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This article develops a framework that divides global value chains into re-
gional and extra-regional and studies the participation of Latin American 
countries in the international fragmentation of production over 25 years of 
globalization. Measures of depth, position, and length are developed for 
each kind of value chain. Between 1990 and 2015 the engagement in ac-
tivities related to international trade increased in every country in Latin 
America and the prevalent way of integration is in Extra-Regional Value 
Chains. While South America engages mostly in value chains as a source 
of value added transformed by others, Central America participates more 
as the end of chains and Mexico switched its position to a net forward posi-
tion in regional value chains. Finally, the article examines the relationship 
between participation and length of the domestic segment of chains, fi nding 
that participation in Extra-Regional value chains is associated with the 
shortness of stages, while in regional integration this does not happen. 
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Lൺඅൺඇඇൾ

Rൾඌඎආൾඇ

Este articulo desarrolla un marco para dividir a las cadenas de valor global 
en regionales y extrarregionales y estudia la participación de los países 
de América Latina en la fragmentación internacional de la producción en 
25 años de globalización. Se desarrollan medidas de profundidad, posi-
ción y longitud para cada tipo de cadena de valor. Entre 1990 y 2015, la 
participación en actividades relacionadas con el comercio internacional se 
incrementó en todos los países de América Latina, y la forma prevalente de 
integración es en Cadenas de Valor Extrarregionales. Mientras América del 
Sur se involucra en cadenas de valor proveyendo valor agregado transfor-
mado por otros, América Central participa más en el fi nal de las cadenas y 
México modifi có su posición neta hacia ser más proveedor que usuario en 
las cadenas de valor regionales. Finalmente, el trabajo examina la relación 
entre la participación y la longitud del segmento doméstico de las cadenas 
de valor, encontrando que la profundización en la participación en cadenas 
extrarregionales está asociada a un acortamiento de las cadenas, mientras 
que eso no ocurre en las regionales.

Palabras Clave: Cadenas de valor mundiales, integración regional, insu-
mo-producto, eslabonamientos hacia delante y hacia atrás.

Código JEL: E16; F14; F15. 
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I. Iඇඍඋඈൽඎർඍංඈඇ

Nearby 1990 Latin American countries engaged in a process 
of openness of their economies and integration of their markets through 
multiple trade agreements signed with regional partners and also with 
non-Latin American countries. This strategy was very heterogeneous across 
the subcontinent. Mexico is engaged in the United States-Mexico-Canada 
Agreement (USMCA) which explains most of its trade. Central American 
countries have trade agreements with North American partners and Costa 
Rica also have treaties with many developed countries. South American 
countries are involved in an incomplete free trade zone (under many ALADI 
agreements) and there are big diff erences between Atlantic coastal coun-
tries, which belong to MERCOSUR and are relatively closed economies, 
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and Pacifi c coastal ones, which have a strong network of trade agreements 
with developed and emerging countries (Moncarz et al. 2021). 

Meanwhile, developments in infrastructure and information and 
communication technology and changes in the governance of global trade 
fed the second wave of globalization characterized by growing rates of in-
ternational trade systematically higher than gross domestic product, giving 
rise to the “era of the global value chains (GVC)” (Antras and Chor 2021). 
Nowadays, several countries participate in the diff erent stages of produc-
tion of a good, generating a rise in the trade of intermediate goods and a 
dissociation between gross exports and the domestic value added included 
in them (Koopman et al., 2014). In this context, both regionalization and 
globalization changed the structure of supply and demand in Latin Ameri-
can countries.

One of the key facts of involvement in the international sharing of 
production is the position that industries in countries perform along the val-
ue chains. Since the seminal work of Hummels, Ishii, and Yi (2001), litera-
ture identifi ed the forward and backward participation in value chains. Most 
complete accounting split of gross exports (Koopman, Wang, and Wei 2014; 
Borin and Mancini 2019) or value added (Wang et al. 2017b) focuses on 
identifying both types of participation. While forward participation focuses 
on the role of an industry as international supplier of intermediates, back-
ward participation captures the role of industries as users of foreign value.1 

There is not a clear theoretical statement of what should be expected 
from these alternative ways to participate in value chains and their links 
with economic development (Antras and Chor 2021). Nevertheless, some 
works fi nd some evidence on GVC backward participation and productivi-
ty (Los and Timmer 2020) and other aspects of development (World Bank 
2019). Also, industries exporting upstream tend to have more output vola-
tility (Olabisi 2020).     

