

t
h

t
h LLandLL . 

 

The actual impact of trade liberalization on the dynamics of international specialization is o an empirical 
question that will be addressed in the next section.15 

 

2.2.2. Regional trade liberalization 

The effects of regional integration can be analysed in a similar manner. There are two main qualifications. 
First, regional trade liberalization may help to achieve dynamic external economies through learning-by-
doing in those sectors in which member countries have a comparative advantage vis-à-vis the trade 
partner. Thus, the enlarged market may favour dynamic relative efficiency gains and thereby contribute to 
increased mobility at the global level.  Second, it may also stimulate technological transfers across borders. 
In this respect, however, the productivity gains are maximized when the partner is the technological leader 
in the sector in question, i.e, a country receives more technology embodied in goods when it imports 
primarily from technological leaders than when it imports basically from those  countries, who are 
followers (Keller, 1999). Thus, by reorienting trade, regional integration may contribute to higher 
persistence. Again, the net effect is again ambiguous. The next section will illuminate on this issue.  

                                                 
15 Furthermore, note that trade liberalization may be not uniform across sectors.  
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3. Methodological framework 

 

The model developed in the previous section analyses both the extent of specialization and the dynamics 
of specialization patterns. The empirical analysis aims to examine both aspects. In particular, its main 
objectives are: 

• to examine the evolution of the overall degree of specialization 

• to investigate the degree and the pattern of intra-distribution mobility in sectoral        specialization 

• to compare the dynamics of specialization patterns across countries 

• to assess whether specialization patterns show different dynamics patterns after trade liberalization 
took place in the Southern Cone. 

In order to accomplish these objectives, we must look at the external shape of the distributions of 
specialization measures as well as changes that took place within those distributions. The empirical study 
will thus rely on graphical tools (kernel densities, Tukey box-plots, and cross-profiles plots) and on 
econometric estimates of transitions matrices and ergodic distributions. This section develops the 
methodological approach. It discusses the main insights, introduces complementary tools for a preliminary 
analysis, and formalizes the central components of the empirical model. 

 

3.1. Main insights 

 

The specialization pattern that a country exhibits can be described by the distribution of a  specialization 
measure across sectors. Attributes such as specialization may vary in both the cross section and the time 
series dimension. Thus, they may be subject to a bi-dimensional analysis.  

We can examine the distribution across sectors in each period of time and obtain a static picture of the 
current pattern of specialization. Consider Figure 2, from Quah (1996). It plots the density of the empirical 
distribution of a certain specialization measure across sectors in a certain country at time t. The density 
shows sectors in which the country is highly specialized in the upper part of the distribution (A), sectors in 
which the country displays an intermediate degree of specialization in its middle part (B), and sectors in 
which the country exhibits a relatively low activity in its lower part (C). Thus, it specifically corresponds to 
a country that at time t has a few sectors in which it is either highly specialized or inactive and a large 
proportion of sectors with intermediate relative importance in overall activity.  

Figure 2 
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We can also study the time evolution of the entire cross-section distribution and get a representation of 
the dynamics followed by specialization patterns (Proudman and Redding, 1997, 1998). This involves two 
related aspects. On the one hand, it is interesting to examine the behaviour of the location and the external 
shape of the distribution, because it provides insights regarding the overall degree of specialization. Thus, if 
distribution evolves from a unimodal to a bimodal configuration, as is the case between t and t+s in Figure 
2, the country is specializing into a subset of sectors (upper mode) and specializing away from other 
sectors (lower mode). On the contrary, if the distribution tends to a higher uniformity across industries, 
the country tends towards a more sectorally balanced structure. It is also worth  inspecting the intra-
distribution dynamics, i.e., the movements of sectors from one part of the distribution to another. This allows 
insights about the degree of persistence/ mobility of specialization patterns, i.e., whether industries move 
from the class of sectors where a country is at the lowest level specialization to the class of sectors where 
the country is highly specialized or whether very low and very high specialization levels are associated with 
lock-in effects and therefore a concentration of probability mass prevails with time homogeneous 
composition at the extreme ends of the distribution (Mancusi, 2001). Those movements are illustrated 
through the arrows in Figure 2. Thus, we can find sectors in which the country maintains a relatively high 
(low) specialization level as well sectors in which the country substantially changes the extent of its 
specialization, becoming more specialized in initially relatively unimportant industries and specializing 
away from those industries of relative important in its initial economic structure. 

Traditionally, empirical studies resort to summary statistics such as particular moments of the distribution 
(mean, standard deviation, skewness) or specific indices (Gini coefficient, Hirschman-Hefindahl index, Krugman 
index) to analyse the degree of specialization and its evolution over time. However, these statistics only 
convey very limited information about the extent of dispersion in the cross-section distribution. For 
instance, the Gini coefficient does not allow for distinguishing between two symmetric situations; one 
where diverse sectors account for large relative shares in total activity and a few sectors account only for 
very small shares and vice versa (Mancusi, 2001). They also provide only partial insights on the cross-
section dynamics. Observations from a bimodal distribution may have the same sample variance as 
observations from a unimodal one; nevertheless, the meaning of these distribution in terms of evolving 
specialization is substantially different (Lamo, 2000). To summarize, certain external characteristics of the 
distribution and intra-distribution mobility patterns that are relevant for a better understanding of the 
phenomenon under analysis might be disregarded if we were only focus on summary statistics.  

The approach pursued here models the dynamics of the entire distribution of specialization measures 
across industries.16 By exploiting both the cross-section and time dimension of the data, it provides 
information on four characteristics of dynamically evolving distributions: 

• the external shape 

• the intra-distribution dynamics  

• the long-run behaviour 

• the speed of convergence to the long run 

and thus allows the address of an entire whole set of issues of interest as set out at the beginning of this 
section.  

    

                                                 
16 The method was developed by Quah (1993) and was used for the analysis of income convergence across countries (Quah, 
1995,1996,1997); income convergence across regions (Magrini, 1999; Lamo, 2000; Lavezzi, 2001; García Verdú, 2002); the 
evolution of trade specialization patterns (Proudman and Redding, 1997, 1998; Brasili, Epifani, and Helg, 1999; Hinloopen and 
Marrewijk, 2000), technological specialization patterns (Mancusi, 2000, 2001), production specialization patterns (Redding, 
2001, 2002) and city sizes (Eaton and Eckstein, 1994; Overman and Ioannides, 1999; Black and Henderson, 1999; Ioannides 
and Dobkins, 1999); finance questions (Stanca, 1999); and industrial organization problems (Koopmans and Lamo, 1995).  
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3.2. Preliminary analysis 

 

The preliminary analysis will be based on three main components. First, an overall inspection of the 
specialization measures across sectors in each country. Second, kernel density estimates and Tukey box-
plots, which allows the identification of changes in the external shape of the distributions and henceforth 
in the overall degree of specialization. Third, cross-profile plots and a sectoral classification according to 
relative performances, which provides a first look at the intra-distribution mobility pattern across sectors 
and thus help to identify which industries are fundamentally driving those changes. The present sub-
section introduces the three graphical tools: kernel density estimates, Tukey box-plots, and cross-profile 
plots.  

 

3.2.1.  Kernel density estimates   

As previously stated, the entire distribution of indices across industries provides a representation of the 
specialization pattern. The cross sectional distribution can be estimated from the data for each country at 
different time periods. Density estimates enable a complete picture of the distribution (Pagan and Ullah, 
2001). 

In order to estimate densities there are two main strategies: parametric and non-parametric. In the first 
case, data are assumed to be drawn from one of a known family of distributions with unknown parameters 
and the underlying distribution is estimated by estimating those parameters from observed data. In the 
second case, the density function is directly estimated without assuming its form, i.e., the distribution is 
assumed to have a probability density function but less restrictions are imposed on the external shape or 
the moments of the density (Silverman, 1986). The implied greater flexibility allows for detecting 
structures which deviate from traditional parametric forms. This might yield valuable indications of such 
features as multimodality in the data (Lamo, 2000). For these reasons, we pursue the second approach. 

One of the most commonly used density estimator is the kernel estimator. The kernel estimator with kernel 
function K is defined as: 

∑ 
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∞
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1)(: dxxKK is a probability density function and h is the window width or bandwidth. The 

bandwith h determines the degree of smoothness. Its selection is a crucial point, since a bandwith too 
small produces spurious fine structures, while one too large obscures important details (Silverman, 1986).  

In order to estimate density functions for each specialization measure in each country, observations 
belonging to the same sub-period of analysis will be pooled to assure a sufficient number of data points. 
This could raise problems if those estimations would come from different distributions. However, the 
Kolmogorov-Smirnov test suggests that this is not the case for almost all sub-periods considered. Each set 
of annual observations seems to come from the same distribution as the other sets pertaining to the same 
sub-period.17   

The estimations will be carried out by using Gaussian kernel smoothing.18 We apply the automatic 
bandwith choice (Silverman, 1986).19 We will present the results in terms of logarithms, i.e., the natural 

                                                 
17 The Kolmogorov-Smirnov test allows the determination of whether two samples correspond to populations with identical 
distribution functions (Conover, 1980).  
18 The nature of K is not crucial to the analysis. The “optimal kernel” yields only modest improvements in the performance of 
the estimated function over selections such as the Gaussian (Pagan and Ullah, 2001). The choice of the specific kernel turns out 
to be relatively unimportant (Johnston and Di Nardo, 1997).  
19 A utomatic bandwith: ( )34.1/,min9.0 5/1 IQRstdNh −= , where N  is the number of observations, std is the standard deviation, 
and IQR is the interquartile range of the series (Silverman, 1986). 
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logarithm of the relevant specialization measure appears on the horizontal axis avoiding potential 
problems related to the non-negativity of the original variables.   

We have seen that the tendencies towards higher specialization (more disparity across sectors) or lower 
specialization (less dispersion across sectors) manifest in the external shape of the density distributions of 
the relevant measures. In particular, an emerging twin-peakedness implies that the country goes from a 
situation in which there prevails a relatively low polarization across sectors to a situation in which it is 
possible to identify two groups of sectors, namely, sectors in which the country is increasingly specialized 
and sectors in which it increasingly unspecialized. The significance of those changes can be tested 
empirically. One can estimate the density of the frequency distribution of specialization measures across 
sectors at different points in time and assess whether unimodality is rejected by means of a statistical test, 
such as the Silverman test (Silverman, 1986; Bianchi, 1997).  

The Silverman test is based on a combination of kernel density estimation and bootstrapping.20 The central 
element of the test is the critical bandwith mĥ , which is defined as the smallest possible h producing a 

density with at most m modes; this implies that for all mhh ˆ〈 the estimated density hf̂ has at least m+1 

modes. Thus, if the true underlying density has two modes, a large value of 1ĥ is expected, because a 
considerable amount of smoothing is needed to obtain a unimodal density from one which is bimodal. 
Therefore, mĥ can be used as a statistic to test H0: f(x) has m modes vs. H1: f(x) has more than m modes. A 

“large” value of mĥ according to results from bootstrapping indicates more than m modes and we reject the 
null hypothesis (Bianchi, 1997). Equivalently, the achieved significance level (A SL) can be computed as 
the proportion of cases for which ∗

mh
f ˆ has more than m modes (Silverman, 1986). Formally, 

mLSA ˆ =# { ∗

mh
f ˆ has more than m modes}/ B, where ∗

mh
f ˆ is an estimated null distribution for the bootstrapped 

samples under H0 and B is the number of bootstrap samples. In this case, the null hypothesis of m modes 
is rejected when mLSA ˆ is within the range of standard significance levels.21 

 

3.2.2. Tukey box-plots 

Tukey box-plots provide a convenient way to see if sectors in which the country is specialized and sectors 
in which the country is not specialized are moving in different directions relative to the rest of the 
distribution (Quah, 1997). While density estimates facilitate the detection of phenomena such as twin-
peakedness, with Tukey box-plots we can see whether the distribution spreads out or compresses.  

Typically time is presented on the horizontal axis and the specialization measure is on the vertical axis and 
there are four main components: a box; a horizontal bar within the box; vertical lines emanating from the 
box; and upper and lower outside points. Quah (1997) provides a good description of the meanings.  

First, one box-plot appears for each sub-period. From below, it begins at the bottom quartile (25th 
percentile) of the distribution and ends at the top (75th percentile). The height of the box corresponds to 
the inter-quartile range and measures the spread of the distribution. Thus, if the box is tall and the inter-
quartile is large, then the middle 50% of the distribution, which is entirely contained in the box, is 

                                                 
20 The bootstrap is a method for estimating the distribution of an estimator or a test statistics by resampling one’s data. 

Formally, let e
nt  be an estimate of a parameter t based on a sample x=(x1,…,xn). An approximation to the statistical properties 

of e
nt  can be obtained by studying a sample of bootstrap estimators te(b)m , b=1,…,B, obtained by sampling m observations with 

replacement from x and recomputing te  with each sample, whose size m may be larger or smaller than n. This is done a total of 
B times and the desired sampling characteristic is computed from te=[te(1)m,…,te(B)m]. 
21 When interpreting results, one should keep in mind that the Silverman test has some drawbacks. First, it is very conservative 
(Fisher and Marron, 2001). Second, outliers in the sample can affect its performance substantially (Fisher and Marron, 2001; 
Hartigan, 2001). Third, it takes no account of how much mass is associated with each mode (Fisher and Marron, 2001). Fourth, it is a non-
nested test, so that it may fail to reject the null hypothesis of having m modes,  but reject the null hypothesis of having m+p 
modes (m-p>0) (Henderson, Attar, and Russell, 2002).  



 18

relatively spread out. If the box is short and the inter-quartile range is small, then this middle 50% is 
compressed together. 

Second, the horizontal bar that appears inside the box denotes the median (50th percentile) of the 
distribution and is a measure of the location of the distribution. The distances from the median to the top 
and bottom of the box inform about the shape of the distribution, specifically, if those distances are 
different, then the distribution is skewed.  

Third, the thin vertical lines originating from the box both upwards and downwards end at what is called 
the upper and lower adjacent values, respectively. The upper adjacent value is the largest specialization 
measure observed that is no greater than the top quartile plus one and one half times the inter-quartile 
range. Similarly, the lower adjacent value is the lowest specialization measure observed that is no smaller 
than the bottom quartile minus one and one half times the inter-quartile range. 

Lastly, the upper and lower points correspond to observations in the original distribution that lie outside 
the upper and lower adjacent values and hence represent outliers. 

 

3.2.3. Cross-profile plots 

Cross-profile plots provide a graphical way to examine intra-distribution dynamics (Dolado, González 
Páramo, and Roldán, 1994; Quah, 1997). They illustrate when industries overtake one another, fall behind, 
or pull ahead. The idea is that one curve is plot for each period of time with the lowest for the earliest time 
period and the upper curves being progressively later periods in time. The lowest curve is constructed to 
be monotone rising, i.e., in the first period the cross-section of industries is sorted in increasing order in 
terms of the relevant specialization measure. This order is then maintained throughout the whole sample 
period. The presence of increased choppiness, increased jaggedness, or increased variation over time are 
indicators of intra-distribution churning. In particular, the shape of the plots conveys information on 
mobility in specialization patterns. Therefore, if, over time, cross-profiles are always monotonically 
increasing, then industry rankings do not experience significant changes. On the contrary, if the cross plot 
becomes jagged, then sectors are changing ranks over time.  

 

3.3. Estimation methodology 

 

3.3.1. Transition matrices 

 

Let ecit be the extent of specialization of country c in industry i in period t. A country’s pattern of 
specialization at a point in time is characterized by the cumulative distribution function of ecit across 
industries i, Fct(e). Let ctλ  be the probability density function that corresponds to Fct (Redding, 2002). Then,  

( ) ( ) ReeFe ctct ∈∀=−∞ ],()20( λ  

The dynamics of a country’s pattern of specialization correspond to the evolution of the entire cross-
sectional distribution of e over time. The intertemporal evolution of this distribution, following Quah 
(1993), may be modelled as a discrete-time, finite-state Markov chain.22  

Recall that a stochastic process is a sequence of random vectors that defines a rule giving the probability 
that a system will be in a certain state at a certain point in time given the probabilities of it being in various 
states in previous periods. In particular, when the probability that the system is in any state at period t+1 
depends only on what state the system was in period t, the process is a Markov process (Simon and Blume, 

                                                 
22 For detailed expositions of the Markov chain model see, among others, Kemeny and Snell (1969), Stockey and Lucas (1989), 
and Ljungqvist and Sargent (2000). 
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1994). Therefore, the evolution of the distribution is modelled by means of a stochastic difference 
equation with the following form: 

( ) tintegeruP ttccct ,)21( )1(
*

−= λλ   

where { }tintegeru t : is a sequence of disturbances to the entire distribution and *

tP is an operator mapping 
the Cartesian product of probability measures and disturbances into probability measures.   

Assume that the stochastic difference equation is first-order and that the operator *

tP is time invariant, i.e., 
the process is time-homogeneous (Simon and Blume, 1994). Under these conditions, the equation is similar to 
a standard time-series first order vector autoregression with the difference that instead of taking values 
which are scalars or finite-dimensioned vectors, it takes values that are measures or distributions (Quah, 
1995).23 By suppressing the disturbance term and iterating forwards, we find: 

( ) ( )( ) ( ) ctctccctcctc PPPP λλλλ τ
τττ

*
)2(

**
)1(

*
)( ...)22( ==== −+−++  

To work out the operator *

tP one can discretize the space of possible values of e by dividing it into a 

number of distinct, discrete cells { }Kk ,...,1∈ .24 Each segment then defines one state that depicts a 
particular level of specialization. The first state, k=1, corresponds to the lowest level of specialization, so 
that industries falling in that range are those with low indices, i.e., those in which the country is not 
specialized, and so on until the last state, k=K, corresponding to the highest specialization level, so that 
sectors within that segment are those that have relatively high indices, i.e., those in which the country is 
highly specialized. Clearly, if an industry moves from one state to another, then the country is changing its 
degree of specialization in that sector and consequently its specialization patterns. Formally,  
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where ctλ is a Kx1 vector of probabilities that an industry occupies a given grid cell in country c in time t 
and thus typical element k

ctλ denotes the share of industries in which country c has a level of specialization 
k  (within the corresponding segment) at time t. In this context, the operator *

cP becomes a transition 
matrix, whose typical element kl

cp indicates the probability that a sector beginning in state k  moves to state 
l, i.e., the probability that the country changes the degree in which it specializes in particular sectors from a 
level k  to a level l. Similarly, kk

cp is the probability that a sector starting in state k  remains there after one 
transition period, so that the country does not modify its degree of specialization. Thus, high probability 
values along the diagonal signal persistence in specialization patterns, while the opposite holds for large 
off-diagonal values (Redding, 2002). 

The discretization of the space of specialization measures into a finite number of intervals can be made in 
terms of proportionally-defined state grids, in which case the distance between the fixed upper endpoints is 
proportional or equal (Hinloopen and Marrewijk, 2000). This strategy is shown in figure 3.a. It presents 
the kernel density estimate of the logarithm of a specialization measure, ranging between –4.19 and 0.59. 
The relevant space of this measure can be discretized in the following five segments with equidistant 

                                                 
23 Note that the equation (14) could not be written as a vector autoregression taking values on the unit simplex: 

ttccct uM += − )1(

*λλ  with M* a square matrix. If that would be possible, then the matrix M* would be identified from and 

uniquely determined by the sequence { }tintegerct :λ . Nevertheless, for describing distribution dynamics, multiple M’s can be 
associated with any given distribution sequence. Thus, the difference equation (14) must contain strictly more information than 
the VAR formulation (Quah, 1996).  
24 One shortcoming of the approach used here is that discretization might cause a failure of the fundamental Markov property 
to hold (Chung, 1960; Bulli, 2000). 
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upper endpoints: [-5.5,-4];(-4,-2.5];(-2.5,-1];(-1,0.5];(0.5,2]. Alternatively, we can discretize the space in 
terms of uniformly-defined-states, i.e., country-industry-year observations are roughly equally divided between 
cells while the upper endpoint may vary across estimations (Proudman and Redding, 1997,1998; Mancusi, 
2000, 2001; Redding, 2001, 2002). This is illustrated in figure 3.b. Each segment, [-5.500,-0.771];(-0.771,-
0.146];(-0.146,0.211];(0.211-0.421];(0.421,2.000], contain the same number of sectors. Here, we will use the 
second strategy. In particular, we will define five states of specialization, so that one quintile of the relevant 
distribution falls in each grid cell.  

 

                             Figure 3.a.                                                              Figure 3.b. 

        

Transition probabilities may be calculated by counting the number of transitions out of and into each 
discrete cell and then normalizing the count by the total number of observations beginning in that 
particular cell (Basawa and Prakasa Rao, 1980). It is possible to show that  transition probabilities 
estimated in this manner correspond to those of Maximum-Likelihood estimation. 

The matrix encodes information on both the degree and the pattern of mobility in specialization patterns, 
since it provides a quantification of the relative frequency of movements of sectors across specialization 
levels for different initial specialization levels. Thus, it highlights how frequent changes are in the degree of 
specialization exhibited by a country in sectors in which it was initially differently specialized. 

Estimates of transiting between different levels of specialization for each country for one year, five year, 
and ten year periods are presented in the appendix. Reported tables should be interpreted in the following 
way: numbers included in the third column indicate the total number of industry-year observations 
beginning in a particular cell; the second row (column) contains the upper endpoint (ue) of the 
corresponding state identified in the first row (column); remaining rows show the estimated probability of 
passing from one state into another. In particular, the second row highlights the probability of remaining 
in the same state of low specialization and the probabilities of evolving into states of higher specialization.  

For example, consider the first table showing the one-year transition probabilities for normalized value 
added shares in Argentina (Table A3.3). The first element of the third column indicates that 156 industry-
year observations began in the lowest state of specialization for the country under study. Adjacent values 
suggest that  92% remain in that low state, while 8% transit to the next. Turn now to the fourth state. In 
this case, 156 industry-years pairs started in that state and after one year, 85% remained there, while 6% 
transited to a lower state of specialization and 9% evolved to a higher state of specialization.  
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3.3.2. Ergodic distribution 

The limit ( ) ctctc Plim λλ τ

ττ
τ

*

)( lim 
∞→+

∞→
=  allows us to derive the implied ergodic or stationary distribution. A 

distribution is called stationary if it satisfies: cttc λλ =+ )1( , so that it remains unaltered with the passage of 
time; in other words, the conditional probability of occupying a particular grid in the next period is the 
same as the unconditional probability and thus independent of the initial class. Then, taking into account 
the law of motion defined by equation (16), the stationary distribution must satisfy: 

( ) 0 ** =−⇒= ccccc PIP λλλ . The last equation determines cλ as an eigenvector associated with a unitary 
eigenvalue of *

cP   (Ljungqvist and Sargent, 2000).25 The stationary distribution is described by the 
following unconditional probabilities (Magrini, 1999): 

∑
=

=
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l
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A

1
)1(

)1(λ  

where ( )1ckkA is the (k,k)th cofactor of the matrix A c(1)=(I-Pc).  

This distribution is the long-run distribution towards which specialization patterns evolve and provides 
insights regarding the behaviour of the external shape of the distribution of specialization measures. It 
allows to answer questions such as: Does cλ tend towards a degenerate point measure, such there is 
convergence towards uniformity across sectors? Does cλ tend towards a bimodal measure, such that a 
sectoral polarization is emerging with countries specializing in a subset of sectors and markedly de-
specializing in the remaining ones? 

The ergodic distribution is presented in the final row of tables containing transition matrices (Table A3.3). 
A comparison between the distribution of industries across levels of specialization in the first sample year 
and the ergodic distribution allows conclusions to be drawn about the evolution of the external shape of 
the distribution and hence the overall degree of specialization. 

 

3.3.3. Mobility indices 

Transition matrices provide a complete picture of the evolution of specialization patterns. The information 
given by those matrices can be summarized through mobility indices down to a one dimensional scalar 
representation. They formally evaluate the degree of mobility of sectors across different levels of 
specialization and facilitate cross-country comparisons in this respect (Redding, 2002).  

Mobility indices are continuous real functions M(.) defined over the set of transition matrices. They take 
values on the interval [0,1]. 0 corresponds to a scenario of immobility; it is associated with the identity 
matrix, since in this case there are no transitions across strata and sectors remain where they started. 1 
corresponds to a situation of perfect mobility; it is associated with a transition matrix with identical rows 
(or columns), as in this case the probability of moving to any state of specialization is independent of that 
originally occupied (Shorrocks, 1978).26 

                                                 
25 The fact that P is a stochastic matrix, i.e., it has nonnegative elements and the sum of its rows equals to one, guarantees that P 
has at least one unit eigenvalue (Ljungqvist and Sargent, 2000). The reason is that, because the rows of the square matrix that 
result from subtracting 1 from each diagonal entry add up to (0,…,0), the columns are linearly dependent and the matrix is 
singular (Simon and Blume, 1994).  The unitary eigenvalue is the largest eigenvalue in absolute value of the transition probability 
matrix (Simon and Blume, 1994); in other words, the modulus of the other eigenvalues is bounded from above by 1 (Hinloopen 
and Marrewijk, 2000). 
26 One main problem of previous measures is that they do not allow for a clear description of the changes occurring in industry 
rankings. If some industries move up (down) from the lower state to the higher specialization state, then the rankings of 
involved industries must have changed. However, the characterization of the variations in rankings originating in the transition 
probability matrix faces two main difficulties. On the one hand, the discretization of the state space impedes observation of 
what is happening within each discrete state. Only when industries move across levels of specialization we do observe mobility. 



 22

There exist several mobility indices. In the empirical analysis we will use two of them. 

The first index evaluates the trace, tr, of the transition probability matrix (Shorrocks, 1978). Specifically, it 
examines the relative magnitude of diagonal and off-diagonal terms and is equal to the inverse of the 
harmonic mean of expected durations of remaining in a given grid cell. Formally, 

( )
1

)24(
*

1

−
−=
K

PtrK
M c

c
 

Recall that the diagonal elements give the probability of remaining in the same class. The complement 
then provides a notion of the ongoing mobility. 

The second index evaluates the determinant, det, of the transition probability matrix (Shorrocks, 1978).27 
Formally,  

( )*2 det1)25( cc PM −=  

 

3.3.4. Hypotheses testing 

The asymptotic properties of the first–order Markov chains can be used for hypothesis testing purposes 
on the estimated transition probabilities (Anderson and Goodman, 1957). Under the null hypothesis 

klkl qp = , the transition probabilities for each state k have an asymptotic 2χ distribution: 
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where klp  are the estimated transition probabilities, klq are the probabilities of transition under the 
(known) null and )(tN k denotes the number of industries in cell k  at time t. The test may be applied for 
each state k=1,…,K. Now, since the transition probabilities are independently distributed across states k , it 
is possible to sum over states and to test the hypothesis that, for all states, the estimated transition 
probabilities are equal to those under the null. The resulting statistics is asymptotically distributed 

( )( )12 −KKχ  (Redding, 2002). 

In the empirical analysis we will test two main hypothesis. First, we will test whether the dynamics of 
specialization patterns are statistically similar across countries. Transition matrices contain information on the 
degree and the patter of mobility in specialization. The test is based on a comparison of transition 
matrices. The central idea is to assume that the Data Generating Process (DGP) underlying each country’s 
specialization pattern is the estimated matrix of transition probabilities for other country or a group of 
countries. Then it is possible to test whether the transition probabilities estimated for each country are or 
not statistically significantly different from the null that is given by other country’s transition probabilities 
(Proudman and Redding, 1997; Hinloopen and Marrewijk, 2000; Mancusi, 2000, 2001) or by those of the 
full sample of countries (Proudman and Redding, 1998). 

Second, we will test whether the dynamics of specialization patterns have suffered significant changes after trade 
liberalization took place in the region.28 This amounts to providing an empirical answer to the question posited 

                                                                                                                                                                       
On the other hand, observing movements of an individual industry between states of specialization does not necessarily imply a 
change in rankings (Overman and Ioannides, 1999).  
27 Note that the second index yields the complete mobile value, M(P)=1, when only two columns are identical. There are also 
indices, which are based on the eigenvalues, ξ , of the transition probability matrix, whose powers determine the rate of 

convergence to the ergodic distribution (Geweke, Marshall, and Zarkin, 1986). Formally, 
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Given that P, by construction, is always a square positive definite matrix, the sum of eigenvalues is then equal to its trace, so 
that M1= M3. Further, the product of the eigenvalues is equal to the determinant of the considered matrix, so that one can also 
express the second measure in the following form: mm

cM ξΠ−= 12  
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by the theoretical model (hypothesis H4). Again, the idea is to compare transition matrices. In this case, we 
test whether transition probabilities estimated for each country over the periods 1990-1991/ 1997-1998 
and 1991-1992/ 1997-1998 are or not significantly different from the null given by the transition matrix for 
the whole sample period. 

 

4. Results 

 

The theoretical model developed in Section 2 identifies three dimensions of specialization:  production, 
total trade, and regional trade, and focuses on two aspects of their evolution over time, its overall extent 
and the intra-distribution dynamics. This section is devoted to an empirical study of specialization patterns 
in Argentina, Brazil, Uruguay, and Chile that considers the two theoretical aspects. A natural way to 
organize this section is to examine each of the dimensions of specialization. For each case, the common 
outline is as follows. First, we identify the data sources and characterize the data, specifying the sample 
period and the corresponding sub-periods. Second, we define the relevant specialization measures. Third, 
we present a preliminary data analysis based on the complementary graphical tools and a cross-sector 
classification. We will use the kernel density estimates and the Tukey-box-plots to give insights about the 
external shape of the distribution of specialization measures and thus about the overall degree of 
specialization. The Cross-profile plots and the aforementioned classification will be used to make an 
informal inspection of the extent and the pattern of mobility in sectoral specialization. Fourth, we report 
estimation results from the distribution dynamics approach. This econometric evidence will allow us to 
draw conclusions on a formal basis. By comparing the ergodic distribution and the initial distribution we 
will establish the implicit trend in the overall extent of specialization. Looking at the transition matrices 
and the corresponding summary indices allows us to get valuable information about the degree of 
persistence or mobility of specialization patterns. Finally, we will use the tests defined in the previous 
section to identify differences across countries and over time, examining whether specialization dynamics 
have changed following the trade liberalization in Latin America.  

 

4.1. Production patterns 

 

4.1.1. Data 

Data for analysing production specialization patterns come from the database PA DI (Program for 
Analysis of Industrial Dynamics) prepared by the Unit of Industrial and Technological Development at 
ECLAC (Economic Commission for Latin America and Caribbean). PA DI provides consistent 
information on manufacturing value added at the 3-digit level of ISIC (International Standard Industrial 
Classification), Revision 2, and on national GDP for Argentina, Brazil, Uruguay, and Chile for the period 
1970-1998.29 For the sake of removing spurious short term fluctuations the preliminary analysis will be 
based on four-year averages corresponding to the following sub-periods: 1971-1974, 1975-1978, 1979-
1982, 1983-1986, 1987-1990, 1991-1994, and 1995-1998.  

                                                                                                                                                                       
28 Bickenbach and Bode (2001) present several robustness checks related to Markov processes.   
29 In the case of Uruguay, available information on value added ends in 1996. There are 28 industries in the 3-digit ISIC, Rev. 2. 
See table A2.1 in Appendix A2 for a specification of industry codes.  
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4.1.2. Measurement 

Production specialization in an industry is measured using the share of the industry in the country’s 
GDP.30 Formally,  
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In general, for the countries under analysis, the manufacturing sector has experienced a steady reduction in 
its of GDP over time. In order to control for this effect, the above measure can be normalized by the 
average share of all manufacturing industries (Redding, 2002). Formally,  
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The normalization removes the general decline in the average GDP share of the manufacturing sector, so 
that the measure only captures specialization within manufacturing. Note that the mean of sn is equal to 
one at each period and, thus, if sn  takes a value larger than 1, the industry under consideration has a share 
in GDP which is larger than the average share. 

 

4.1.3. Preliminary data analysis 

Figure A3.1 gives a first approximation to production specialization patterns in the countries considered. 
It reports the 4-year average of normalized value added shares across sectors for each country over the 
period 1971-1998. Thus, industries are correlatively numerated from 1 to 28 (311 to 390, respectively) on 
the x-axis; sub-periods are also correlatively numerated from 1 to 7 (1971-1974 to 1995-1998) on the y-axis; 
and normalized shares of each sector in national GDP are measured on the z-axis. 

The figures show several patterns across countries. First, Brazil has a more even distribution of shares 
across sectors than the other countries, suggesting that its degree of specialization is the lowest of the 
group. This is completely reasonable given the distribution of relative sizes, since large countries are likely 
to have more heterogeneous economic and natural endowments.31 Further, scale economies might be 
exhausted for a larger number of industries. Second, sectors that intensively use factors in which the 
countries are relatively well endowed, such as food products, occupy a central position in the economic 
structures. Third, sectors that are closely linked to natural resources also exhibit relatively large shares; this 
is specially true for petroleum refineries in Argentina (petroleum) and non-ferrous metals in Chile 
(copper).    

Figure A3.2 presents a sequence of kernel density estimates showing the distribution of normalized value-
added shares for each country for 4-year-sub-periods for the period 1971 to 1998. The logarithm of the 
normalized value added share of each sector in national GDP appears on the horizontal axis and the 
associated relative frequency is measured on the vertical axis. Table A3.1 reports the respective Silverman 
test for multimodality. Figure A3.3 shows a Tukey box-plot with the same specialization measure for each 
defined sub-period in each country. Figure A2.4 presents the cross-profile plots. Finally, Tables A3.2 
classifies sectors according to the changes experienced in the respective normalized value added shares 
(“Increasing”, “Decreasing”, and “Constant”). The table also discriminates within categories whether 
sectoral share is above or below the mean. 

                                                 
30 This measure of specialization is theory-consistent and can be derived from a neoclassical framework. See, for instance, Dixit 
and Norman (1980), Woodland (1982), Harrigan (1995, 1997), Harrigan and Zakrajsek (2000), and Redding (1999, 2001, 2002).  
31 This result can be derived from the theoretical model presented in section 2. An increase in the relative size results in an 
augmentation of the range of goods domestically produced and thus lowers specialization.  
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Argentina seems to have moved away from a unimodal configuration since the mid-eighties (Figure 
A3.2a). The Silverman test for multimodality detects at least two modes in 1987-1990 and 1991-1994.32 
Hence, at least two groups of sectors can be statistically identified, which amounts to an increasing 
polarization across industries and thus to a higher specialization. Specifically, the sectoral disparity at the 
middle of the distribution deepens, which clearly manifest itself in the higher average height of the box in 
the respective Tukey box-plot in the last 3 sub-periods. Further, transport equipment outperforms the 
remaining sectors becoming the third outlier in the last sub-period jointly with food products and 
petroleum refineries (Figure A3.3a).  

Brazil moves out from a unimodal distribution earlier than Argentina (FigureA3.2b). According to the 
Silverman test, since the beginning of the eighties at least two groups of industries can be statistically 
distinguished, again indicating an increasing polarization across sectors and consequently greater 
specialization. The distribution spreads apart at the middle, which can be easily seen in the rising height of 
the box in the respective Tukey box-plot. Finally, we observe that there is one outlier, food products, only 
in the first 3 sub-periods (Figure A3.3b). 

Uruguay shows a more spread out distribution than Argentina and Brazil (Figure A3.2c). The country 
seems to evolve towards a tri-modal distribution with two main peaks and a very small one at a point well 
below the mean. The Silverman test suggest that, in fact, the null hypothesis of 3 modes cannot be rejected 
for the sub-period 1991-1994. Therefore, the country is witnessing a stratification process across sectors, 
which also indicates greater specialization. The distribution spreads out due to both developments at the 
middle and at the tails, which can be appreciated in the respective Tukey box plot. Uruguay is increasingly 
specialized in food products, a sector which already had a relatively large share. This is reflected as the 
upper outside value moves further away from the box in the Tukey-box-plot (Figure A3.3c). 

Finally, Chile evolves towards a bi-modal distribution, which is corroborated by the fact that the null 
hypothesis of two modes cannot be rejected in the last sub-period (Figure A3.2d). Unlike Argentina and 
Brazil, the two peaks are very asymmetric. Again, there seems to prevail a tendency towards increased 
specialization. In particular, from the sub-period 1987-1990, the distribution of normalized valued added 
shares across sectors spreads out at the middle and at the left tail. The Tukey box plot permits verification 
that food products, one of the outliers, replicates the pattern observed in Uruguay, while non-ferrous 
metals looses relative importance, which can be seen in the movement of the outside value in the Tukey 
box-plot towards the box (Figure A3.3d).  

The spreading out of the distributions taking place in the considered countries obeys the fact that 
countries are increasingly specializing in certain sectors and increasingly specializing away from other 
sectors. Which are these sectors? Cross-profile plots (Figure A3.4) present an informal graphical answer. 
Sectors in which the country is increasingly specializing in are associated with local peaks, whereas sectors 
in which the country is increasingly specializing away are associated with local valleys. For example, other 
chemical products is a local peak in the four countries, while industrial chemicals and transport equipment 
is a local peak in Argentina and Brazil. On the other hand, textiles is a local valley in Brazil, Uruguay, and 
Chile, as is wearing apparel in Argentina. The overall message is that sectors seem to be changing rankings 
over time and therefore there is considerable mobility in specialization patterns.  

Tables A3.2a and A3.2b provides a systematizing classification of sectors.    

First, countries are increasingly specializing in food products and in sectors that process natural resources 
and produce industrial commodities such industrial chemicals, other chemical products, iron and steel, and 
petroleum refineries.  

Food products have been a traditionally important sector, consistent with the comparative advantage that 
the region enjoys for agricultural activities. The opening of the economies and, in particular, the 

                                                 
32 The fact that unimodality cannot be rejected in the last sub-period, 1995-1998, does not necessarily mean that there is only 
one group in the data. It is possible that, in fact, there are two groups that cannot be distinguished because the modes are not 
well separated (Bianchi, 1997).  
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suppression of the negative biases for the sector implicit in the import-substitution policies favoured its 
relative expansions.  

In the remaining sectors the state played a decisive role until the end of the eighties. Thus, in Argentina 
and Brazil the state directly participated through public companies and instrumented specifically directed 
policies in the form of generous subsidies for investments, setting of favourable prices, and high tariff and 
non-tariff protection (GIE, 1999; de Paula, 2002). During the nineties, both countries proceeded to 
privatise public firms and deregulate those sectors. They went through a substantial restructuring process, 
which implied a drastic rationalization of processes, inputs, and personnel. In this respect, the elimination 
of several obstacles to the imports of capital goods contributed to a sectoral technological upgrading.33 As 
a consequence, labour productivity grew notoriously over the period; in most cases the productivity gap 
with respect to the United States declined significantly (Katz, 1999). Finally, some sectors were object of 
differentiated policies within Mercosur. For instance, Argentina incorporated diverse iron and steel 
products in the list of exemption from free trade within the bloc (INTAL, 1997)34. As a result a 
complementary process between Argentinean and Brazilian firms developed with the former elaborating 
higher added value products and the later concentrating on semi-finished products and ingots (CEI, 1998). 
On the contrary, most petrochemical products are freely traded within the bloc. In this case, the creation 
of Mercosur per se tended to promote complementarities between plants of multinational firms and even 
associations between Argentinean and Brazilian companies with the aim of exploiting the higher operation 
scales that the enlarged market made possible; it also eased contacts with clients in the neighbour country, 
which resulted in an increasingly differentiated supply (Hasenclever, López, and de Oliveira, 1998).    