Even though there have been early noted that international supply 
chains tend to be more regional than global (Johnson and Noguera 2012), 
only few articles build a framework for separate identifi cation of both kinds 

Sංඓൾ ൺඇൽ Pඈඌංඍංඈඇ ංඇ Vൺඅඎൾ Cඁൺංඇඌ ංඇ Lൺඍංඇ Aආൾඋංർൺ ...

1.   See the latest WTO Global Value Chain Development Report (Xing, Gentile, and Dollar 2021) for 
a comparison of methods based in value added and method based in gross exports.
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of fragmentation. Antràs and de Gortari (2020) develop a Ricardian model 
derived from Eaton and Kortum (2002) fi nding that downstream participa-
tion in global value chains tends to be more elastic to changes in trade costs. 
They model the geography of value chains fi nding that, departing from high 
trade costs, both regional and global value chains rise relative to domestic 
chains, but if trade cost continues declining only global value chains re-
mains, because comparative advantage (fueling global sourcing) prevails 
over proximity.  

Inter-country input-output tables link sectors of diff erent countries 
and enable a complete evaluation of relationships between fi nal demand, 
intermediate -domestic and foreign-demand and the value added. In recent 
years there have been several projects of integration of world input-output 
tables (WIOT).2 Using these data, economic literature developed a set of 
measures to characterize the size, position, or length of GVCs.

Most of these measures are conceived for GVC and so the regional 
character of value chains, noted early by Johnson and Noguera (2012), is 
less frequently studied within a comprehensive framework. Many reasons 
can justify the inclusion of a regional dimension in measures. First, the 
regional integration approach needs a benchmark to contrast results, and 
domestic and extra-regional results are the best candidates. Also, trade pol-
icy with regional partners has its issues not always shared with global -or 
multilateral- trade policy. Finally, is well documented that globalization is 
a result of the off shoring of fi rms and frequently this strategy starts with 
nearshoring and then expands worldwide. While regional integration studies 
using input-output tables have a long tradition in regional economics, there 
seems to be a certain divorce in the toolkits used by regional economics and 
those used by international economics.

While participation in GVC of some Latin American countries like 
Mexico have been widely studied (De La Cruz et al. 2011; De Gortari 2019) 
as an example of vertical regional sharing, there is still missing a compre-
hensive approach on the evolution and kind of participation in value chains. 
One of the main diffi  culties is that, in contrast to the situation of European 
countries, there are few Latin American countries in most used WIOTs. 

2.   Some examples of projects are: Tsigas et al. (2011), Johnson and Noguera (2012), Timmer et al. 
(2015), Lenzen et al. (2013)
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Blyde, Volpe Martincus, and Molina (2014) uses input-output tables 
of the GTAP project to estimate participation in value chains of Latin Amer-
ican for a given year. The Economic Commission of Latin America and The 
Caribbean (ECLAC) launched Regional Input Output Tables for 18 Latin 
American Countries (ECLAC, 2016) that have been used in research that 
focuses on total trade (Banacloche, Cadarso, and Monsalve, 2020), regional 
trade (Amar and Torchinsky Landau, 2019; Lalanne, 2021) or both (Durán 
Lima and Banacloche, 2021). While these articles are useful for depicting the 
main characteristics of regional trade of intermediates, they have limitations 
derived from the use of a Regional Input Output Table instead of a WIOT. 

The main limitation of regional tables is that the chains, defi ned form 
value added to fi nal demand, are only fully depicted when all value is added 
in the countries belonging to the region. Exports to extra-regional countries 
are treated as is they were all in fi nal products and imports of intermedi-
ates are treated as if they were all foreign value added. This limitation is 
especially important in measures of length and position in chains, where 
value-added and fi nal demand are key concepts. A second weakness of re-
gional tables is that they do not enable comparison between regional and 
global participation in value chains. Finally, at least until now, the time span 
of regional tables in Latin America is reduced, they cover Latin America for 
20053, 2011 and 2014. The interesting period from 1990 to 2003 remains 
uncovered. Note that this includes the beginning of the impulse of “open 
regionalism”, the crisis of Tequila in 1994 and Argentina in 2001 and the 
early stages of the rise of China as a global producer.  