Second, larger countries are also increasingly specializing in transport equipment and thus reverting the 
tendency towards specializing away from this sector that prevailed during the eighties, a decade of marked 
macroeconomic instability. This industry has received preferential tariff and fiscal treatments, both at the 
national and the Mercosur level. Specifically, the “Automotive Regimes” implemented in Argentina and 
Brazil protected producers located in the region from foreign competition by means of tariffs and 
quotas.35 However, they also had some singularities that differentiated them from the classical vertical 
policies applied in the past. Firms were allowed to compensate exports with imports at differential tariff 
rates. This induced them to specialize in narrower range of models in order to attain more efficient 
operation scales (Bastos Tigre, Laplane, Lugones, Porta, and Sarti, 1998; GIE, 1999). Moreover, the 
schema included explicit requirements of investments in technological modernization. This favoured the 
adoption of new organization and productive techniques. As a result, labour productivity also experienced 
a significant growth in this sector (Katz, 1999).  

Third, countries are specializing away from sectors that intensively use labour such as textiles, wearing 
apparel, and footwear. These sectors were particularly affected by the increased competition from 
producers located in countries where lower wages prevail, which followed the unilateral opening of the 
economies (Katz, 1999).36  

Fourth, there are interesting differences across countries. For example, Argentina is clearly specializing 
away from non-electrical machinery. This sector was particularly affected by the trade liberalization 
attempted at the end of the 1970s under an appreciating exchange rate and by the relative tariff policy 

                                                 
33 In Argentina, tariff rates on capital goods were zero between 1993 and 1995 (Chudnovsky and Erber, 1998). Given the 
rigidities in labour markets, this gave rise to a decrease in the relative price of capital, which benefited industries using 
intensively this factor, as noted above, and affected the sectors producing those goods.  
34 Products from this sector accounted for more than 50% of the total number of exemptions solicited by that country.  
35 Uruguay has also established special conditions for the industry in question. Trade flows with Argentina and Brazil were 
regulated through the bilateral agreements CAUCE and PEC, respectively (Bastos Tigre, Laplane, Lugones, and Sarti, 1998). 
Chile has also implemented a sectoral policy towards the auto industry called “Automotive Statute”, which allows firms to 
import CKD (Completely Knocked Down), i.e., kit of parts without any degree of assembly, and  SKD (Semi Knocked Down), 
i.e., kits with some partial degree of assembly, on a tariff-free basis provided that they are covered by exports of domestically 
produced components with the same value. Further, the regime also conceded tax credits to firms for domestically produced 
components that were exported; this was suppressed at the end of 1998 (Agosin, 1999). 
36 Also in those cases, member countries of Mercosur made provisions exempting certain products from free trade within the 
bloc (INTAL, 1997).  
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pursued since the beginning of the 1990s (Chudnovsky and Erber, 1998; Chudnovsky, López, and 
Melitsko, 2000). This in not the case for Brazil, where the sector remain highly protected over a long 
period. Uruguay and Chile even seems to be re-specializing in non-electrical machinery towards the end of 
the 1990s. On the other hand, Argentina and Brazil, particularly from 1987 onwards, have specialized away 
from engineering-intensive sectors, e.g., professional and scientific instruments and fabricated metal 
products, while the opposite seems to be the case in Uruguay and Chile. After 1987, Argentina, Uruguay, 
and Chile are increasingly specialized in other non-metallic minerals and printing and publishing, while 
Brazil exhibits an opposite pattern. In particular,  the Argentinean cement industry, one relevant 
component of the non-mineral sector, experienced a notable expansion thanks to the reactivation of the 
construction industry stimulated by the macroeconomic stability achieved at the early nineties and the 
materialization of several infrastructure projects associated with the privatisation process (GIE, 1999).          

In summary, the sequence of distributions of normalized value added shares shows a tendency to spread 
out, particularly over the last 3 sub-periods, and thus an increasing disparity across sectors in all countries. 
This tends to manifest itself in an emerging bimodal configuration, which amounts to an increasing 
polarization across industries. In short, countries show a trend towards greater specialization. According to the 
theoretical model presented in Section 2, this is exactly what we should expect in countries that 
implemented trade liberalization initiatives. The observed polarization results from the fact that countries 
are increasingly specialized in sectors that use intensively their natural resources, in accordance with their 
static comparative advantage, as well as in sectors that are favoured by public policies, while increasingly 
specialized away from sectors that use intensively labour.   

 

4.1.4. Estimation results 

 

Overall specialization 

One-year transition probabilities of normalized value added shares for the pooled countries suggest that 
they are evolving towards a twin-peaked distribution with strictly larger probability at the two lower states 
and the highest one (Tables A3.3). This amounts to a rising sectoral polarization. Although with different 
intensity and shades, this pattern is observed in each of the countries under examination. It also roughly 
replicates for longer transition periods, five and ten years. Notice that lower states gain shares as the time 
horizon for  transition expands, particularly in the case of Argentina. 

In summary, as predicted by the theoretical model for liberalizing economies presented in this paper, 
countries have a tendency towards increased overall degrees of specialization in production.  

 

Intra-distribution dynamics 

Transition probability matrices shown in Tables A3.3 indicate, first, that there is evidence of considerable 
mobility in production specialization patterns. The maximum probability of abandoning a given state after 
one year transitions goes from 0.15 in Argentina to 0.28 in Uruguay. Second, mobility seems to be more 
important at the middle of the distribution. Industries that start or move to the lower or upper levels of 
specialization are likely to remain there. For example, the transition probability matrix estimated for the 
pooled countries. The probability of moving out of a certain state of specialization after one year is 0.06-
0.08 at the extreme states and 0.16-0.18 at intermediate states. In short, mobility is asymmetric. It seems 
more unlikely that a country increases (decreases) the specialization level in a sector in which is markedly 
de-specialized (specialized) than for sectors in which they exhibit intermediate specialization levels. Third, 
as expected, the magnitude of the elements of respective main diagonal tends to decrease as the transition 
period increases, suggesting a rising mobility as time horizons expand. Consider again the transition 
probabilities estimated for the pooled countries, but now over five and ten years. In those cases, the 
probability of exit from a grid are 0.13-0.16 and 0.16-0.17 at extreme states and 0.35-0.39 and 0.43-0.51 at 
intermediate states, respectively. Note that those results are not specific to the selected transition periods. 
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Transition probabilities estimated over four and nine years convey essentially an identical message. The 
same also holds for different discretization strategies (four and six grids instead of five).37  

  

Mobility  

Mobility indices are presented in Table A3.4. Brazil exhibits the lowest mobility in the production 
specialization pattern over the one-year period and Argentina for larger transition periods. While Uruguay 
is the country with the highest mobility for one- and five-years transitions, when a ten-years transition is 
considered Chile becomes the country with the most mobile production structure. 

 

Cross country comparisons and time stability 

Obtained statistics indicate, first, that there is evidence of similarity in production specialization dynamics 
between Argentina and Brazil for one and five years transitions and that there are significant differences in 
this respect for all other possible countries pairs and time horizons (Table A3.5). 

Second, transition probability matrices seem to be stable over time. They seem not have changes after 
1990 or 1991 in the countries considered (Table A3.6). Thus, the empirical answer to the question about 
the impact of openness on specialization dynamics is that trade liberalization was not associated with a 
substantial change in mobility patterns in the Southern Cone countries. 

 

4.2. Total trade patterns 

 

4.2.1. Data  

Data for examining total trade specialization patterns originated from PA DI (Program for Analysis of 
Industrial Dynamics) which provides consistent information on manufacturing exports at the 3-digit level 
of ISIC (International Standard Industrial Classification), Revision 2, for Argentina, Brazil, Uruguay, and 
Chile for the period 1970-1998, and from the database of the World Bank elaborated by Alessandro Nicita 
and Marcelo Olarreaga that provides  information on exports also at the 3-digit level of ISIC, Revision 2, 
for 50 other countries. Available data for those countries spans at least 1981 to 1998. By adding up their 
exports to those of the countries considered in this study we have obtained a measure representative of 
what might be seen as “world exports”.  The sample period is then split out in four sub-periods: 1983-
1986, 1987-1990, 1991-1994, and 1995-1998. 

 

4.2.2. Measurement 

The extent of the overall manufacturing trade specialization in an individual sector may be characterized 
through the Balassa Index (1965), also known as the revealed comparative advantage index.38 The index is defined 
as the ratio of the share of the considered economy in world exports in the sector under study to its share 
in world exports in all sectors.39 Formally,  

                                                 
37 Tables with estimated transition probabilities over four and nine years and with four and six grids can be obtained from the 
author upon request.  
38 Kunimoto (1977) argues that the Balassa Index can be interpreted as a ratio between actual and expected trade, where actual 
trade is equal to the volume of a country’s export in the sector under consideration and expected trade is equal to total country’s 
exports times the share of that sector in world exports. Nonetheless, such a formulation implies to assume that it is possible a 
separation between the determinants of the total volume of exports of a country and the determinants of its composition 
(Brasili, Epifani, and Helg, 1999). Thus, contrary to the measure for production, this is an ad-hoc measure that cannot easily 
relate to general equilibrium trade theory (Redding, 2001). 
39 This index can also be seen as the ratio of a given sector in a country’s total exports to the share of the same sector in total 
world exports.   
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This index yields information about the pattern of international trade specialization. It assesses the share 
of a country in an individual sector relative to the benchmark  given by the share of the country in world 
total exports. Ranging between 0 and infinity, a value above unity indicates that the country is specialized 
in the corresponding industrial sector. 

According to Proudman and Redding (1997,1998), one disadvantage of the index is that its arithmetic 
mean across sectors is not necessarily equal to one. Effectively, the numerator of the equation is not 
weighted by the proportion of total exports accounted for a given sector, while the denominator is a 
weighted sum of exports shares in all manufacturing sectors. Thus, if an economy’s trade pattern is 
characterized by high export shares in a few sectors, each of which accounts for a small share of total 
world exports, this implies high values for the numerator and low values for the denominator in that 
equation. As a consequence, the economy will exhibit a mean value of BI larger than 1. They further argue 
that mean values of the index may change over time, so that, as measure by the BI, an economy 
experiences variations in its specialization degree over time. Therefore, in order to highlight changing 
pattern of international trade specialization across individual industrial sectors, they suggest the use of a 
modified version of the Balassa Index, in which a different benchmark is adopted, namely, the average share 
of a country in all manufacturing sectors. Formally, 
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Note that the measure implies a normalization of the Balassa Index by its cross-sectional mean, which 
permits abstracting from changes in the average extent of specialization that this measure is subject to 
(Proudman and Redding, 1997). Thus, this transformation is consistent with the normalization of the 
production measure, since the mean at each period is equal to one and if the index takes a value greater 
than one, the share of the country in the relevant sector is larger than its average share in all manufacturing 
sectors and thus it is considered specialized in that sector. On the other hand, the normalized index ranges 
between 0 and N.40 Therefore, as with the original index, BIn  is asymmetric.41 

                                                 
40 Assume that the country under study only exports in the considered sector and no other country registers exports in that 
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41 Laursen (1998) and Brasili, Epifani, and Helg (1999) propose the use of another modified version of the Balassa-index, which 
resembles the logarithm transformation in terms of its properties and which makes the index a symmetric measure. Formally, 

[ ]1,1
1

1´ −∈
+
−

=
cit

cits

cit BI

BI
BI . In fact, it is a monotonic transformation that reduces the weight of extreme observations and hence 

ameliorates the usual degree of non-normality of the measure (which is very useful for conventional econometric analysis). 
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4.2.3. Preliminary data analysis 

Figure A4.1 provides a first look at overall trade specialization patterns in examined countries. It presents 
the 4-year average of normalized Balassa indices across sectors for each country over the period 1983-
1998. Thus, industries are correlatively numerated from 1 to 28 (311 to 390, respectively) on the x-axis; 
sub-periods are also correlatively numerated from 1 to 4 (1983-1986 to 1995-1998) on the y-axis; and 
normalized sectoral Balassa indices are measured on the z-axis. 

Observe, first, that Brazil again has a more uniform distribution of the specialization measure across 
sectors than the other countries; this implies that the country has the more diversified relative 
manufacturing export structure and hence the lowest specialization degree.42 Second, countries have 
revealed comparative advantage, as measured by the Balassa index, in sectors that make an intensive use of 
factors and natural resources that are relatively abundant in them, such as food products, leather products 
(Argentina and Uruguay); wood products, paper products (Brazil and Chile); petroleum refineries 
(Argentina); and non-ferrous metals (Chile). Third, Brazil and Uruguay are also specialized in labour 
intensive sectors, i.e., footwear and textiles and wearing apparel, respectively.43   

Figure A4.2 shows a sequence of kernel density estimates that corresponds to the distribution of 
normalized Balassa indices for each country for each 4-year sub-period over the period 1983-1998. In 
those graphs, the logarithm of the normalized Balassa index of each sector is measured on the horizontal 
axis, whereas the associated mass in measured on the vertical axis. Table A4.1 reports the respective 
Silverman test for multimodality. Figure A4.3 are Tukey box-plots of those indices for each country in 
each sub-period. Figure A4.4 presents cross-profile plots. Lastly, Tables A4.2 categorize sectors according 
to the sign of the changes in  their respective normalized Balassa index in “Increasing”, “Decreasing”, and 
“Constant” and then additionally identify whether sectors are located above or below the mean.   

Argentina seems to be experiencing a compression of the distribution towards the mean (Figure A4.2a). 
The largest peak increases its height over time and moves to the right. Moreover, one peak becomes more 
pronounced and seems to consolidate above the mean, while the one below seems to be disappearing. 
Formally, the Silverman test for multimodality allows the identification of at least three modes in 1983-
1987/ 1991-1994, but only two modes in the last sub-period, 1995-1998. The compression of the 
distribution can also be appreciated in the corresponding Tukey box-plot (Figure A4.3a). The height of the 
box is, on average, lower in the 1990s than in the 1980s and the outliers, leather products and food 
products, are becoming closer to the box. In short, both the middle and the extremes of the distribution 
contribute to pulling in and thus to a decreasing sectoral disparity and thus to a lower overall trade 
specialization.  

Brazil evolves from a distribution with one main peak slightly below the mean and a significantly smaller 
one below it towards a distribution with two more symmetric peaks around the mean and with less weight 
on the tails (Figure A4.2b). The Silverman test indicates the presence of two modes in the period 1987-
1990/ 1995-1998. Observe, further, that the emerging twin-peaks around the mean imply a spreading out 
of the distribution at the middle, which is confirmed by the rising height of the box in the respective 
Tukey box-plot (Figure A4.3b). Thus, there seems to prevail an increasing differentiation across sectors in 
terms of relative trade performances on that segment. However, the lower mass on the tails is consistent 
with the fact that sectors in which the country is highly specialized such as footwear, iron and steel, and 
food products are being strongly pulled in towards the middle of the distribution, which amounts to a 
sectoral convergence in terms of relative performances. There are opposite movements on different parts 
of the distribution with developments at the middle pushing for higher specialization and developments at 

                                                 
42 Again this is consistent with the theoretical model in section 2.  
43 Argentina and Brazil have also comparative advantage in iron and steel. De Paula (2002) maintains that the competitive 
advantage of Brazilian industry relates to the relatively low labour costs and ferrous-minerals costs.  
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the tails pushing for lower specialization. Overall, the latter dominates, i.e., overall trade specialization has 
declined.44 

Uruguay has a much more dispersed distribution than Argentina and Brazil, but, unlike those countries, 
with a unimodal configuration over almost the whole sample period, as suggested by the Silverman test 
(Figure A4.2c and Table A4.1). Like in those countries, the distribution tends to move to the right. 
Furthermore, the Tukey box-plot leads to concluding that the country exhibits a similar pattern to Brazil, 
i.e., the middle of the distribution of revealed comparative advantage indices spreads out, as indicated by 
the higher average height of the box during the nineties, whereas the extremes of the distribution 
compress in, as shown by the outliers, leather products, food products, and textiles, moving towards the 
box. As in Brazil, the pulling trend dominates, suggesting lower overall trade specialization.45  

Chile also exhibits a more dispersed distribution of normalized Balassa indices. The country experiences a 
compression, but at the same time it is witnessing a multimodalization, which implies a stratification 
phenomenon (Figure A4.2d). Thus, the Silverman test indicates the number of modes grows from one in 
the first sub-period to four in the last sub-period, so that at least four groups of sectors can be identified 
with respect to their relative export performances. The compression is mainly driven by sectors who have 
very low relative importance in national export structure and sectors in which the country have an extreme 
comparative advantage, basically non-ferrous metals, which are converging into the middle of the 
distribution. In this respect, the corresponding Tukey box-plot shows that non-ferrous metals, the most 
prominent outlier, is closer to the box (Figure A4.3d). Once again, the overall picture is one of decreasing 
trade specialization.46 

Evidently, there is a common pattern across countries: sectors in which there is extreme revealed 
comparative advantage as measured by the normalized Balassa index are being drawn into the middle of 
the relevant distributions, which clearly contributes to a reduced degree of trade specialization. On the 
other hand, there are differences among. In Argentina, such a movement is accompanied by an even more 
tight congregation in the middle of those sectors in which the country has intermediate comparative 
advantage (disadvantage), while the opposite is true for Brazil and Uruguay. The question is thus: Which 
sectors are driving those changes? Cross profile plots help to give a preliminary answer (Figure A4.4). 
Note that sectors in which countries are increasingly specialized correspond to local peaks, while sectors 
of which they are increasingly specializing away are identified as local valleys. For example, beverages is a 
local peak in Argentina, Uruguay, and Chile; printing and publishing is a local peak in Argentina and Chile; 
tobacco is a local peak in Brazil and Uruguay; and petroleum refineries are a local valley in Brazil. Again, 
there seems to be noticeable mobility in specialization patterns. 

Intra-distributional mobility patterns can be also examined on the basis of Tables A4.2a and A4.2b which 
present a detailed typology of sectors according to the time profile of their respective normalized Balassa 
index. Some stylised facts are worth mentioning. 

As previously noted, countries are specializing away from sectors in which they initially had extreme or 
relatively high revealed comparative advantage. This is the case for food products and leather products in 
Argentina; footwear in Brazil; textiles, wearing apparel, and leather products in Uruguay; and non-ferrous 
metals in Chile.47 The explanation is twofold. First, as shown in the theoretical model, when several 
countries simultaneously open their economies, the range of goods that are exported increases and a 

                                                 
44 The Herfindahl index calculated on sectoral export shares clearly suggests that export specialization has diminished over the 
period. Terra (1997) detects a movement towards lower sectoral concentration in Brazilian manufacturing exports between 1970 
and 1990 by means of the variance of the contribution to trade index. 
45 The decline in export specialization is confirmed by a reduced Herfindahl index. A similar conclusion was reached by 
Sanguinetti, Pantano, and Posadas (2001) from Gini Coefficients and by Laen and Osimani (2001) from relative entropy indices.  
46 Amin and Ferrantino (1997), using diverse measures, confirm that exports have became increasingly diversified in Chile since 
the mid-seventies.  
47 The share of most of those sectors in world total manufacturing exports is relatively low. Thus, between 1983-1998, they 
account on average for 6.35%, 0.71%, 0.89%, 4.29%, 2.42%, and 2.32% of those exports, respectively.  
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diversification effect occurs48 Second, sectoral specific reasons have a role.49 Two interesting cases are the 
labour intensive sectors footwear and textiles/ wearing apparel. The footwear industry since the late sixties  
developed in Brazil as a result of public aid policies and due most importantly to the relatively low labour 
costs that the country offered. Since the mid-eighties two significant changes have occurred. On the 
supply side, producers from Indonesia and principally China with lower relative labour costs joined the 
world export market. On the demand side, the consumption pattern modified in favour of sport shoes and 
shoes produced with synthetic materials as opposed to leather shoes, the traditional Brazilian export good. 
As a consequence, Brazil lost competitiveness in the sector (da Costa, 2002).50 Textiles and wearing apparel 
have been traditionally important export sectors in Uruguay. By the mid-eighties they jointly accounted for 
more than 35% of total manufacturing exports. The relative decline of those sectors can also be explained 
by supply factors, demand factors, and public policy factors.51 Again, the export market witnessed the 
incorporation of several newcomers from Asia with relatively lower labour costs. On the other hand, the 
world consumption of natural fibers fell relative to that of synthetic and artificial fibers and thus was 
biased against products in which the country had a relative advantage. In addition, the increasing 
sensitivity of sales to fashion variations raised the relative importance of being located near the main 
consumer centres and thus accentuated the locational disadvantages of countries in this region. Lastly, the 
European Union and the United States, two larger importers of products in these sectors, have conceded 
preferential access to their markets to some countries, affecting the relative competitiveness of exporting 
countries and displaced some, in particular. Thus, the share of imports with preferential access in total 
sectoral imports grew from 13.3% to 25.9% for the European Union (North Africa, Eastern Europe, and 
Turkey) and from 2.6% to 13.1% for the United States (Mexico) (Procknik, 2002).52  

Countries are specializing more in sectors that use intensively use natural resources relatively abundant in 
their territories: beverages, tobacco, wood products, furniture, paper products, rubber products, and other 
non-metallic minerals.53 In some of those industries, Argentina and Brazil registered significant increases in 
relative labour productivity. This is the case of furniture, rubber products, and other non-metallic minerals 
(Katz, 1999). 

Argentina, Uruguay, and Chile exhibit increasing specialization in sectors where a priori  from a static point 
of view they do not have a comparative advantage, but who have received public support at the national 
and even at the regional level, e.g., transport equipment and electronic machinery. Argentina has also 
achieved noticeable improvements in labour productivity in those sectors (Katz, 1999).  

There are also differences between countries. Argentina, Chile, and in the last years Uruguay are 
specializing in printing and publishing, whereas Brazil has no clear pattern. This might be explained by a 
comparative advantage at the regional level. In this respect, we should  mention that, according to statistics 
from the Brazilian Ministry of Works, this industry is relatively intensive in human capital. Certain specific 
public policies might also play a role. For instance, some products from this sector face in Argentina lower 
tax charges than the average. Non-electrical machinery has traditionally accounted for higher shares of 
total manufacturing exports in larger countries. Those countries seem now to be specializing away from 
this sector, while the opposite is true for Uruguay and Chile. Further, there are even disparities within the 

                                                 
48 Ffrench-Davis (2002) maintains that the number of products exported by Chile grew from 200 in 1970 to almost 3,900 in 
1996.  
49 The European Common Agriculture Policy might help to explain the appreciated declined in the relative importance of food 
products in some countries (Yeats, 1998). On other hand, the marked fall in the copper price during the nineties might have 
influenced the result for non-ferrous metals (Ffrench-Davis, 2002).     
50 Note that this effect of changes in consumption patterns against goods produced in one country can be also obtained in the 
theoretical model of section 2.   
51 Observe that the sector also lost relative importance in the other countries.  
52 The enumeration of factors corresponds to a study of the Brazilian case, but they are perfectly valid for Uruguay.  
53 It should be mentioned that certain paper products were included in the Regime of Final Adaptation to the Customs Union 
and hence subject to restrictions on trade within the bloc (INTAL, 1997). The dynamics of the paper products in Argentina is 
due essentially to the segment of products with higher differentiation and value added, which had virtually no exporting 
presence in the past, and not to traditional massive papers, where Argentina has clear comparative disadvantages with respect to 
Brazil (CEI, 1998).   
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first group. While in Argentina the share of non-electrical machinery  in total exports fell from 5.33 in 
1991 to 3.90 in 1998, in Brazil it grew from 9.62 to 10.32 over the same period. Therefore, the explanation 
in the first case is the relatively poor performance of this sector, which confirms finding in previous 
sections, while in the second case is that the share increased at a slower path than the share of the same 
sector in world total exports. Lastly, from 1987 onwards Uruguay is specializing away from industrial 
chemicals and other chemical products, which may be attributed to the fact that Uruguay has a 
comparative disadvantage vis-à-vis the larger economies in Mercosur (Terra, 1999).54  

In summary, the analysis of evolving distributions of normalized Balassa indices allows us to conclude that 
a tendency towards decreasing trade specialization prevails. This is consistent with the predictions from 
the theoretical model. This trend is basically driven by the fact that sectors revealing extreme to relatively 
high comparative advantage (disadvantage) are being pulled into the middle, i.e., they are becoming less 
dissimilar with the respect to the average as countries relatively specialize away from (in) these sectors. 
This can be rationalized in terms of sectoral specific developments at the international level and in terms 
of the diversification effect promoted by a generalized trade liberalization. In this last respect, countries are 
becoming increasingly specialized in other sectors that also use their relatively abundant natural resources 
such as beverages, wood products, and paper products, as well as in industries that are favoured by public 
policy, such as transport equipment. 

 

4.2.4. Estimation results 

 

Overall specialization  

Transition probability matrices of normalized Balassa indices for the pooled countries indicate that there is 
an increasing concentration in the higher states, corresponding to an extrapolation of the movement to the 
right observed in the densities and the implied mass at higher specialization values (Tables A4.3).55 This 
feature can be specifically found in Argentina, Uruguay, and Chile. It can be explained through the relative 
persistence at top states and the higher upward mobility at lower states. This is confirmed by looking 
directly at the evolution of the distribution of the relevant index across industries during the sample 
period. In 1981, the number of industries with an index over 0.70 was 9 for Argentina, 9 for Uruguay, and 
5 for Chile. In 1998, the corresponding numbers were 10, 8, and 6, respectively. In turn, between 1981 and 
1998, the number of industries with an index lower than 0.25 fell from 15 to 8 in Argentina. The number 
of sectors with an index lower than 0.20 declined from 14 to 8 in Uruguay; and the 18 industries with an 
index below 0.15 reduced to 11 in Chile. In particular, we observe that the grid cell containing the mean 
and the adjacent ones are those that experience an increase in mass and that display strictly higher 
probabilities. Therefore, the distributions seem to tend toward a more compact configuration around the 
mean, which amounts to a lower total trade specialization. This pattern is accentuated as the transition period 
extends. In the case of Brazil, a bi-peaked format with strictly higher shares at extreme states emerges. 
This is consistent with the spreading out detected at the middle of the distribution in the preliminary 
analysis. Observe, however, that the joint share of the average state of specialization and the two adjacent 
ones does not change (0.64) and that even rises as the transition period increases (0.65 vs. 0.77 and 0.73), 
again, corresponding to a scenario of declining total trade specialization. 

 

                                                 
54 Note, on the one hand, that the normalized value added shares of industrial chemicals also exhibit a declining trend. On the 
other hand, the export coefficient of other chemical products, that is, the ratio of sectoral exports to sectoral value added fell 
between 1991 and 1996.  
55 Such a pattern is similar to the one that Brasili, Epifani, and Helg (1999) found for four Asean countries: Indonesia, Malaysia, 
Philippines, and Thailand.  



 34

Intra-distribution dynamics 

Transition probability matrices allow us to see a significant mobility in specialization patterns (Tables 
A4.3). One figure is illustrative: the probability of moving out of a given state of specialization reaches 
0.98 in the case of Argentina over a ten years period. Moreover, mobility seems to be asymmetric. Over 
shorter periods, mobility is higher at the middle of the distribution than at its extremes. Nevertheless, over 
longer transition periods, total trade specialization patterns exhibit more persistence at higher states of 
specialization, so that there prevails upward mobility. In other words, it seems more unlikely that a country 
drastically reduces its specialization in a sector in which it initially has a high revealed comparative 
advantage than that it changes its specialization in sectors in which it starts with an intermediate revealed 
comparative advantage and even with a revealed comparative disadvantage. Specifically, even though 
countries do reduce their level of specialization in those industries in which they begin with a high 
comparative advantage (as shown by the graphical analysis), this is not enough for countries to change the 
level of specialization in those industries (as defined by the intervals in which the space of specialization 
measure was discretized). On average and as indicated by the respective main diagonal of transition 
matrices, mobility in specialization patterns is higher for total trade than for production patterns. 
Persistence also declines as transition periods become longer. For example, let us examine the estimated 
transition probabilities for the pooled countries. The highest probability of exit from a given level of 
specialization is 0.27 over one year, 0.48 over five years, and 0.66 over ten years. Finally, previous results 
are robust to different discretizations (four and six grids instead of five) and different transition periods 
(four and nine years). 

 

Mobility 

Table A4.4 reports conventional mobility indices. Argentina and Chile show the highest mobility in total 
trade specialization patterns and it remains so regardless of the extension of the transition period. Brazil 
has the most persistent specialization patterns over one and five year transitions, while Uruguay has a 
higher persistence for the ten years period. 

 

Cross country comparisons and time stability 

Test statistics in Table A4.5 permit us to conclude that there are similarities in the dynamics of trade 
specialization patterns between Argentina and Chile, and Uruguay and Chile, but only for the shortest 
transition period. In all remaining cases, the null hypothesis is rejected and we affirm that there are 
prevailing significant differences in trade specialization dynamics across the countries under study. 

Test statistics in Table A4.6 do not allow the detection of a structural break in 1990 or 1991, i.e., transition 
matrices for the period after 1990 or 1991 do not significantly differ from those of the whole sample 
period for the countries being examined. Therefore, as for production patterns, the dynamics of trade 
specialization do not seem to have changed after trade liberalization. 

 

4.3. Regional trade patterns 

 

4.3.1. Data  

Data for investigating regional trade specialization patterns are taken from the database DATAINTAL 
versions 1.0 and 3.0 elaborated by IADB-INTAL (Institute for the Integration of Latin America and the 
Caribbean). This database conveys information on exports according geographical destination for each of 
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the countries under examination at the 2-digit level of ISIC, Revision 3, for the period 1986-1998.56 We 
define three sub-periods: 1987-1990, 1991-1994, and 1995-1998. 

 

4.3.2. Measurement 

One way to specifically assess the regional dimension of the trade specialization process is to take the ratio 
of each sector share in a country’s total exports to the bloc to the share of the same sector in exports to 
the rest of the world. The measure was used by Yeats (1997,1998) in order to examine possible trade 
diversion effects in Mercosur and is formally defined in the following terms: 
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where RBx denotes exports to the regional bloc and ROWx represents exports to the rest of the world.57 

The index ranges between 0 and infinity. A value of 1 indicates the same tendency to exports the good 
under consideration to members of the trade agreement and non-members, whereas increasing values 
suggest a stronger tendency to export to regional markets.  

Following Redding and Proudman (1997,1998) and Redding (2002) and being consistent with previous 
measures, the index is normalized by dividing by the cross-sectional mean. Formally,  
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Observe that again the mean at each period is equal to one. Moreover, if the index takes a value greater 
than one, the exports in the sector under consideration are more biased towards Mercosur than the 
average bias displayed by all sectors.  

 

4.3.3. Preliminary data analysis 

 

Figure A5.1 shows relative trade specialization patterns across destinations in the countries under study 
and presents the 4-year average of normalized regional trade indices across sectors for each country over 
the period 1987-1998. Industries are correlated numerically from 15 to 36 on the x-axis. Sub-periods are 
also correlated numerically from 1 to 3 (1987-1990 to 1995-1998) on the y-axis. Normalized regional trade 
indices are measured on the z-axis. 

Brazil has the lowest level of regional specialization of the group. The distribution of indices across sectors 
indicate that Brazil has the most similar trade patterns across destinations, i.e., what the country trades 
with the region does not markedly differ from what it trades with the rest of the world. On the contrary, in 
the remaining countries we can identify sectors whose relative importance exhibit very pronounced 
disparities across destinations. Thus,  there are sectors that account for relatively large shares in trade with 
the rest of the world but significantly lower shares in regional trade. This is the case of food products and 
                                                 
56 There are 22 industries in the 2-digit ISIC , Rev 3. See table A2.2 in Appendix A2 for a specification of industry codes. 
57 From the behaviour of this indicator, Yeats (1997,1998) argues that most dynamics sectors in Mercosur intra-regional trade 
do not generally display a strong performance in outside markets and that this pattern is due to  the regional-biased opening of 
the economies. Nagarayan (1998), by employing an analogous index on imports figures, concludes that the evidence of trade 
diversion is less clear-cut; in fact, even though there has been growth in intra-regional imports, imports from third countries 
have also risen substantially.    
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beverages in Argentina and Chile; basic metals in Argentina; and textiles, leather, and footwear in Uruguay. 
Recall that these sectors are precisely the industries in which Argentina, Chile, and Uruguay have 
respectively revealed comparative advantage. On the other hand, there are sectors that exhibit the opposite 
pattern, such as coke, refined petroleum products, and nuclear fuel in Uruguay; printing and publishing in 
Chile; and transport equipment (with different time trends in the three countries). As previously noted, 
transport equipment has received special treatment at the national and even at the regional level in the 
context of Mercosur through public policies. These policies combined higher-than-average trade barriers 
protection and incentives to investment. They resulted in a process of intra-industry specialization 
between Mercosur countries. It should be further added that Mercosur absorbed more than 90% of total 
Argentinean and Uruguayan exports of transport equipment in the last sub-period, 1995-1998. A similar 
situation prevails in other sectors matching this pattern. Thus, 80.0% of Chilean exports of printing and 
publishing went to Mercosur countries in 1995-1998, whereas 92.4% of Uruguayan exports of coke, 
refined petroleum products, and nuclear fuel had the same destination during that period.  

Figure A5.2 is a sequence of kernel density estimates that correspond to the distribution of normalized 
regional trade indices for each country for each 4-year sub-period over the period 1987-1998. In these 
figures, the logarithm of the normalized index of each sector is on the horizontal axis, while the 
corresponding density is on the vertical axis. Table A5.1 reports the relevant statistic and significance 
levels of the respective Silverman tests for multimodality. Tukey box-plots for each country in each sub-
period are shown in Figure A5.3 and the cross-profile plots are presented in Figure A5.4. Finally, Table 
A5.2 discriminates among sectors according to the sign of the changes in the respective normalized 
regional trade index (“Increasing”, “Decreasing”, and “Constant”) and additionally specifies whether 
sectors are located above or below the mean. Thus, it is possible to detect which sectors have more 
marked regional biases in trade and whether those biases are accentuated or ameliorated over time.  

Argentina seems to tend to a bimodal distribution with one peak near the mean and one smaller below 
(Figure A5.2a). These peaks become clearly pronounced in the last sub-period, indicating a consolidated 
polarization across sectors. This is confirmed by the Silverman test, which allows the identification of two 
modes in this sub-period. Thus, there are two increasingly differentiating groups of sectors with respect to 
their geographical trade patterns. In short, the country is increasing its regional trade specialization. The Tukey 
box-plot suggests that such a trend is mainly driven by developments on the tails of the distribution and 
not by developments at its middle, where, as indicated by the height of the box, sectors tend to congregate 
even more tightly (Figure A5.3a). More precisely, sectors with very different relative importance across 
export markets are pulling away with respect to the middle. This is notably the case of motor vehicles, 
which has diverging importance for total exports to Mercosur and total exports to the rest of the world.  

Brazil also has a similar process of increasing specialization (Figure A5.2b). The distribution of normalized 
regional specialization indices evolves towards a bimodal configuration, as corroborated by the Silverman 
test. Thus, we can identify two groups of sectors as a function of their main geographical trade orientation. 
Unlike Argentina, the polarization is fundamentally induced by the behaviour of the sectors situated in the 
middle of the distribution. Note that the height of the box in the respective Tukey-box-plot rises over time 
(Figure A5.3b).  

Uruguay presents a unimodal substantially more dispersed distribution, a feature that is accentuated 
toward the end of the sample period (Figure A5.2c). The increasing dispersion means that industries are 
becoming more diverse with respect to the relative importance of exports to Mercosur and exports to the 
rest of the world and thus suggests that the country is also experiencing an increasing regional trade 
specialization. According to the Tukey box-plot, this obeys both to a movement toward a spreading out at 
the middle since 1991-1994 and also to the behaviour on the tails (Figure A5.3c). The former can be seen 
in the increase in the height of the box between 1991-1994 and 1995-1998 and the later in the increased 
average distance of outside points to the box. In this respect, outliers in the last sub-period are coke, 
refined petroleum products, and nuclear fuel and, as in Argentina, motor vehicles. 

Chile exhibits, on aggregate terms, an opposite pattern to that of Mercosur countries (Figure A5.2d). From 
the Silverman test, we note that this country begins from an essentially bimodal distribution and tends 
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toward single-peakedness around the mean. Therefore, the differentiation of sectors in terms of their 
geographical trade patterns is declining and consequently regional trade specialization is diminishing. The Tukey 
box-plot shows that behind this overall pattern there are opposite movements (Figure A5.3d). On the one 
hand, there seems to be a spreading apart at the middle of the distribution, which manifests itself in an 
increased height of the box. On the other hand, sectors with very different relative importance across 
destinations are being pulled in towards the middle, which is expressed in the lower average distance of 
outside points to the box. Printing and publishing is an outlier in the three sub-periods and, unlike for 
Argentina and Uruguay, motor vehicles ceases to be an outlier in the last sub-period.  

Thus, as anticipated in the theoretical framework, full member countries of Mercosur display increased 
regional trade specialization. Chile, however, shows an overall trend towards lower regional trade 
specialization. This is what we expect as a consequence of the unilateral trade liberalization policies 
followed by Mercosur countries since the end of the 1980s and the additional impetus coming from the 
bilateral trade agreement in 1996.  

Intra-distribution changes, i.e., the movement of sectors throughout the distribution, which gives rise to 
these general patterns can be analysed with the help of cross-profile plots (Figure A5.4) and cross sectional 
classification of sectors according to the time profile of their indices (Table A5.2). Cross-profile-plots 
identify as local peaks those industries in which countries have increasingly specialized trade with 
Mercosur relative to that with the rest of the world. The opposite is true for local valleys. For example, 
motor vehicles and tobacco is a local peak for Argentina, Brazil, and Uruguay. The figures present 
evidence of significant mobility, such that sectors have experienced noticeable changes in their relative 
importance across destinations over the period 1987-1998. Further, we observe that the jaggedness is 
more pronounced than in previous graphs, suggesting that a higher mobility prevails in regional trade 
specialization patterns.  

Table A5.2 permits the extraction of valuable information. In Argentina, Brazil, and Uruguay, motor 
vehicles is becoming increasingly important in the export structure to other Mercosur countries relative to 
that of the rest of the world.58 This is not surprising, since, as previously noted, this sector has received 
special treatment in these countries at the national and regional levels. The opposite is true for Chile. 
There, the share of motor vehicles in exports to Mercosur is higher than that of exports to the rest of the 
world. The former reaches its maximum value in the sub-period 1991-1994 and experiences a sharp 
decline in 1995, the year in which Brazil launched its A utomotive Regime; thereafter, the share has remained 
at roughly constant levels. The latter exhibits an upward trend post-1995 with a marked decrease in 1997. 
Thus, developments in Mercosur seem to have displaced Chilean exports. These exports show signs of 
relative redirection out of the region and declining disparity across destinations.    

In Argentina, and fundamentally in Brazil and Uruguay, tobacco is growing in total exports to the region 
relative to its exports to the rest of the world. Recall that, according to the normalized Balassa index, the 
latter two countries are becoming increasingly specialized in tobacco and that both countries appear to 
have a comparative advantage in this sector in the last sub-period. On the other hand, we also observe that 
Mercosur absorbs an increasing share of total exports in this sector. Thus, the share of Mercosur as a 
export destination went from 7.89% to 39.09% for Brazil and from 61.80% to 95.67% for Uruguay 
between 1987-1990 and 1995-1998. Therefore, the former result seems to be driven by a comparative 
advantage at a regional level.  

Some sectors in which the Southern Cone countries do not have a comparative advantage and in which 
they are becoming even less competitive at an international level exhibit increasing relative regional 
orientation. The specializing away from those industries is noticeably more severe in trade with respect to 
the rest of the world. The preferential access to a partner’s market and the external tariff protection 
partially compensate the disadvantage and raise the relative competitiveness of exports of member 
countries within the region. This is the case for textiles in Argentina and textiles and wearing apparel for 

                                                 
58 Brazil already had an active export presence in other Latin American markets. The change in the index suggests a substantial 
reorientation in exports.  
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Brazil. In these sectors, the share of total exports to Mercosur rose from 11.30% to 46.27%, 4.94% to 
32.52%, and 2.88% to 27.02% between 1987-1990 and 1995-1998, respectively. 