Literature on macro measures of participation in GVC from WIOTs 
can be divided in literature on value added in fi nal goods, decomposition 
of gross exports, and positioning in GVCs (Antras and Chor 2021). While 
Durán Lima and Banacloche (2021) display and present measures of the 
fi rst and second type, Amar and Torchinsky Landau (2019) and Lalanne 
(2021) focus on the decomposition of gross exports. Nevertheless, there is 
still lacking a description of Latin America from the perspective of position 
and length of chains.4 

  3. Only ten South American Countries

  4. Lalanne (2020) applies measures of length and position (Upstreamness and Downstreamness) for 
Uruguay using ECLAC Regional IO tables. As said before, these measures applied with Regional 
IOT are truncated to regional linkages.   

Sංඓൾ ൺඇൽ Pඈඌංඍංඈඇ ංඇ Vൺඅඎൾ Cඁൺංඇඌ ංඇ Lൺඍංඇ Aආൾඋංർൺ ...
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This article adapts global measures developed by Wang et al. 
(2017a,b) to divide total activity into domestic, regional, and extra-regional. 
By doing so, it identifi es exclusively domestic, regional, or extra-regional 
value chains and a residual category comprising mixed value chains. Using 
the EORA database (Lenzen et al., 2013), I depict the evolution of value 
added in Latin American countries according to the participation in each 
type of trade in 1990-2015. Then, this article presents fully integrated meas-
ures of participation, position and length of value chains over 25 years of 
globalization and regional integration. The framework allows comparison 
with performance in other regions of reference, such as Europe and Asia. 

Wang et al. (2017b) develop a measure of participation in global val-
ue chains, arising from the decomposition of total fi nal goods and services 
production, splitting the value added in domestic stages from the foreign 
value added and also considering the place of fi nal consumption. According 
to Wang et al. (2017b), total production can be split into pure domestic val-
ue added included in domestic consumed production, pure domestic value 
added included in fi nal goods and services exported and global value chain 
production, characterized by international trade of intermediates and so ver-
tical specialization.

Wang et al. (2017a) defi nes new measures of length of production and 
upstreamness. These measures rely conceptually on the existing literature 
(Antràs and Chor, 2013; Antràs et al., 2012; Fally, 2012), but they are applied 
to WIOT instead of local matrices. In this sense, their work is close to Antràs 
and Chor (2018) and Miller and Temurshoev (2017), with the diff erence 
that their measures are defi ned as ratios of value added instead of ratios of 
production. Also, they apply the length of production in each of the terms 
defi ned in Wang et al. (2017b), leading to a new set of measures of GVC 
participation that considers both domestic and international value chains.

Both Wang et al. (2017b,a) measures of participation in GVC and 
length are used in the 2017, 2019 and 2021 Global Value Chain Develop-
ment Report (WTO, 2017, 2021). These two contributions help us to under-
stand the evolution of depth and length of GVC participation. They show 
how GVC activities gained participation in total value-added and raised 
their length until the 2008-09 crises and then they stopped their pace and 
slightly shortened.

Lൺඅൺඇඇൾ
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These measures rely on a parsimonious decomposition of value-add-
ed included in the output according to two perspectives. First, for the exports 
of intermediates, they decompose the demand, that is, the use that is made 
in a country or sector of destination. Second, they decompose the supply, 
that is, the source of value added included in the production. In all cases, 
both the fi nal demand-the destination- and the origin of value –the supply- is 
decomposed according to domestic and foreign.

This article contributes to the literature of measuring regional inte-
gration adapting a framework conceived for global production. In this sense, 
it relates to Antràs and de Gortari (2020) measure of regional value chains 
in North America, Fan et al. (2019) measure of regionalization in China or 
Bolea et al. (2019) measure of diff erent patterns of value chains in Europe. 
Also based on Borin and Mancini (2019) measure of participation in Global 
Value Chains, World Bank’s Global Value Chains Report 2020 also applies 
measures of regionalization of international value chains (WorldBank, 
2019). Furthermore, this article reveals some aspects not showed before 
on previous analysis on Latin American fragmentation of supply chains. 
Particularly, it describes the length of Latin American regional and extra 
regional value chains. 