Several sectors with products included in national exemption lists of goods excluded from free trade 
within Mercosur show no variation or even decreasing indices over the studied period for member 
countries. For example, Argentina, Paraguay, and Uruguay incorporated in those lists certain basic metals 
and footwear products, whereas Argentina and Brazil did the same for determined rubber products.59 A 
similar pattern is found in those industries in which Mercosur countries enjoy a significant comparative 
advantage vis-à-vis the rest of the world, i.e., food products and leather products. This is reasonable, since, 
according to the derivations in this paper’s theoretical framework, one should expect more dramatic 
changes in biases in sectors where countries do not have a notorious overall comparative advantage. 

Chemical products is also an interesting case. The sector had a bias towards the regional market higher 
than the average at the beginning of the sample period for Mercosur full member countries. Nevertheless, 
this bias has reduced or even disappeared over time. The decrease in the respective regional specialization 
index is the result of a diminishing share of the sector in total exports to Mercosur and a relatively 
constant share in exports to the rest of the world. Note that in all cases the absolute levels of exports to 
Mercosur experienced significant increases. Thus, the fall in the share results from the substantial 
expansion in trade and the associated diversification effect that occurred due to Mercosur (Hasenclever, 
López, and de Olivera, 1998). 

For Chile, relative export orientation towards Mercosur has increased in sectors in which this country has 
a comparative advantage vis-à-vis the rest of the world, i.e., food products and beverages. Some industries 
such as textiles; fabricated metal products; machinery and equipment; electrical machinery; and office, 
accounting and computing machinery; seem to have specially profited from the trade agreement signed 
between Mercosur and Chile in 1996.60 In those sectors, exports to Mercosur registered a substantial 
increase between 1995 and 1996.  

In summary, the distribution of normalized regional trade specialization indices shows a spreading apart in 
Argentina, Brazil, and Uruguay, indicating an increasing geographical disparity in trade patterns across 
sectors. In short, as pointed out by the theory, regional trade specialization is increasing in Mercosur countries. The 
source of this phenomenon differs across countries. In Argentina the behaviour of sectors with very 
different export patterns across destinations is driving the growing spreading out; in Brazil it is essentially 
due to developments at the middle of the distribution; and in Uruguay it is due to a combination of these 
events. Export orientation towards Mercosur relative to the rest of the world has increased in those 
sectors which are favoured by public policy (motor vehicles) and in those sectors in which there is a 
regional comparative advantage (tobacco) or less comparative disadvantage (textiles and wearing apparel). 
This orientation has remained stable or even decreased in industries where products were not included in 
the free trade regime within the bloc and with a clear comparative advantage with respect to the rest of the 
world. Chile, in contrast, is witnessing a declining regional trade specialization, such that sectors are becoming 
less dissimilar in terms of export patterns over destinations. Given the unilateral trade liberalization 
policies pursued by Argentina, Brazil, and Uruguay, and the free trade agreement between Mercosur and 
Chile, this result is expected from the theoretical model exposed in Section 2. The lower regional 
specialization is basically explained by movements on the tails, such that sectors with extremely different 
relative importance in total exports to Mercosur and to the rest of the world, i.e., motor vehicles and 
printing and publishing, are being pulled into the middle of the distribution. On the other hand, the trade 

                                                 
59 An important exception in this respect is the paper industry. Argentina, Uruguay, and Paraguay imposed restrictions on trade 
for some of its products within the bloc. However, we can see that the regional specialization index for that sector shows an 
increasing trend for Brazil. The reason is that the protection provided by declining trade barriers within the bloc were not 
sufficient to compensate the relative comparative advantage that Brazil has in some products of this sector (CEI, 1998). 
Particularly, Brazilian labour productivity relative to the United States in the industry in question has grown faster than the 
Argentinean one between 1970 and 1996 and labour costs have been substantially lower in Brazil.  
60 Not all sectors benefited from the arrangement from the first year. The agreement defined different time paths of trade 
liberalization for five products categories: general liberalization, sensitive, very sensitive, exemptions, and remaining products 
(INTAL, 1997).  
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arrangement seems to have induced an increased regional bias in diverse industries such as machinery and 
equipment, fabricated metal products, and electrical machinery. 

 

4.3.4. Estimation results 

 

Overall specialization 

One year transition probabilities for the pooled countries suggest that there exists no tendency towards a 
sectoral polarization, since intermediate states preserve or even increase their probabilities at the expense 
of extreme ones, which gives rise to a roughly uniform distribution across grids (Tables A5.3). However, 
there are interesting differences across countries. In the case of Argentina, lower states gain shares and 
have strictly higher probabilities than the others. A direct inspection of the distribution is especially helpful 
for understanding the ongoing process. The average number of industries with indices greater than the 
mean decreased from 9 in 1986-1989 to 4.5 in 1994-1997. Further, 13 out of 22 sectors register declining 
indices between those periods. However, the mean of the index, which is used for the normalization, 
increased from 2.66 to 2.71 in that lapse. This suggests a growing discrepancy between a majority of 
sectors with falling indices, most of them situated below the mean, and a few sectors with strongly rising 
specialization at the regional level. Among the latter sectors, motor vehicles stands out; its normalized 
index grows from 1.98 to 7.48 between the sub-periods. Brazil exhibits increasing, and strictly higher 
probabilities, at the lowest and the highest state. This polarization scenario is driven mainly by the 
spreading out of the middle of the distribution. Uruguay presents a picture similar to Argentina, i.e., 
decreasing mass around the mean and increasing mass in lower states of regional specialization. In this 
case, the explanation is a combination of diverging movements on the tails and spreading apart at the 
middle of the distribution. Thus, even though the sources of changes differ across countries, full members 
of Mercosur show a trend towards higher regional trade specialization. In Chile, the distribution seems to 
evolve to one with larger mass at the higher states. It should be noted that the top state includes the value 
of one, thus its increased share might be associated with a compression towards the mean and a 
consequent lower disparity across sectors. This is a consequence of the unilateral trade liberalization 
policies followed by the Mercosur countries since the end of the 1980s and the additional impetus coming 
from the bilateral trade agreement. Lastly, we again witness a deepening of formerly described patterns as 
the considered transition period increases. 

In summary, as we expect from theoretical model presented in Section 2, Argentina, Brazil, and Uruguay 
experienced a spreading apart in their distributions of normalized regional trade specialization indices, i.e., 
an increased regional trade specialization. On the contrary, in Chile this distribution tends to compress towards 
the mean, clearly signalling a decreased regional trade specialization.  

 

Intra-distribution dynamics 

The set of transition matrices shows, first, that there is noticeable mobility in regional trade specialization 
patterns; on average, this mobility seems to be higher than for total trade and production patterns (Tables 
A5.3). The maximum probability of moving out of a given level of specialization after one year ranges 
between 0.48 in Brazil and 0.63 in Uruguay. Second, mobility is also asymmetric in this case. Over one 
year transitions, it is higher at intermediate states, so that is more unlikely that a country increases 
(decreases) its relative regional orientation in sectors in which it is markedly de-specialized (specialized) at 
the regional level than for sectors in which it has intermediate regional specialization levels and hence less 
disparities across destinations. In turn, over five years, different patterns emerge in Mercosur countries and 
Chile. For the first group of countries higher persistence can be observed at the lowest state of 
specialization. This is hardly surprising, since, as previously noted, industries in this state of specialization 
are those in which these countries have a comparative advantage relative to the rest of the world or those 
where products are subject to restrictions on trade within the bloc. For the latter, persistence is the lowest 
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in that particular state. Undoubtedly, the trade policy developments in the region help to explain this 
picture. Third, as expected, mobility in regional trade specialization patterns as measured by the off-
diagonal elements of transition matrices, rises when the transition period extends. Consider the matrix of 
transition probabilities for the pooled countries. The estimated probability of exit from a grid are 0.29-0.30 
at extreme states and 0.40-0.49 at intermediate states for one year transitions and 0.50-0.51 and 0.51-0.63 
for five years transitions, respectively. Lastly,  robustness checks were also carried out in this case and no 
major change was found.  

 

Mobility  

Mobility indices are reported in Table A5.4. Uruguay has the highest mobility in regional trade 
specialization patterns for one year transitions and the lowest one if the relevant period extends to five 
years; in this case, the highest mobility corresponds to Chile. Thus, the larger countries in the sample, 
Argentina and Brazil, display an intermediate degree of mobility in their regional trade specialization. 

 

Cross country comparisons and time stability 

According to the test statistics shown in Table A5.5, Argentina and Brazil present similarities in the 
dynamics of their regional trade specialization patterns for one year transitions. However, there are 
significant differences in the dynamics for those countries over five year transitions as well as for other 
country pairings regardless of the time span.  

Test statistics in Table A5.6 suggest that transition matrices for periods 1990-1991/ 1997-1998 and 1991-
1992/ 1997-1998 cannot be statistically distinguished from those based on the whole sample period, 1986-
1987/ 1997-1998. Therefore, the dynamics in specialization patterns do not seem to have fundamentally 
changed after the opening of the economies and the launching of Mercosur. In fact, the simultaneous 
occurrence of both phenomena might help to explain the absence of significant differences. 

 

5. Concluding remarks 

 

Over the last 25 years, the Southern Cone countries experienced major transformations. The 
reformulation of the relationship between the public and private sectors induced by economy-wide 
privatisations, de-regulation programs, and the opening of the economies, both at general and regional 
level, have changed substantially the economic environment in which economic activities developed. As a 
consequence, the incentives system relevant for those activities is muted in a significant manner and in a 
fundamental non-neutral way across sectors. Therefore, there a priori reasons for thinking that 
specialization patterns have been changing over time. 

This paper has analysed production and trade specialization patterns in three Mercosur countries, 
Argentina, Brazil, and Uruguay, and Chile. Section 2 presented a theoretical model based on the 
Dornbusch, Fischer, and Samuelson (1977) version of the Ricardian model. It h incorporates trade barriers 
and is extended to a dynamic setting as in Proudman and Redding (1997, 1998). Main results can be 
summarized as follows. First, trade liberalization induces a rise in overall production specialization. 
Second, multilateral trade liberalization promotes a decrease in overall trade specialization. Third, regional 
trade liberalization may be associated with increased regional trade specialization. Fourth, trade 
liberalization, both general and regional, might modify the dynamics of specialization patterns. 

Section 3 described the empirical methodology used in this paper, namely, the distribution dynamics 
approach developed by Quah (1993). This approach allows us to find the law of motion of sectoral 
specialization and, by exploiting the bi-dimensionality of the data (cross-section and time series), to reveal 
changes in the overall extent of specialization as well as in the inter-sectoral mobility. This makes possible 
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important insights over the traditional approach, which concentrates on only a few moments of the 
distribution.  

Section 4 examined the time evolution, the degree of persistence and the long-run trend of production and 
trade specialization patterns in the Southern Cone countries through that approach and some 
complementary tools. 

The results suggest that there is a tendency towards increased overall production specialization. It 
manifests itself in a polarization of the distribution of sectoral value added shares in GDP towards 
extreme values. Southern Cone countries are increasingly specializing in one set of industries, i.e., food 
products, industrial chemicals, other chemical products, petroleum refineries, and transport equipment, 
and increasingly specializing away from sectors such as textiles, wearing apparel, and footwear.  

The distributions of normalized Balassa indices tend to congregate nearer the mean, amounting to lower 
sectoral disparity. Thus, overall trade specialization tends to decrease. In this respect, all countries have 
reduced their specialization in those sectors in which they initially had a extreme revealed comparative 
advantage, i.e., food products (Argentina and Brazil), leather products (Argentina and Uruguay), footwear 
(Brazil), textiles and wearing apparel (Uruguay), and non-ferrous metals (Chile). On the other hand, 
Southern Cone countries  display increasing specialization in other sectors also linked to their comparative 
advantage in terms of their natural resources: beverages (Argentina, Uruguay, and Chile), tobacco 
(Argentina, Brazil, and Uruguay), wood products and furniture (Argentina, Brazil, Uruguay, and Chile).  

Specialization in regional trade offers a mixed picture. Sectoral divergence in terms of geographical 
patterns tends to deepen in Mercosur countries and to revert in Chile. In short, specialization rises in the 
first group of countries and declines in the last. Mercosur countries exhibit increasing regional 
specialization in sectors especially favoured by public policy, such as motor vehicles, and with a 
comparative advantage at the regional level, such as tobacco. These countries have constant or even 
declining regional specialization in those industries in which the enjoy a comparative advantage vis-à-vis 
the rest of the world and subject to trade restrictions within the bloc, i.e., as food products, leather 
products, basic metals, and footwear. Chile presents a rising regional bias in sectors in which it has a 
comparative advantage with respect to the rest of the world such as food products and beverages and 
some industries that seem to have particularly benefited from the free trade agreement with Mercosur: 
textiles; wearing apparel; fabricated metal products; machinery and equipment; electrical machinery; and 
office, accounting, and computing machinery.  

Furthermore, there is considerable mobility in specialization patterns, especially at intermediate levels. 
Moreover, there is evidence of similarity in dynamics of production and trade within Mercosur relative to 
the one with the rest of the world between Argentina and Brazil. However, there are also noticeable 
differences with respect to and between Uruguay and Chile, fundamentally over longer transition periods. 
Finally, trade liberalization does not seem to have significantly altered the dynamics of specialization 
patterns in the region.  
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A.  Appendix 

 
 

A1. Trade liberalization episodes 

 
 

Table A1.1 

 

Trade liberalization episodes 
 Argentina Brazil Uruguay Chile 

Initial year 1988 1988 1979 1973 
Average tariff 45.0% 57.5% 49.0% 94.0% 

Minimum tariff 0.0% 0.0% - 0.0% 
Maximum tariff 85.0% 102.7% - 220.0% 
Standard deviation 29.5 21.2% - 634.0 
Number of tariff lines - - 28 57 

Final year 1991 1993 1993 1979 
Average tariff 12.2% 14.2% 17.0% 10.0% 

Minimum tariff 0.0% 0.0% - 10.0% 
Maximum tariff 35.0% 40.0% - 10.0% 
Standard deviation 8.6 9.5 5.8 0.0 
Number of tariff lines 3/ 5 - 3 1 

Notes: 
(1) Initial year and  final year delimit the period in which the bulk of the liberalization took place. After the “final year” 

some partial reversions where observed . 
(2) The maximum tariff rate of 220.0% for Chile corresponds to December 1973. In September the top rate, which 

applied  on “luxury goods”, was 750.0%. 
(3) The standard  deviation of 634.0 corresponds to the tariff structure prevailing at the late 1960s. 
(4) The number of tariff lines in Argentina was set at 3 in April 1991 (0.0%, 11.0%, and  22.0%) and  at 5 in October 1991 

(0.0%, 5.0%, 13.0%, 22,.0%, and 35.0%). The escalation has a positive relationship with the sectoral value added . 
(5) The countries also resorted  to non-tariff barriers, like import licensing, quotas, and  even direct prohibitions. Chile 

was an extreme case in this respect: 56% of the tariff lines required  previous deposits in excess of the CIF value of 
imports, while the remaining tariff lines were subject to arbitrary proceeds in order to get import licensing. Further, 
it had  also a system of multip le exchange rates with 8 values for the dollar, the highest of which was 10 times the 
lowest value.    

Sources: López and  Porta (1991); Agosin and  Ffrench-Davis (1993); Ffrench-Davis, Leiva, and  Madrid  (1993); Soto (1996); 
Laird  (1997); INTAL (1997); WTO (1997, 1998); Berlinski (1998); Agosin (1999); Terra (1999); Estevadeordal, Goto, and  Saez 
(2000); Vaillant (2000); Sanguinetti and  Sallustro (2000); Sanguinetti, Pantano, and  Posadas (2001); Braz de Sousa, Kume, and 
Piani (2001); Fischer (2001); Lora (2001); and  French-Davis (2002). 
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A2. Industry classifications 

 
 
 
 

Table A2.1 
 

 
 

 
 
 
 
 
 
 
 

Code Description

311 Food  products
313 Beverages
314 Tobacco
321 Textiles
322 Wearing apparel, except footwear
323 Leather and  leather products, except footwear and  wearing apparel
324 Footwear, except vulcanized  or moulded  rubber or plastic footwear
331 Wood and  wood  and  cork products, except furniture
332 Furniture and  fixtures, except primarily of metal
341 Paper and  paper products
342 Printing, publishing and  allied  industries
351 Industrial chemicals
352 Other chemicals product
353 Petroleum refineries
354 Miscellaneous products of petroleum and  coal
355 Rubber products
356 Plastic products not elsewhere classified
361 Pottery, china, and  earthenware
362 Glass and  glass products
369 Other non-metallic mineral products
371 Iron and  steel
372 Non-ferrous metals
381 Fabricated  metal products
382 Machinery, except electrical
383 Electrical machinery apparatus
384 Transport equipment
385 Professional, scientific, measuring, controlling,  photographic and  optic equipment
390 Other manufacturing industries

Internat ional Standard Indust rial Classificat ion, Rev ision 2, 3 digit s
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Table A2.2 

 

 
 
 
 

 
 
 
 
 
 
 
 
 
 

Code Description

15 Food  products and  beverages
16 Tobacco products
17 Textiles
18 Wearing apparel; d ressing and  dyeing of fur
19 Tanning and  d ressing of leather; luggages, handbags, sadd lery, harness, and  footwear
20 Wood and  wood  and  cork products, except furniture
21 Paper and  paper products
22 Publishing, printing, and  reproduction of recorded  media
23 Coke, refined  petroleum products, and  nuclear fuel
24 Chemicals and  chemical products
25 Rubber and  plastic products
26 Other non-metallic mineral products
27 Basic metals
28 Fabricated  metal products, except machinery and  equipment
29 Machinery and  equipment, not elsewhere classified
30 Office, accounting, and  computing machinery
31 Electrical machinery and  apparatus not elsewhere classified
32 Rad io, television, and  communication equipment and  apparatus
33 Medical, precision, and  optical instruments, watches, and  clocks
34 Motor vehicles, trailers, and  semi-trailers
35 Other transport equipment
36 Furniture, manufacturing not elsewhere classified

Internat ional Standard Indust rial Classificat ion, Rev ision 3, 2 digit s
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A3. Production patterns 
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Argentina - Normalized value added shares (1971-1998) Brazil - Normalized value added shares (1971-1998)

Uruguay - Normalized value added shares (1971-1998) Chile - Normalized value added shares (1971-1998)
   Figure A3.1 
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Figure A3.2. Kernel density estimates (1971-1998) 
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Table A3.1 

 

 

 
 
 

m=1 m=2 m=3 m=4 m=5 m=1 m=2 m=3 m=4 m=5 m=1 m=2 m=3 m=4 m=5 m=1 m=2 m=3 m=4 m=5

hm 0.284 0.279 0.216 0.202 0.200 0.266 0.260 0.215 0.177 0.171 0.367 0.310 0.304 0.205 0.158 0.381 0.324 0.276 0.203 0.170

ASLm 0.580 0.120 0.360 0.080 0.000 0.830 0.210 0.220 0.360 0.140 0.340 0.090 0.000 0.110 0.230 0.330 0.070 0.000 0.310 0.140

hm 0.311 0.201 0.200 0.190 0.134 0.408 0.297 0.215 0.187 0.100 0.480 0.250 0.249 0.196 0.173 0.508 0.392 0.231 0.180 0.134

ASLm 0.490 0.690 0.290 0.050 0.410 0.110 0.030 0.090 0.010 0.810 0.000 0.360 0.010 0.080 0.020 0.010 0.030 0.120 0.140 0.270

hm 0.366 0.302 0.294 0.261 0.196 0.415 0.307 0.253 0.225 0.208 0.490 0.312 0.259 0.250 0.181 0.370 0.325 0.317 0.220 0.176

ASLm 0.360 0.350 0.090 0.030 0.120 0.330 0.430 0.460 0.260 0.170 0.140 0.580 0.510 0.330 0.690 0.610 0.410 0.110 0.570 0.710

hm 0.430 0.295 0.271 0.203 0.198 0.494 0.346 0.277 0.184 0.133 0.481 0.372 0.272 0.206 0.189 0.428 0.401 0.370 0.314 0.162

ASLm 0.160 0.400 0.200 0.450 0.230 0.080 0.370 0.240 0.480 0.780 0.120 0.090 0.320 0.560 0.310 0.350 0.040 0.010 0.010 0.650

Note: Bold letters indicate significant at least at 10% level.