This paper includes, in addition to this introduction, three sections. 
Section II introduces the methodological scheme built in previous work and 
develops the adaptation of these measures to divide trade in traditional and 
value chains trade, defi ning regional, extra regional and mixed value chains 
participation. Section III shows the results of the application for Latin Amer-
ica and discusses some features of the regional value chains and Section IV 
draws some conclusions.

 
II. Mൾൺඌඎඋൾඌ ඈൿ ൽൾඉඍඁ, අൾඇඍඁ, ൺඇൽ ඉඈඌංඍංඈඇ ංඇ Dඈආൾඌඍංർ, 

Rൾංඈඇൺඅ, Eඑඍඋൺ Rൾංඈඇൺඅ, ൺඇൽ Mංඑൾൽ Vൺඅඎൾ Cඁൺංඇඌ

II.a General notation and defi nitions

Intercountry input-output tables organize the world supply and de-
mand according to a structure akin to depicted in Table 1. To apply the 
algebraic decomposition defi ned in this article, regional countries must be 
arranged in the fi rst rows and columns and extra-regional are placed sub-
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Rൾඏංඌඍൺ ൽൾ Eർඈඇඈආටൺ ඒ Eඌඍൺൽටඌඍංർൺ | Vඈඅ. LX | N° 1| 2022 | ඉඉ. 11-53 | ISSN 0034-8066 | e-ISSN 2451-7321



sequently. Countries s and t belong to region G {s, tG}  and f and k are 
countries of the rest of world H { f, kG; f, kH}. Then, there are G + H 
countries in the table. 

Lൺඅൺඇඇൾ

Table 1 Regional input-output table

Source: Own Elaboration

Where Zst is an N×N matrix of intermediate inputs produced in coun-
try s and used in country t, Yst is an N×1 vector of fi nal goods produced in 
country s and consumed in country t, Xsis an N×1 vector of output of country 
s and Vasis a 1×N vector of direct value added in country s. T is the transpose 
operator. Terms labeled with k instead of t have analogous interpretations.

It is useful to aggregate every destination of fi nal demand faced by 
regional countries according to the sourcing country and sector, but distin-
guishing demand in domestic (Y D) , regional demand of regional products 

5. Note that Y D excludes domestic demand of countries outside the region.  
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(excluding domestic; Y R) and extra-regional fi nal demand sourced by re-
gional countries (Y F). Also, all demand (domestic, regional, and extra-re-
gional) faced by extra-regional countries is aggregated in Y H. All these are 
N(G+H)×1 vectors and the sum equals to total fi nal demand. 

           Y = Y D + Y R + Y F + Y H              (1)

In a general notation, fi nal demand Y, and production X can be ex-
pressed as N(G+H)×1 vectors, Z is an N(G+H)×N(G+H) matrix and Va is a 
1×N(G+H) vector. 

The Leontief matrix A = Z X^    -1 enables the usual notation in in-
put-output analysis. The operator (^) indicates that the vector is expressed 
as a diagonal matrix. The usual segmentation of production is:

   X = AX + Y            (2)                            

Each Asr is an N×N matrix containing the ratios of the utilization 
of origin s in the production of country r. In the main diagonal s=r and 
correspond to domestic intermediate supply, whereas when s≠r is the case 
of international trade of intermediates. 

The International Leontief inverse matrix is defi ned as: 
   
   B = (I-A)-1              (3)

Each submatrix Bsr is the total output necessary in each n sector of 
the country s to fulfi ll one additional unit of fi nal demand in each n sector of r 
(Bsf has the same interpretation). 