Brazil

Uruguay

Chile

1975-1978 1979-1982 1983-1986

Argentina

Country Stat./N.m
1971-1974

Silverman test  for mult imodality  for normalized value added shares (in logarithm)

m=1 m=2 m=3 m=4 m=5 m=1 m=2 m=3 m=4 m=5 m=1 m=2 m=3 m=4 m=5

hm 0.549 0.330 0.319 0.228 0.135 0.496 0.323 0.220 0.172 0.165 0.426 0.380 0.337 0.269 0.160

ASLm 0.030 0.070 0.000 0.090 0.510 0.090 0.110 0.520 0.710 0.250 0.180 0.040 0.020 0.040 0.340

hm 0.492 0.377 0.239 0.200 0.139 0.532 0.342 0.197 0.186 0.168 0.505 0.308 0.221 0.175 0.136

ASLm 0.020 0.050 0.120 0.040 0.300 0.030 0.040 0.460 0.170 0.070 0.080 0.330 0.410 0.310 0.610

hm 0.469 0.436 0.262 0.235 0.227 0.715 0.580 0.286 0.255 0.217 0.693 0.613 0.360 0.206 0.201

ASLm 0.260 0.020 0.680 0.460 0.270 0.030 0.000 0.560 0.260 0.190 0.190 0.010 0.230 0.700 0.290

hm 0.455 0.310 0.293 0.216 0.171 0.446 0.326 0.300 0.177 0.155 0.552 0.357 0.294 0.200 0.150

ASLm 0.160 0.530 0.190 0.340 0.480 0.220 0.240 0.110 0.460 0.380 0.080 0.120 0.140 0.350 0.450

Note: Bold letters indicate significant at least at 10% level.

Chile

1987-1990 1991-1994 1995-1998
Stat./N.m

Argentina

Brazil

Uruguay

Country

Silverman test  for mult imodality  for normalized value added shares (in logarithm)
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Figure A3.3. Tukey box-plots (1971-1998) 

Figure A3.3a Figure A3.3b 

Figure A3.3c Figure A3.3d  
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Argentina - N ormalized value added shares

Cross-profile  plot 

385 390 332 361 323 356 331 369 342 351 352 382 321 311

1971-1974 1975-1978 1979-1982
1983-1986 1987-1990 1991-1994
1995-1998

Brazil - N ormalized value added shares

Cross-profile  plot 

354 361 362 390 372 355 313 331 342 351 352 381 382 321

1971-1974 1975-1978 1979-1982
1983-1986 1987-1990 1991-1994
1995-1998

Uruguay - N ormalized value added shares

Cross-profile  plot 

372 354 371 332 362 382 384 369 323 383 381 322 313 321

1971-1974 1975-1978 1979-1982
1983-1986 1987-1990 1991-1994
1995-1998

Chile - Normalized value added shares

Cross-profile  plot 

385 332 390 323 356 331 322 341 342 351 383 352 384 311

1971-1974 1975-1978 1979-1982
1983-1986 1987-1990 1991-1994
1995-1998

Figure A3.4. Cross-profile plots (1971-1998) 
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Table A3.2a. Classificat ion of sectors according to changes in normalized value added shares (1970-1998) 

Category\ Country Argentina Brazil Uruguay Chile 

S1971-1974>1 
and 

S1995-1998>1 

Food products; industrial chemicals; 
other chemical products; petroleum 
refineries; transport equipment 

Food  products; industrial chemicals; 
other chemical products; iron and  steel; 
electrical machinery 

Food  products; other  chemical 
products 

Food  products; other chemical products 

S1971-1974<1 
and 

S1995-1998>1 
 

Other non-metallic minerals; iron and  
steel 

Petroleum refineries Printing and  publishing 
Beverages; paper products; petroleum 
refineries; other non-metallic minerals Increasing 

S1971-1974<1 
and 

S1995-1998<1 
 

Beverages; furniture; paper products; 
miscellaneous products of coal and 
petroleum 

Footwear; miscellaneous products of 
petroleum and  coal; rubber products; 
non-ferrous metals; professional and  
scientific instruments 

Paper products; plastic products; iron 
and  steel; professional and  scientific 
instruments 

Wood products; furniture; 
miscellaneous products of petroleum 
and  coal; plastic products  

S1971-1974>1 
and 

S1995-1998>1 
 

Textiles; electrical machinery Textiles; fabricated  metal products Tobacco; textiles Non-ferrous metals 

S1971-1974>1 
and 

S1995-1998<1 

Wearing apparel; non-electrical 
machinery 

Other non-metallic minerals Wearing apparel 
Textiles; iron and steel; electrical 
machinery; transportation equipment Decreasing 

S1971-1974<1 
and 

S1995-1998<1 

Leather products; footwear; wood  
products; printing and  publishing; 
plastic products; pottery, china, and  
earthenware; glass products; 
professional and scientific instruments 

Beverages; tobacco; wearing apparel; 
leather products; wood products; 
furniture; printing and publishing; 
pottery, china, and  earthenware; glass 
products   

Footwear; wood  products; furniture; 
miscellaneous products of petroleum 
and  coal; rubber products; glass 
products; non-electrical machinery 

Leather products; footwear; rubber 
products; pottery, china, and  
earthenware  

S>1 Fabricated  metal products 
Non-electrical machinery; transport 
equipment 

Beverages; petroleum refineries Fabricated  metal products  

Constant 
S<1 

Tobacco; rubber products; non-ferrous 
metals 

Wearing apparel; paper products  

Leather products; industrial chemicals; 
pottery, china, and  earthenware; other 
non-metallic minerals;  non-ferrous 
metals; fabricated  metal products; 
electrical machinery; transport 
equipment 

Tobacco; wearing apparel; printing and  
publishing; glass products; industrial 
chemicals; non-electrical machinery; 
professional and scientific instruments 

Notes: 
(1) Industries are classified  as “Increasing” if, in a regression of the natural logarithm of the normalized  value added  shares on a constant and  a time trend, the estimated  coefficient in the last variable is positive 

and  significant at least at 10% level. Contrary, they are classified  as “Decreasing” if that coefficient is negative and significant. Finally, they are categorized  as “Constant” if the coefficient in question is not 
significant. 

(2) Data for Uruguay correspond  to the period  1970-1996. 
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Sectors may have behaved  d ifferently over time. The whole sample period  extends between 1970 and  1998. Hence, in order to detect 
possible reversions across sub-periods, the next table identifies sectors exhibiting opposite performances between 1970-1986 and  1987-
1998.   

 

Table A3.2b. Sectors w ith opposite behavioural pat terns across sub-periods  (1970-1986 vs. 1987-1998) 

Category\ Country Argentina Brazil Uruguay Chile 

Increasing-Decreasing 
Tobacco; petroleum refineries; 
non-ferrous metals; fabricated  
metal products 

Wearing apparel; footwear; 
miscellaneous products of 
petroleum and  coal; professional 
and  scientific instruments 

Leather products; paper products 
Tobacco; wood  products; paper 
products 

Decreasing-Increasing 

Leather products; printing and 
publishing; pottery, china, and 
earthenware; other non-metallic 
minerals; transport equipment 

Furniture; rubber products; 
transport equipment 

Beverages; furniture; printing 
and  publishing; fabricated  metal 
products; non-electrical 
machinery; professional and 
scientific instruments 

Glass products; fabricated  metal 
products; non-electrical 
machinery; transport equipment; 
professional and scientific 
instruments 

Note: 
(1) Industries are classified  as “Increasing” if, in a regression of the natural logarithm of the normalized  value added  shares on a constant and  a time trend, the estimated  coefficient in the last 

variable is positive and  significant at least at 10% level. Contrary, they are classified  as “Decreasing” if that coefficient is negative and significant. Thus, industries included  in the table 
d isplay significantly different behaviour across sub-periods.  

(2) Data for Uruguay correspond  to the period  1970-1996. 
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State 1 2 3 4 5
S (ue) 0.22 0.44 0.84 1.49 100.00

1 0.22 156 0.92 0.08 0.00 0.00 0.00
2 0.44 158 0.09 0.85 0.05 0.00 0.00
3 0.84 157 0.00 0.07 0.87 0.06 0.00
4 1.49 156 0.00 0.00 0.06 0.85 0.09
5 100.00 157 0.00 0.00 0.00 0.08 0.92

0.14 0.21 0.21 0.29 0.14
0.28 0.23 0.17 0.15 0.17

Init ial dist ribut ion

Argentina - Transition probabilities (1 year) based on N ormalized VA shares

State S (ue) Obs.

Ergodic dist ribut ion

State 1 2 3 4 5
S (ue) 0.29 0.51 0.94 1.76 100.00

1 0.29 156 0.96 0.04 0.01 0.00 0.00
2 0.51 156 0.05 0.92 0.03 0.00 0.00
3 0.94 157 0.00 0.06 0.87 0.07 0.00
4 1.76 157 0.00 0.00 0.08 0.79 0.13
5 100.00 158 0.00 0.00 0.00 0.10 0.90

0.18 0.21 0.21 0.21 0.18
0.28 0.24 0.17 0.14 0.18

Init ial dist ribut ion

State S (ue)

Brazil - Transition probabilities (1 year) based on N ormalized VA shares

Ergodic dist ribut ion

Obs.

State 1 2 3 4 5
S (ue) 0.18 0.42 0.75 1.52 100.00

1 0.18 146 0.82 0.18 0.00 0.00 0.00
2 0.42 145 0.21 0.72 0.07 0.01 0.00
3 0.75 146 0.00 0.09 0.73 0.18 0.00
4 1.52 145 0.00 0.01 0.19 0.73 0.08
5 100.00 146 0.00 0.00 0.00 0.08 0.92

0.07 0.29 0.21 0.25 0.18
0.26 0.22 0.17 0.17 0.18

Init ial dist ribut ion

Uruguay - Transition probabilities (1 year) based on N ormalized VA shares

State S (ue) Obs.

Ergodic dist ribut ion

State 1 2 3 4 5
S (ue) 0.21 0.48 0.86 1.32 100.00

1 0.21 157 0.93 0.07 0.00 0.00 0.00
2 0.48 156 0.07 0.80 0.12 0.01 0.00
3 0.86 156 0.00 0.13 0.73 0.13 0.01
4 1.32 158 0.00 0.00 0.12 0.77 0.11
5 100.00 157 0.00 0.00 0.00 0.11 0.89

0.21 0.14 0.32 0.14 0.18
0.19 0.19 0.18 0.21 0.22Ergodic dist ribut ion

Init ial dist ribut ion

Obs.S (ue)State

Chile - Transition probabilities (1 year) based on N ormalized VA shares

State 1 2 3 4 5
S (ue) 0.22 0.46 0.84 1.55 100.00

1 0.22 616 0.92 0.08 0.00 0.00 0.00
2 0.46 616 0.10 0.81 0.09 0.00 0.00
3 0.84 617 0.00 0.11 0.81 0.09 0.00
4 1.55 615 0.00 0.00 0.09 0.84 0.07
5 100.00 616 0.00 0.00 0.00 0.06 0.94

0.17 0.19 0.25 0.21 0.18
0.24 0.21 0.18 0.18 0.20

Pooled - Transition probabilities (1 year) based on N ormalized VA shares

Obs.S (ue)State

Ergodic dist ribut ion
Init ial dist ribut ion

Table A3.3. Transition matrices and ergodic distributions (1970-1998) 
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State 1 2 3 4 5
S (ue) 0.23 0.44 0.84 1.47 100.00

1 0.23 134 0.90 0.10 0.00 0.00 0.00
2 0.44 134 0.19 0.75 0.07 0.00 0.00
3 0.84 134 0.00 0.16 0.73 0.10 0.00
4 1.47 135 0.00 0.00 0.12 0.70 0.19
5 100.00 135 0.00 0.00 0.00 0.13 0.87

0.14 0.21 0.21 0.29 0.14
0.46 0.24 0.10 0.09 0.13

Argentina - Transition probabilities (5 years) based on N ormalized VA shares

State S (ue) Obs.

Init ial dist ribut ion
Ergodic dist ribut ion

State 1 2 3 4 5
S (ue) 0.30 0.52 0.95 1.75 100.00

1 0.30 134 0.85 0.14 0.01 0.00 0.00
2 0.52 134 0.16 0.75 0.10 0.00 0.00
3 0.95 134 0.01 0.19 0.75 0.05 0.00
4 1.75 135 0.00 0.00 0.10 0.69 0.21
5 100.00 135 0.00 0.00 0.00 0.11 0.89

0.18 0.25 0.18 0.21 0.18
0.32 0.29 0.16 0.08 0.15Ergodic dist ribut ion

Init ial dist ribut ion

State S (ue) Obs.

Brazil - Transition probabilities (5 years) based on N ormalized VA shares

State 1 2 3 4 5
S (ue) 0.18 0.42 0.74 1.52 100.00

1 0.18 123 0.74 0.26 0.00 0.00 0.00
2 0.42 123 0.28 0.59 0.10 0.00 0.02
3 0.74 123 0.00 0.11 0.47 0.40 0.02
4 1.52 124 0.01 0.07 0.30 0.48 0.14
5 100.00 123 0.00 0.00 0.03 0.15 0.82

0.07 0.29 0.21 0.25 0.18
0.27 0.24 0.15 0.17 0.18Ergodic dist ribut ion

Init ial dist ribut ion

State S (ue) Obs.

Uruguay - Transition probabilities (5 years) based on N ormalized VA shares

State 1 2 3 4 5
S (ue) 0.21 0.48 0.86 1.30 100.00

1 0.21 135 0.83 0.17 0.00 0.00 0.00
2 0.48 135 0.19 0.57 0.19 0.06 0.00
3 0.86 134 0.00 0.21 0.48 0.27 0.04
4 1.30 134 0.00 0.03 0.24 0.49 0.24
5 100.00 134 0.00 0.01 0.03 0.17 0.78

0.21 0.14 0.32 0.14 0.18
0.20 0.18 0.17 0.20 0.25Ergodic dist ribut ion

Init ial dist ribut ion

State S (ue) Obs.

Chile - Transition probabilities (5 years) based on Normalized VA shares

State 1 2 3 4 5
S (ue) 0.23 0.47 0.84 1.55 100.00

1 0.23 526 0.84 0.15 0.01 0.00 0.00
2 0.47 527 0.21 0.65 0.12 0.02 0.01
3 0.84 527 0.01 0.18 0.61 0.19 0.01
4 1.55 526 0.00 0.02 0.19 0.64 0.15
5 100.00 526 0.00 0.01 0.01 0.11 0.87

0.17 0.19 0.25 0.21 0.18
0.29 0.21 0.15 0.15 0.20

Pooled - Transition probabilities (5 years) based on N ormalized VA shares

State S (ue) Obs.

Ergodic dist ribut ion
Init ial dist ribut ion
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State 1 2 3 4 5
S (ue) 0.24 0.47 0.85 1.46 100.00

1 0.24 107 0.88 0.12 0.00 0.00 0.00
2 0.47 107 0.30 0.68 0.02 0.00 0.00
3 0.85 107 0.00 0.19 0.64 0.17 0.00
4 1.46 106 0.00 0.03 0.13 0.59 0.25
5 100.00 105 0.00 0.00 0.05 0.10 0.86

0.14 0.21 0.21 0.29 0.14
0.66 0.27 0.02 0.02 0.03

Argentina - Transition probabilities (10 years) based on N ormalized VA shares

State S (ue) Obs.

Init ial dist ribut ion
Ergodic dist ribut ion

State 1 2 3 4 5
S (ue) 0.30 0.52 0.96 1.70 100.00

1 0.30 106 0.80 0.19 0.01 0.00 0.00
2 0.52 107 0.21 0.60 0.20 0.00 0.00
3 0.96 106 0.00 0.35 0.59 0.06 0.00
4 1.70 106 0.00 0.00 0.15 0.42 0.43
5 100.00 107 0.00 0.00 0.00 0.15 0.85

0.18 0.25 0.18 0.14 0.25
0.30 0.29 0.17 0.06 0.18

Obs.

Brazil - Transition probabilities (10 years) based on N ormalized VA shares

Init ial dist ribut ion

State S (ue)

Ergodic dist ribut ion

State 1 2 3 4 5
S (ue) 0.19 0.42 0.71 1.56 100.00

1 0.19 95 0.72 0.27 0.01 0.00 0.00
2 0.42 96 0.41 0.45 0.08 0.06 0.00
3 0.71 95 0.02 0.12 0.45 0.39 0.02
4 1.56 95 0.00 0.07 0.23 0.56 0.14
5 100.00 95 0.00 0.00 0.02 0.15 0.83

0.07 0.29 0.21 0.25 0.18
0.29 0.20 0.13 0.20 0.18

Obs.

Uruguay - Transition probabilities (10 years) based on N ormalized VA shares

Init ia l d ist ribut ion

State S (ue)

Ergodic d ist ribut ion

State 1 2 3 4 5
S (ue) 0.20 0.46 0.86 1.29 100.00

1 0.20 107 0.83 0.17 0.00 0.00 0.00
2 0.46 106 0.21 0.45 0.25 0.08 0.01
3 0.86 106 0.00 0.18 0.41 0.31 0.10
4 1.29 106 0.00 0.08 0.28 0.33 0.30
5 100.00 107 0.00 0.07 0.07 0.18 0.67

0.21 0.14 0.32 0.14 0.18
0.23 0.19 0.19 0.17 0.22

Obs.