From the column perspective, the output is the result of the com-
bination of intermediate inputs plus the value-added (Va). This equation 
illustrates the Leontief production function:

   X T = uX^    = uZ + Va= uAX^     +VX^              (4)

Where V is a 1xN(G+H) row vector of ratios of value added to prod-
uct and u is a 1xN(G+H) vector of ones. Posmultiplying by X^    -1  the expres-

Sංඓൾ ൺඇൽ Pඈඌංඍංඈඇ ංඇ Vൺඅඎൾ Cඁൺංඇඌ ංඇ Lൺඍංඇ Aආൾඋංർൺ ...
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sion gives rise to the decomposition formula for production: 

      u = uA + V→ uI − uA = u(I−A) = V→ u=V(I−A)-1=VB → u=uV ̂ B    (5) 

Final demand or total output can be split using (5) according to the 
country and sector of origin of value. V ̂ B has some useful properties. Post-
multiplied by a diagonal matrix of fi nal demand it leads to complete decom-
position of value added included in it. On the direction of any column, the 
sectoral output is divided according to the country/sector of origin of the 
value, and the total sum of the column equals the fi nal demand of each sec-
tor. On the direction of rows, the value added of a country/sector is divided 
according to the country/sector of fi nal use, and the total sum equals the total 
value added of this country/sector.6 

Wang et al. (2017a) split total requirements (A) in domestic (AD) 
and international (AF). Then AFX represent the international trade in inter-
mediates. In this paper will be necessary further decompositions of A. The 
key technical step to obtain domestic, regional, and extra-regional results 
is defi ning auxiliary matrices that are in fact submatrices of A and their 
complements. Appendix A shows the defi nition of AD, Ad, Areg and Aext and 
their complements AF, A-reg, Areg-d and A-ext used in the method. AD is a block 
diagonal matrix containing domestic requirements and zeros otherwise, Ad  

contains domestic requirements only for regional countries,  Areg contains 
all requirements of regional countries ad zeros otherwise and Aext contains 
requirements only with origin and destination between non-regional coun-
tries and zeros otherwise. 

It should be defi ned also the Leontief Inverses matrix of these par-
titions of A. 

  L' = (I − AD )−1;   L = (I− Ad )−1;  

  Breg = (I− Areg )−1;  Bext = (I− Aext )−1;

Given that AD, Ad, Areg and Aext are subparts of A, then L', L ,Breg and 
Bext are a smaller amount of B. 

Lൺඅൺඇඇൾ

6. V̂BŶ uT = Va and uV̂BŶ  = YT.  
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The hypothetical extraction method followed by an important strand 
of the literature in GVC (Los, Timmer, and de Vries (2016), Los and Tim-
mer (2020), Miroudot and Ye (2018), Johnson (2018)) apply an equivalency 
between Leontief inverse matrix and some partition of it. Following this lit-
erature and Borin and Mancini (2019) a set of relationships will be defi ned. 
See Wang et al. (2017a) for a demonstration of (6) and Appendix A for a 
demonstration of (7), (8), and (9).

As long as A = AD + AF, it can be shown that:

B = L' + L'AF B       (6)

As long as A=Areg  + A-reg , it can be shown that:

B = Breg + Breg A-reg B    (7)

Analogously, given that Areg =Ad +Areg-d:

Breg =L + L Areg-dBreg    (8)

Finally, as long as A=Aext + A−ext, it can be shown that:

B = Bext +Bext A-ext B    (9)
 

II. Mൾൺඌඎඋංඇ ඍඁൾ ඉൺඋඍංർංඉൺඍංඈඇ ංඇ Gඅඈൻൺඅ Vൺඅඎൾ Cඁൺංඇඌ

At global value, total value-added equals total fi nal demand. The 
link between value added in the sector i of country s and the fi nal demand 
of sector j in country r is represented by the N(G+H)xN(G+H) matrix V̂BŶ  .
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The generic term vi
s bij

sr yj
r represents the total direct and indirect 

value added sourced in sector i of country s (vi
s) included in fi nal goods 

production of sector j in country r (yj
r). 