Chile - Transition probabilities (10 years) based on N ormalized VA shares

Init ial dist ribut ion

State S (ue)

Ergodic dist ribut ion

State 1 2 3 4 5
S (ue) 0.23 0.47 0.83 1.52 100.00

1 0.23 415 0.84 0.14 0.01 0.00 0.00
2 0.47 415 0.28 0.52 0.16 0.04 0.00
3 0.83 415 0.01 0.22 0.49 0.26 0.02
4 1.52 413 0.00 0.06 0.22 0.50 0.23
5 100.00 414 0.00 0.01 0.02 0.14 0.83

0.18 0.18 0.25 0.21 0.18
0.33 0.18 0.13 0.14 0.21Ergodic dist ribut ion

Init ial dist ribut ion

Pooled - Transition probabilities (10 years) based on N ormalized VA shares

State S (ue) Obs.
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      Table A3.4. Mobility indices 

 

 

 

 
 
 
 
 
 
 

Country/Index M1 M2

0.145 0.477
0.142
0.270
0.219
0.172

0.654
0.546

0.475
0.752

Argentina
Brazil

Uruguay
Chile

Pooled

Normalized VA shares - Mobility indices based on one-year transition probabilities (5 g)

Argentina 0.262 0.732

Uruguay 0.473 0.971

Pooled 0.348 0.855

Normalized VA shares - Mobility indices based on five-years transition probabilities (5 g)

Country/Index M1 M2

Brazil 0.268 0.740

Chile 0.462 0.957

Argentina 0.336 0.835

Uruguay 0.499 0.975

Pooled 0.451 0.950

Normalized VA shares - Mobility indices based on ten-years transition probabilities (5 g)

Country/Index M1 M2

Brazil 0.435 0.943

Chile 0.577 0.996
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 Table A3.5. Cross-country comparisons       Table A3.6. Time stability 

 
 
 
 

 
 

Critical values 
Stat-D.f./Sig. level 0.10 0.05 0.01 

)20(2χ  28.4120 31.4104 37.5662 

Argentina Brazil Uruguay Chile
Argentina 20.302 62.384*** 33.237**
Brazil 14.189 86.992*** 36.039**
Uruguay 126.470*** 215.684*** 84.419***
Chile 55.359*** 78.468*** 50.441***
Pooled 11.975 36.795** 80.400*** 25.137

Normaliz ed VAS (1-year t ransit ions) - Hypothesis test ing (5g)

Argentina Brazil Uruguay Chile
Argentina 14.684 134.325*** 103.498***
Brazil 10.483 151.089*** 109.519***
Uruguay 209.078*** 389.700*** 58.574***
Chile 119.801*** 191.838*** 62.875***
Pooled 36.217** 43.281*** 94.760*** 59.697***

Normaliz ed VAS (5-years t ransit ions) - Hypothesis test ing (5g)

Argentina Brazil Uruguay Chile
Argentina 78.650*** 96.094*** 138.433***
Brazil 245.373*** 217.446*** 121.417***
Uruguay 112.500*** 265.295*** 87.933***
Chile 384.470*** 165.895*** 145.467***
Pooled 52.624*** 73.958*** 43.516*** 146.569***

Normaliz ed VAS (10-years t ransit ions) - Hypothesis test ing (5g)

Argentina
Brazil
Uruguay
Chile
Pooled

7.278
4.965

27.154

Normaliz ed VA shares (1-year t ransit ions) - Hypothesis test ing (5g)

1990-1997 / Whole period (X2 statistic)
6.889
3.009

Argentina
Brazil
Uruguay
Chile
Pooled

Normaliz ed VA shares (1-year t ransit ions) - Hypothesis test ing (5g)

1991-1997 / Whole period (X2 statistic)
7.170
4.045
7.925
2.749

23.175
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A4. Total trade patterns 
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Argentina - Normalized Balassa Index (1983-1998) Brazil - Normalized Balassa Index (1983-1998)

Uruguay - Normalized Balassa Index (1983-1998)
Figure A4.1  Chile - Normalized Balassa Index 

(1983-1998) 
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Figure A4.2. Kernel density estimates (1983-1998) 
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Table A4.1 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

m=1 m=2 m=3 m=4 m=5 m=1 m=2 m=3 m=4 m=5 m=1 m=2 m=3 m=4 m=5 m=1 m=2 m=3 m=4 m=5

hm 0.698 0.532 0.368 0.238 0.207 0.586 0.479 0.396 0.268 0.206 0.606 0.528 0.273 0.208 0.159 0.566 0.279 0.220 0.210 0.148

ASLm 0.050 0.060 0.260 0.760 0.770 0.070 0.030 0.040 0.170 0.350 0.060 0.020 0.390 0.620 0.790 0.000 0.330 0.320 0.110 0.250

hm 0.841 0.360 0.339 0.243 0.237 0.970 0.407 0.247 0.233 0.195 1.003 0.229 0.191 0.188 0.176 0.519 0.186 0.165 0.152 0.144

ASLm 0.180 0.620 0.340 0.680 0.290 0.000 0.180 0.590 0.220 0.320 0.010 0.700 0.780 0.600 0.310 0.080 0.810 0.620 0.270 0.140

hm 0.688 0.532 0.497 0.450 0.394 0.767 0.512 0.376 0.280 0.236 0.515 0.498 0.449 0.367 0.364 0.885 0.539 0.329 0.326 0.311

ASLm 0.360 0.540 0.180 0.130 0.150 0.240 0.180 0.460 0.800 0.840 0.790 0.240 0.100 0.070 0.030 0.090 0.120 0.660 0.350 0.140

hm 0.784 0.620 0.587 0.522 0.300 0.784 0.651 0.524 0.290 0.281 0.715 0.554 0.527 0.338 0.274 0.668 0.600 0.584 0.248 0.167

ASLm 0.310 0.310 0.110 0.020 0.640 0.080 0.010 0.100 0.740 0.280 0.080 0.090 0.020 0.330 0.390 0.090 0.000 0.000 0.350 0.780

Note: Bold letters indicate significant at least at 10% level.

Argentina

Brazil

Uruguay

Chile

Silverman test  for multimodality  for normalized Balassa Index (in logarithm)

Country Stat./N.m
1983-1986 1987-1990 1991-1994 1995-1998
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Figure A4.3. Tukey box-plots (1983-1998) 

     Figure A4.3a      Figure A4.3b 

     Figure A4.3c      Figure A4.3d  
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Argentina - N ormalized Balassa Index

Cross-profile  plot 

331 314 385 361 383 369 384 322 362 355 342 321 371 311

1983-1986 1987-1990

1991-1994 1995-1998

Brazil - N ormalized Balassa Index

Cross-profile  plot 

354 314 342 356 381 362 352 369 361 321 372 331 323 311

1983-1986 1987-1990

1991-1994 1995-1998

Uruguay - N ormalized Balassa Index

Cross-profile  plot 

314 385 354 384 372 390 371 362 341 355 352 361 321 311

1983-1986 1987-1990

1991-1994 1995-1998

Chile - Normalized Balassa Index

Cross-profile  plot 

314 390 383 323 324 382 362 332 381 361 371 351 331 341

1983-1986 1987-1990

1991-1994 1995-1998

Figure A4.4. Cross-profile plots (1983-1998) 
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Table A4.2a. Classificat ion of sectors according to changes in normalized Balassa index (1983-1998) 

Category\ Country Argentina Brazil Uruguay Chile 

NBI1983-1986>1 
and 

NBI1995-1998>1 
 Paper products; non-ferrous metals Beverages Wood products 

NBI1983-1986<1 
and 

NBI1995-1998>1 
Beverages; printing and publishing Tobacco; other non-metallic minerals  Tobacco; rubber products Beverages; printing and publishing  

Increasing 

NBI1983-1986<1 
and 

NBI1995-1998<1 
 

Tobacco; footwear; wood products; 
furniture; paper products; rubber 
products; plastic products; other 
non-metallic minerals; transport 
equipment; professional and  
scientific instruments 

Beverages; furniture; miscellaneous 
products of petroleum and coal; glass 
products; fabricated  metal products  

Wood products; furniture; paper 
products; petroleum refineries; 
plastic products; glass products; 
other non-metallic minerals; iron 
and  steel; non-ferrous metals; 
fabricated  metal products; non-
electrical machinery; transport 
equipment; professional and  
scientific instruments  

Textiles; wearing apparel; leather 
products; footwear; furniture; 
industrial chemicals; other chemical 
products; rubber products; plastic 
products; glass products; other non-
metallic minerals; fabricated  metal 
products; non-electrical machinery; 
electrical machinery; transport 
equipment; professional and  
scientific instruments  

NBI1987-1987>1 
and 

NBI1995-1998>1 
Food products; leather products Food  products; footwear 

Textiles; wearing apparel; leather 
products 

Non-ferrous metals 

NBI1983-1986>1 
and 

NBI1995-1998<1 
 Petroleum refineries   

Decreasing 

NBI1983-1986<1 
and 

NBI1995-1998<1 

Textiles; industrial chemicals; non-
ferrous metals; non-electrical 
machinery   

Textiles; wearing apparel; printing 
and  publishing;  industrial chemicals; 
other chemical products; pottery, 
china, and  earthenware; electrical 
machinery; professional and scientific 
instruments  

Miscellaneous products of 
petroleum and  coal 

Iron and  steel 

NBI>1 Petroleum refineries; iron and steel  
Leather products; wood products; 
rubber products; iron and steel   

Food  products Food  products; paper products 

Constant 
NBI<1 

Wearing apparel; other chemical 
product; miscellaneous products of 
petroleum and  coal; pottery, china, 
and  earthenware; glass products; 
fabricated  metal products; electrical 
machinery  

Plastic products; non-electrical 
machinery; transport equipment  

Footwear; printing and  publishing; 
industrial chemicals; other chemical 
products; pottery, china, and  
earthenware; electrical machinery 

Tobacco; petroleum refineries; 
miscellaneous products of 
petroleum and  coal; pottery, china, 
and  earthenware  

Note: 
Industries are classified as “Increasing” if, in a regression of the natural logarithm of the normalized  Balassa index on a constant and  a time trend , the estimated coefficient in the last variable is positive and  significant 
at least at 10% level. Contrary, they are classified as “Decreasing” if that coefficient is negative and  significant. Finally, they are categorized  as “Constant” if the coefficient in question is not significant. 
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Table A4.2b. Classificat ion of sectors according to changes in normalized Balassa index (1987-1998) 

Category \ Country  Argent ina Brazil Uruguay Chile 

NBI1987-1989>1 
and 

NBI1995-1998>1 
 Wood products; rubber products Food products; beverages Wood products 

NBI1987-1989<1 
and 

NBI1995-1998>1 
Beverages; printing and publishing Tobacco; other non-metallic minerals  Tobacco; rubber products Beverages; printing and publishing  

Increasing 

NBI1987-1989<1 
and 

NBI1995-1998<1 
 

Tobacco; wood  products; furniture;; other 
chemical products; p lastic products; 
electrical machinery; transport equipment; 
professional and scientific instruments 

Beverages; furniture; miscellaneous 
products of petroleum and coal; plastic 
products; fabricated  metal products  

Wood products; furniture; paper 
products; printing and publishing; 
petroleum refineries; plastic 
products; glass products; iron and  
steel; non-ferrous metals; fabricated  
metal products; non-electrical 
machinery; transport equipment; 
professional and scientific 
instruments  

Textiles; leather products; furniture; 
industrial chemicals; other chemical 
products; rubber products; plastic 
products; glass products; fabricated  
metal products; non-electrical 
machinery; electrical machinery; 
transport equipment; professional 
and  scientific instruments  

NBI1987-1987>1 
and 

NBI1995-1998>1 
Food products; iron and steel Footwear 

Textiles; wearing apparel; leather 
products 

Non-ferrous metals 

NBI1987-1989>1 
and 

NBI1995-1998<1 
 Petroleum refineries  Pottery, china, and earthenware 

Decreasing 

NBI1987-1989<1 
and 

NBI1995-1998<1 

Textiles; wearing apparel; industrial 
chemicals; pottery, china, and earthenware; 
glass products;  non-ferrous metals; 
fabricated metal products; non-electrical 
machinery   

Textiles; wearing apparel; pottery, china, 
and  earthenware; non-electrical 
machinery; electrical machinery  

Industrial chemicals; other chemical 
products; miscellaneous products of 
petroleum and  coal 

 

NBI>1 Petroleum refineries; leather products  
Food products; leather products; paper 
products; non-ferrous metals; iron and  steel  

Food  products Food  products; paper products 

Constant 
NBI<1 

Footwear; paper products; miscellaneous 
products of petroleum and coal; rubber 
products; other non-metallic minerals  

Printing and publishing; industrial 
chemicals; other chemical products; glass 
products; transport equipment; 
professional and scientific instruments  

Footwear; pottery, china, and  
earthenware; other non-metallic 
minerals; fabricated metal products; 
electrical machinery 

Tobacco; wearing apparel; footwear; 
petroleum refineries; miscellaneous 
products of petroleum and coal; other 
non-metallic minerals; iron and steel 

Note: 
Industries are classified  as “Increasing” if, in a regression of the natural logarithm of the normalized  Balassa index on a constant and  a time trend , the estimated  coefficient in the last variable is positive and  significant at 
least at 10% level. Contrary, they are classified as “Decreasing” if that coefficient is negative and significant. Finally, they are classified  as “Constant” if the coefficient in question is not significant. Bold letters identify re-
classified sectors. 
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State 1 2 3 4 5

S (ue) 0.10 0.27 0.51 0.86 inf

1 0.10 94 0.81 0.17 0.02 0.00 0.00

2 0.27 96 0.10 0.68 0.22 0.00 0.00

3 0.51 95 0.01 0.16 0.61 0.21 0.01

4 0.86 95 0.00 0.00 0.17 0.73 0.11

5 inf 96 0.00 0.00 0.02 0.09 0.89

0.32 0.21 0.07 0.14 0.25

0.10 0.16 0.22 0.26 0.26Ergodic distribution

Argentina - Transition probabilities (1 year) based on Normalized Balassa Index

State S (ue) Obs.

Initial distribution

State 1 2 3 4 5

S (ue) 0.24 0.42 0.76 1.51 inf

1 0.24 96 0.89 0.11 0.00 0.00 0.00

2 0.42 95 0.12 0.80 0.06 0.02 0.00

3 0.76 95 0.02 0.07 0.80 0.11 0.00

4 1.51 95 0.00 0.00 0.12 0.82 0.06

5 inf 95 0.00 0.00 0.00 0.03 0.97

0.14 0.21 0.29 0.21 0.14

0.19 0.17 0.15 0.16 0.33Ergodic distribution

Obs.

Brazil - Transition probabilities (1 year) based on Normalized Balassa Index

Initial distribution

State S (ue)

State 1 2 3 4 5

S (ue) 0.04 0.13 0.39 1.18 inf

1 0.04 96 0.73 0.24 0.03 0.00 0.00

2 0.13 96 0.22 0.60 0.16 0.02 0.00

3 0.39 94 0.01 0.13 0.73 0.13 0.00

4 1.18 96 0.00 0.00 0.10 0.84 0.05

5 inf 94 0.00 0.00 0.01 0.05 0.94

0.21 0.25 0.14 0.14 0.25

0.13 0.15 0.22 0.28 0.23Ergodic distribution

Initial distribution

Uruguay - Transition probabilities (1 year) based on Normalized Balassa Index

State S (ue) Obs.
State 1 2 3 4 5

S (ue) 0.02 0.08 0.19 0.70 inf

1 0.02 95 0.78 0.22 0.00 0.00 0.00

2 0.08 96 0.15 0.59 0.25 0.01 0.00

3 0.19 95 0.01 0.15 0.65 0.19 0.00

4 0.70 95 0.00 0.00 0.16 0.80 0.04

5 inf 95 0.00 0.00 0.00 0.03 0.97

0.32 0.21 0.14 0.14 0.18

0.09 0.12 0.20 0.25 0.33

Chile - Transition probabilities (1 year) based on Normalized Balassa Index

Obs.S (ue)State

Ergodic distribution

Initial distribution

 

State 1 2 3 4 5

S (ue) 0.06 0.21 0.45 1.16 inf

1 0.06 381 0.84 0.15 0.01 0.00 0.00

2 0.21 380 0.10 0.73 0.17 0.00 0.00

3 0.45 381 0.00 0.14 0.73 0.12 0.00

4 1.16 380 0.00 0.00 0.11 0.83 0.06

5 inf 382 0.00 0.00 0.00 0.05 0.95

0.28 0.17 0.14 0.21 0.21

0.12 0.18 0.21 0.23 0.26Ergodic distribution

Initial distribution

Obs.S (ue)State

Pooled - Transition probabilities (1 year) based on Normalized Balassa Index

Table A4.3. Transition matrices and ergodic distributions (1981-1998) 
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State 1 2 3 4 5

S (ue) 0.24 0.40 0.73 1.42 inf

1 0.24 72 0.75 0.14 0.06 0.06 0.00

2 0.40 72 0.24 0.60 0.11 0.00 0.06

3 0.73 73 0.01 0.15 0.63 0.21 0.00

4 1.42 74 0.01 0.01 0.23 0.51 0.23

5 inf 73 0.00 0.00 0.01 0.08 0.90

0.14 0.21 0.29 0.18 0.18

0.12 0.11 0.17 0.16 0.44Ergodic distribution

Obs.

Brazil - Transition probabilities (5 years) based on Normalized Balassa Index

Initial distribution

State S (ue)

State 1 2 3 4 5

S (ue) 0.03 0.10 0.35 1.16 inf

1 0.03 72 0.49 0.42 0.07 0.03 0.00

2 0.10 73 0.10 0.42 0.38 0.08 0.01
3 0.35 73 0.05 0.07 0.53 0.32 0.03
4 1.16 73 0.00 0.00 0.11 0.79 0.10

5 inf 73 0.00 0.00 0.00 0.10 0.90

0.21 0.25 0.14 0.14 0.25

0.02 0.03 0.12 0.40 0.44Ergodic dist ribut ion

Init ial distribut ion

Uruguay - Transition probabilities (5 years) based on N ormalized Balassa Index

State S (ue) Obs.
State 1 2 3 4 5

S (ue) 0.02 0.06 0.16 0.64 inf

1 0.02 73 0.40 0.27 0.29 0.04 0.00

2 0.06 73 0.16 0.33 0.34 0.15 0.01
3 0.16 72 0.04 0.06 0.49 0.39 0.03
4 0.64 73 0.00 0.03 0.19 0.68 0.10

5 inf 73 0.00 0.00 0.00 0.07 0.93

0.21 0.25 0.21 0.14 0.18

0.02 0.03 0.15 0.31 0.50

Chile - Transition probabilities (5 years) based on N ormalized Balassa Index

Obs.S (ue)State

Ergodic dist ribut ion

Init ial distribut ion

State 1 2 3 4 5

S (ue) 0.05 0.19 0.43 1.09 inf

1 0.05 291 0.52 0.38 0.09 0.00 0.00

2 0.19 292 0.10 0.53 0.29 0.08 0.01
3 0.43 291 0.01 0.16 0.56 0.24 0.03
4 1.09 291 0.00 0.01 0.16 0.65 0.17

5 inf 291 0.00 0.00 0.01 0.10 0.89

0.24 0.19 0.15 0.21 0.21

0.02 0.09 0.17 0.27 0.45Ergodic dist ribut ion

Init ial distribut ion

Obs.S (ue)State

Pooled - Transition probabilities (5 years) based on N ormalized Balassa Index

 

State 1 2 3 4 5

S (ue) 0.08 0.25 0.48 0.85 inf

1 0.08 73 0.38 0.38 0.22 0.00 0.01

2 0.25 73 0.12 0.44 0.26 0.18 0.00

3 0.48 72 0.01 0.26 0.32 0.35 0.06

4 0.85 74 0.00 0.00 0.27 0.54 0.19

5 inf 72 0.00 0.01 0.03 0.18 0.78

0.29 0.25 0.04 0.18 0.25

0.03 0.12 0.20 0.33 0.33Ergodic distribution

Argentina - Transition probabilities (5 years) based on Normalized Balassa Index

State S (ue) Obs.

Initial distribution
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State 1 2 3 4 5

S (ue) 0.06 0.23 0.45 0.90 inf

1 0.06 45 0.02 0.60 0.27 0.09 0.02

2 0.23 46 0.07 0.37 0.46 0.07 0.04
3 0.45 45 0.00 0.20 0.33 0.38 0.09
4 0.90 44 0.00 0.02 0.11 0.77 0.09

5 inf 44 0.00 0.00 0.05 0.25 0.70

0.25 0.25 0.07 0.18 0.25

0.00 0.07 0.16 0.54 0.22Ergodic dist ribut ion

Argentina - Transition probabilities (10 years) based on N ormalized Balassa Index

State S (ue) Obs.

Init ial distribut ion

State 1 2 3 4 5

S (ue) 0.24 0.41 0.77 1.42 inf

1 0.24 45 0.53 0.20 0.11 0.07 0.09

2 0.41 46 0.37 0.41 0.15 0.00 0.07
3 0.77 46 0.02 0.20 0.52 0.24 0.02
4 1.42 44 0.00 0.02 0.43 0.23 0.32

5 inf 43 0.00 0.02 0.07 0.09 0.81

0.14 0.21 0.29 0.18 0.18

0.12 0.14 0.24 0.13 0.36Ergodic dist ribut ion

Obs.

Brazil - Transition probabilities (10 years) based on N ormalized Balassa Index

Init ial distribut ion

State S (ue)

State 1 2 3 4 5

S (ue) 0.03 0.09 0.32 1.18 inf

1 0.03 46 0.20 0.46 0.26 0.09 0.00

2 0.09 45 0.07 0.36 0.40 0.13 0.04
3 0.32 45 0.09 0.07 0.31 0.51 0.02
4 1.18 45 0.00 0.02 0.02 0.87 0.09

5 inf 43 0.00 0.00 0.00 0.07 0.93

0.21 0.25 0.14 0.14 0.25

0.00 0.02 0.03 0.41 0.54Ergodic dist ribut ion

Init ial distribut ion

Uruguay - Transition probabilities (10 years) based on N ormalized Balassa Index

State S (ue) Obs.
State 1 2 3 4 5

S (ue) 0.01 0.04 0.10 0.63 inf

1 0.01 46 0.07 0.33 0.17 0.43 0.00

2 0.04 44 0.00 0.16 0.27 0.57 0.00
3 0.10 44 0.00 0.09 0.30 0.61 0.00
4 0.63 46 0.00 0.00 0.09 0.78 0.13

5 inf 44 0.00 0.00 0.00 0.05 0.95

0.14 0.32 0.11 0.25 0.18

0.00 0.00 0.03 0.25 0.72

Chile - Transition probabilities (10 years) based on N ormalized Balassa Index

Obs.S (ue)State

Ergodic dist ribut ion

Init ial distribut ion

State 1 2 3 4 5

S (ue) 0.04 0.15 0.40 1.08 inf

1 0.04 180 0.24 0.42 0.28 0.06 0.01

2 0.15 180 0.07 0.44 0.37 0.09 0.03
3 0.40 180 0.01 0.10 0.51 0.30 0.08
4 1.08 179 0.00 0.01 0.15 0.66 0.19

5 inf 177 0.00 0.00 0.02 0.10 0.88

0.22 0.18 0.18 0.21 0.21

0.00 0.03 0.14 0.29 0.54

Pooled - Transition probabilities (10 years) based on N ormalized Balassa Index

Obs.S (ue)State

Ergodic dist ribut ion

Init ial distribut ion
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Table A4.4. Mobility indices 
 

 

 

0.829

0.570

0.791

0.817

0.323

0.181

0.288

0.302

Country\ Index

Argentina

Brazil

Uruguay

Chile

Pooled

Normalized BI - Mobility indices based on one-year transition probabilities (5 grids)

M1 M2

0.231 0.681

Normalized BI - Mobility indices based on five-years transition probabilities (5 grids)

Country\ Index M1 M2

Argentina 0.635 0.997
Brazil 0.401 0.906

Uruguay 0.464 0.946
Chile 0.543 0.982

Pooled 0.464 0.945

Pooled 0.568 0.984

Uruguay 0.585 0.987
Chile 0.686 0.999

Argentina 0.699 0.996
Brazil 0.623 0.998

Normalized BI - Mobility indices based on ten-years transition probabilities (5 grids)

Country\ Index M1 M2
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       Table A4.5. Cross-country comparisons           Table A4.6. Time stability 

 
 
 
 
 

Critical values 
Stat-D.f./Sig. level 0.10 0.05 0.01 

)20(2χ  28.4120 31.4104 37.5662 

Argentina Brazil Uruguay Chile

Argentina 86.227*** 36.418** 27.542
Brazil 45.071*** 34.807* 41.348***
Uruguay 34.575** 49.312*** 15.148
Chile 19.130 88.698*** 20.649

Pooled 38.475*** 39.187*** 44.201*** 26.157

Normalized BI (1-year t ransit ions) - Hypothesis t est ing (5g)

Argentina Brazil Uruguay Chile

Argentina 147.609*** 127.714*** 106.066***
Brazil 118.802*** 121.277*** 133.597***
Uruguay 76.680*** 150.973*** 34.373**
Chile 51.725*** 176.814*** 73.116***

Pooled 63.040*** 130.777*** 45.934*** 105.821***

Normalized BI (5-years t ransit ions) - Hypothesis t est ing (5g)

Argentina Brazil Uruguay Chile

Argentina 216.251*** 77.480*** 119.688***
Brazil 728.982*** 521.124*** 332.152***
Uruguay 91.323*** 210.358*** 62.622***
Chile 286.580*** 273.950*** 162.478***

Pooled 44.316*** 213.307*** 54.531*** 274.073***

Normalized BI (10-years t ransit ions) - Hypothesis t est ing (5g) Argentina
Brazil
Uruguay
Chile
Pooled

12.502
11.789
18.750

Normaliz ed BI (1-year t ransit ions) - Hypothesis test ing (5g)

1991-1997 / Whole period (X2 statistic)
17.310

3.872

Argentina
Brazil
Uruguay
Chile
Pooled

Normaliz ed BI (1-year t ransit ions) - Hypothesis test ing (5g)

1990-1997 / Whole period (X2 statistic)
20.531

3.647
12.718
16.617
21.395
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A5. Regional trade patterns 
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Argentina - Normalized Regional Trade Specialization (1987-1998) Brazil - Normalized Regional Trade Specialization (1987-1998)

Uruguay - Normalized Regional Trade Specialization (1987-1998) Chile - Normalized Regional Trade Specialization (1987-1998)

Figure A5.1 
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Figure A5.2. Kernel density estimates (1987-1998) 
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Table A5.1 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

m=1 m=2 m=3 m=4 m=5 m=1 m=2 m=3 m=4 m=5 m=1 m=2 m=3 m=4 m=5

hm 0.346 0.308 0.295 0.243 0.150 0.645 0.367 0.266 0.253 0.188 0.608 0.427 0.211 0.196 0.153

ASLm 0.690 0.490 0.100 0.170 0.760 0.110 0.290 0.250 0.180 0.410 0.010 0.100 0.560 0.250 0.490

hm 0.332 0.195 0.165 0.150 0.141 0.326 0.227 0.153 0.116 0.104 0.454 0.263 0.247 0.220 0.121

ASLm 0.260 0.660 0.570 0.450 0.050 0.430 0.410 0.770 0.800 0.660 0.070 0.280 0.060 0.010 0.500

hm 1.097 0.629 0.606 0.298 0.256 0.659 0.620 0.504 0.410 0.348 0.661 0.643 0.518 0.467 0.456

ASLm 0.080 0.370 0.080 0.660 0.550 0.580 0.220 0.250 0.260 0.280 0.780 0.420 0.340 0.310 0.030

hm 0.856 0.454 0.410 0.303 0.206 0.677 0.560 0.286 0.228 0.222 0.359 0.316 0.270 0.208 0.185

ASLm 0.050 0.640 0.330 0.540 0.950 0.060 0.030 0.530 0.510 0.280 0.580 0.360 0.450 0.710 0.620

N ote: Bold  letters ind icate significant at least at 10% level.

Argentina

Brazil

Uruguay

Chile

Silv erman t est  for mult imodalit y  for normaliz ed regional t rade index (in logarit hm)

Country Stat./N .m
1987-1990 1991-1994 1995-1998
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Figure A5.3. Tukey box-plots (1987-1998) 

Figure A5.3a Figure A5.3b 

 Figure A5.3c Figure A5.3d  
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Argentina - N ormalized Regional Trade Index

Cross-profile  plot 
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Brazil - N ormalized Regional Trade Index

Cross-profile plot 
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Uruguay - N ormalized Regional Trade Index

Cross-profile  plot 
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Chile - N ormalized Regional Trade Index

Cross-profile  plot 
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Figure A5.4. Cross-profile plot (1987-1998) 
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Table A5.2. Classificat ion of sectors according changes in normalized regional t rade index (1987-1998) 
Category\ Country Argentina Brazil Uruguay Chile 

NRTS1987-1989>1 
and 

NRTS1995-1998>1 
Motor vehicles Fabricated  metal products 

Coke, refined  petroleum products, and  
nuclear fuel(5); motor vehicles(5) 

 

NRTS1987-1989<1 
and 

NRTS1995-1998>1 
Tobacco 

Tobacco; textiles; wearing apparel; 
printing and publishing (3); motor 
vehicles 

Tobacco 
Fabricated  metal products; 
machinery and  equipment; electrical 
machinery 

Increasing 

NRTS1987-1989<1 
and 

NRTS1995-1998<1 
 

Textiles; wood  products Paper products (3)   

Food  products and  beverages; 
textiles; wearing apparel; leather 
and  footwear; rubber and  plastic 
products; office, accounting, and  
computing machinery; other 
transport equipment(3); furniture 
and  other manufacturing industries 

NRTS1987-1987>1 
and 

NRTS1995-1998>1 
 Chemical products  Electrical machinery Motor vehicles 

NRTS1987-1989>1 
and 

NRTS1995-1998<1 

Paper products (2); coke, refined  
petroleum products, and nuclear 
fuel (2); chemical products; other 
non-metallic minerals; machinery 
and  equipment; medical, 
precision, and  optical instruments; 
other transport equipment     

Coke, refined  petroleum products, and  
nuclear fuel (2); other non-metallic 
minerals; rad io, television, and  
communication equipment; medical, 
precision, and  optical instruments(2)  

Wood products; chemical products; 
rubber and  plastic products(2)   

 
Decreasing 

NRTS1987-1989<1 
and 

NRTS1995-1998<1 

Leather and footwear; office, 
accounting, and  computing 
machinery; furniture and  other 
manufacturing industries 

Basic metals; other transport equipment; 
furniture and  other manufacturing 
industries 

Leather and footwear; basic metals (3); 
rad io, television, and  communication 
equipment  

 

NRTS>1 

Rubber and  plastic products (3);  
electrical machinery (4); rad io, 
television, and  communication 
equipment  

Rubber and  plastic products; machinery 
and  equipment; electrical machinery   

Paper products(3); printing and 
publishing(3)   

Tobacco(4); printing and  publishing  

Constant 

NRTS<1 

Food products and  beverages; 
wearing apparel; printing and  
publishing; basic metals; 
fabricated  metal products  

Food  products and  beverages; leather 
and  footwear; wood  products; office, 
accounting, and  computing machinery   

Food  products; textiles; wearing 
apparel; other non-metallic minerals;  
fabricated  metal products; machinery 
and  equipment; office, accounting, 
and  computing machinery; medical, 
precision, and  optical instruments; 
other transport equipment; furniture 
and  other manufacturing industries     

Wood products; paper products; 
chemical products; other non-
metallic minerals; basic metals;  
rad io, television, and  
communication equipment 

Notes: 
(1) Industries are classified  as “Increasing” if, in a regression of the natural logarithm of the normalized regional trade specialization index on a constant and a time trend, the estimated coefficient in the last variable is positive and significant at 

least at 10% level. Contrary, they are classified  as “Decreasing” if that coefficient is negative and significant. Finally, they are categorized as “Constant” if the coefficient in question is not significant.  
(2) The estimated coefficient on those industries do no significantly differs from zero. However, the respective normalized regional trade index changes their positions with respect to the mean. Therefore, the last criterion was adopted. 
(3) In term of sub-period averages, the normalized regional trade of those industries increased between 1987-1990 and 1991-1994 and decreased between 1991-1994 and 1995-1998. 
(4) In term of sub-period averages, the normalized regional trade of those industries decreased between 1987-1990 and 1991-1994 and increased between 1991-1994 and 1995-1998. 
(5) In term of sub-period averages, the normalized regional trade of those industries increased monotonically between 1987-1990 and 1995-1998. Nevertheless, there are significant fluctuation across years, which impedes to detect a clear pattern. 

Hence, the sub-period averages criterion was preferred also in this case.   
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State 1 2 3 4 5

S (ue) 0.29 0.68 1.10 1.58 inf.

1 0.29 52 0.88 0.10 0.00 0.02 0.00

2 0.68 54 0.11 0.70 0.17 0.02 0.00

3 1.10 53 0.02 0.11 0.64 0.17 0.06

4 1.58 52 0.02 0.04 0.19 0.52 0.23

5 inf. 53 0.00 0.00 0.02 0.21 0.77

0.14 0.32 0.14 0.27 0.14

0.22 0.17 0.19 0.18 0.23Ergodic distribution

Initial distribution

State S (ue) Obs.

Brazil - Transition probabilities (1 year) based on Relative Specialization Index

State 1 2 3 4 5

S (ue) 0.03 0.13 0.42 1.33 inf.

1 0.03 51 0.63 0.29 0.08 0.00 0.00

2 0.13 52 0.25 0.40 0.23 0.10 0.02

3 0.42 51 0.12 0.18 0.37 0.16 0.18

4 1.33 51 0.02 0.14 0.22 0.39 0.24

5 inf. 51 0.00 0.02 0.16 0.25 0.57

0.15 0.20 0.15 0.30 0.20

0.22 0.22 0.21 0.17 0.19Ergodic distribution

Initial distribution

Obs.S (ue)State

Uruguay - Transition probabilities (1 year) based on Relative Specialization Index

State 1 2 3 4 5

S (ue) 0.09 0.21 0.41 0.81 inf.

1 0.09 52 0.67 0.21 0.06 0.00 0.06

2 0.21 52 0.10 0.48 0.31 0.08 0.04

3 0.41 52 0.02 0.21 0.38 0.35 0.04

4 0.81 53 0.04 0.02 0.21 0.55 0.19

5 inf. 52 0.00 0.02 0.04 0.15 0.79

0.38 0.29 0.14 0.05 0.14

0.08 0.13 0.19 0.28 0.33Ergodic distribution

Initial distribution

Chile - Transition probabilities (1 year) based on Relative Specialization Index

State S (ue) Obs.

State 1 2 3 4 5

S (ue) 0.11 0.33 0.69 1.40 inf.

1 0.11 209 0.71 0.21 0.05 0.03 0.01

2 0.33 209 0.15 0.60 0.16 0.05 0.03

3 0.69 209 0.07 0.16 0.51 0.20 0.07

4 1.40 209 0.03 0.04 0.17 0.58 0.18

5 inf. 209 0.00 0.02 0.09 0.19 0.70

0.21 0.19 0.19 0.18 0.24

0.18 0.20 0.19 0.22 0.20

Pooled - Transition probabilities (1 year) based on Relative Specialization Index

State S (ue) Obs.

Ergodic distribution

Initial distribution

 

State 1 2 3 4 5 
S (ue) 0.19 0.51 0.86 1.45 inf. 

1 0.19 53 0.79 0.17 0.02 0.00 0.02 
2 0.51 54 0.20 0.54 0.22 0.02 0.02 
3 0.86 52 0.04 0.21 0.50 0.21 0.04 
4 1.45 52 0.02 0.02 0.23 0.58 0.15 
5 inf. 53 0.00 0.04 0.06 0.19 0.72 

0.18 0.14 0.23 0.18 0.27 
0.26 0.21 0.20 0.18 0.16 Ergodic dist ribut ion 

Argentina - Transition probabilities (1 year) based on Relative Specialization 
Index 

State S (ue) Obs. 

Init ial dist ribut ion 

Table A5.3. Transition matrices and ergodic distributions  (1986-1998) 
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State 1 2 3 4 5

S (ue) 0.24 0.58 1.00 1.50 inf.

1 0.24 35 0.71 0.11 0.06 0.09 0.03

2 0.58 35 0.29 0.31 0.23 0.11 0.06

3 1.00 35 0.17 0.26 0.37 0.17 0.03

4 1.50 35 0.06 0.26 0.37 0.14 0.17

5 inf. 36 0.08 0.08 0.25 0.14 0.44

0.23 0.14 0.18 0.18 0.27

0.38 0.20 0.21 0.12 0.09

Argentina - Transition probabilities (5 years) based on Relative Specialization Index

State S (ue) Obs.

Initial distribution

Ergodic distribution

State 1 2 3 4 5

S (ue) 0.34 0.68 1.09 1.52 inf.

1 0.34 35 0.89 0.09 0.00 0.03 0.00

2 0.68 35 0.26 0.31 0.29 0.09 0.06

3 1.09 35 0.03 0.23 0.29 0.17 0.29

4 1.52 36 0.14 0.03 0.19 0.39 0.25

5 inf. 35 0.00 0.00 0.17 0.23 0.60

0.14 0.27 0.18 0.27 0.14

0.43 0.10 0.13 0.14 0.19

Obs.

Brazil - Transition probabilities (5 years) based on Relative Specialization Index

Initial distribution

State S (ue)

Ergodic distribution

State 1 2 3 4 5

S (ue) 0.04 0.14 0.46 1.30 inf.

1 0.04 34 0.71 0.15 0.09 0.03 0.03

2 0.14 34 0.24 0.50 0.09 0.09 0.09

3 0.46 34 0.12 0.21 0.50 0.12 0.06

4 1.30 34 0.09 0.12 0.21 0.32 0.26

5 inf. 33 0.09 0.03 0.15 0.21 0.52

0.15 0.20 0.15 0.30 0.20

0.33 0.21 0.19 0.12 0.15Ergodic distribution

Initial distribution

State S (ue) Obs.

Uruguay - Transition probabilities (5 years) based on Relative Specialization Index

State 1 2 3 4 5

S (ue) 0.06 0.14 0.30 0.66 inf.

1 0.06 34 0.15 0.21 0.15 0.29 0.21

2 0.14 35 0.06 0.26 0.26 0.23 0.20

3 0.30 34 0.00 0.06 0.38 0.35 0.21

4 0.66 36 0.03 0.08 0.17 0.44 0.28

5 inf. 35 0.00 0.06 0.03 0.31 0.60

0.24 0.19 0.29 0.14 0.14

0.02 0.09 0.15 0.36 0.38Ergodic distribution

Initial distribution

State S (ue) Obs.

Chile - Transition probabilities (5 years) based on Relative Specialization Index

State 1 2 3 4 5

S (ue) 0.11 0.31 0.70 1.40 inf.

1 0.11 139 0.50 0.22 0.13 0.11 0.04

2 0.31 139 0.17 0.49 0.20 0.10 0.04

3 0.70 139 0.08 0.19 0.40 0.24 0.09

4 1.40 139 0.06 0.06 0.29 0.27 0.32

5 inf. 139 0.04 0.05 0.10 0.32 0.49

0.21 0.18 0.20 0.18 0.24

0.15 0.20 0.24 0.21 0.20

Pooled - Transition probabilities (5 years) based on Relative Specialization Index

State S (ue) Obs.

Ergodic distribution

Initial distribution
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                 Table A5.4. Mobility indices 
 

 
 

 
 
 
 
 
 
 
 

 
 

Chile 0.531 0.984

Pooled 0.476 0.940

Brazil 0.369 0.880
Uruguay 0.659 0.994

Normalized RTSI - Mobility indices based on one-year transition probabilities (5 grids)

Country\ Index M1 M2

Argentina 0.469 0.951

Pooled 0.712 0.999

Uruguay 0.614 0.986
Chile 0.792 0.999

Argentina 0.753 1.000
Brazil 0.631 0.999

Normalized RTSI - Mobility indices based on five-years transition probabilities (5 grids)

Country\ Index M1 M2
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          Table A5.5. Cross-country comparisons      Table A5.6. Time stability 
 

 
 
 
 

 
 
 
 
 

 
 

Critical values 
Stat-D.f./Sig. level 0.10 0.05 0.01 

)20(2χ  28.4120 31.4104 37.5662 

Argentina Brazil Uruguay Chile

Argentina 26.652 44.298*** 24.121
Brazil 24.264 76.154*** 47.839***
Uruguay 126.858*** 175.853*** 143.123***
Chile 34.829** 53.826*** 53.240***

Pooled 14.179 24.086 50.359*** 38.113***

Normalized RTS (1-year t ransit ions) - Hypothesis t est ing (5g)

Argentina Brazil Uruguay Chile

Argentina 124.400*** 41.983*** 258.944***
Brazil 134.635*** 71.025*** 252.825***
Uruguay 33.207** 44.881*** 170.731***
Chile 209.497*** 164.020*** 217.608***

Pooled 58.015*** 57.625*** 22.933 109.578***

Normalized RTS (5-years t ransit ions) - Hypothesis t est ing (5g)

Argentina
Brazil
Uruguay
Chile
Pooled

15.743
22.841
18.625

NRTS (1-year t ransit ions) - Hypothesis test ing (5g)

1991-1997 / Whole period (X2 statistic)
8.237
8.556

Argentina
Brazil
Uruguay
Chile
Pooled

NRTS (1-year t ransit ions) - Hypothesis test ing (5g)

1990-1997 / Whole period (X2 statistic)
12.336

7.260
7.849

19.115
11.237