Note that V̂BŶ  show the splitting of value-added contribution to fi nal 
goods production irrespective of where they are consumed, as also a strand 
of literature does (Los, Timmer, and de Vries 2016; Timmer et al. 2015; Los 
and Timmer 2020). Johnston (2018) labels this option as the “GVC Income” 
view because it traces the value added embodied in fi nal goods by source 
country along the value chain. Los and Timmer (2018) also use this view 
to defi ne their VAX_P concept, that is the value added exported for fi nal 
production.7 

V̂BŶ  enables two perspectives of value chain analysis. In the row 
perspective, the value added sourced in a country sector is used in the pro-
duction of fi nal goods of other sectors and countries. This view originates 
in the sourcing of value in some country sector and ends its circulation (as 
intermediate) when is included in a fi nal product. This is the forward per-
spective, and it goes from the sourcing sector to fi nal use. In the direction of 
columns, the production of fi nal goods is divided according to the country 
sector or origin of value. This view goes from the fi nal production and tracks 
backward where the value was included. This is the backward perspective. 
The forward perspective is useful to characterize the circulation of value 
that a country has while the backward perspective is more suited to analyze 
the sourcing function of production. In the following sections, I will get 
some measures according to either one or the other perspective. It is impor-
tant to remark that, if V̂BŶ  is used as the starting point, always one of the two 
perspectives must be chosen.

III.a The forward perspective of value chains: Following the use of do-
mestic value added

Applying (7) in V̂BŶ , we get: 

  V̂BŶ  = V̂Breg Ŷ  +V̂Breg A−reg BŶ        (10)

Lൺඅൺඇඇൾ

7. An alternative matrix can be defi ned by the country of consumption of fi nal goods leading to 
Johnston and Noguera (2012) “valued added in exports”, which traces value added from sourcing 
to consumption. Note that this alternative matrix is a N(G+H)×(G+H) matrix, where rows denote 
the country sector of origin and columns indicates country of consumption.  
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Substituting Breg in (10) using (8) we get: 

V̂BŶ  = V̂LŶ  + V̂LAreg−d Breg Ŷ  + V̂LA−reg BŶ  +V̂LAreg−d Breg A−regŶ  

Also, B in the third term can be decomposed using (9).

V̂BŶ  =V̂LŶ  + V̂LAreg−d Breg Ŷ  + V̂LA−reg Bext Ŷ  + V̂LA−reg Bext A−extBŶ  
           + V̂LAreg−d Breg A−reg BŶ  

First-term accounts for domestic value added included in fi nal goods 
without border crossing of intermediates. It can be divided according to the 
destination of fi nal goods, using Eq. (1). 

V̂BŶ  = V̂LŶ D + V̂LŶ R + V̂LŶ F + V̂LŶ H 

          +V̂LAreg−d Breg Ŷ  + V̂LA−reg Bext Ŷ  

          + V̂LA−reg Bext A−ext BY ̂ + V̂LAreg−d Breg A−reg BY              (11)

Eq. (11) is a generalization of Wang et al (2017a) to the case of region-
al and extra-regional countries.8 Each term of (11) is an N(G+H)×N(G+H) 
matrix. Pos-multiplying each term by an N(G+H)×1 vector of ones (uT) we 
get accounting segregation of value added of each country-sector according 
to their participation in value chains and international trade. This split only 
holds for the fi rst NG rows that represent the countries of the region. The 
NH following rows do not have interest from the perspective of regional 
value added. 

V̂BŶ uT = V̂BY = Va = V̂LYD + V̂LYR +V̂LYF 

+ V̂LAreg−d B−reg Y + V̂LA−reg Bext Y 

+ V̂LA−reg Bext A−ext BY + V̂LAreg−d Breg A−reg BY          (12)

Now, instead of matrices, we get seven vectors. The fi rst NG rows 
are each sector of the G regional countries. Each fl ow is presented in table 
A1 in Appendix A.

8.  It can be shown that if the region is the entire world and so the extra region is null (A−reg = 0; Ŷ F= 0), 
only the fi rst, second, and fi fth terms are non-null. In this case, we get  V̂BŶ  =V̂LY ̂D +V̂LŶ F + 
V̂LAF BŶ , which is Wang et al (2017a) disaggregation.
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The fi rst term of (12) is the pure domestic value added included in 
local production for domestic demand. This value added does not cross any 
border. This term represents the activity of a country not related to interna-
tional trade. Except for some small countries, this term accounts for most of 
the activity of a country. Analogously, V̂LŶ  R is pure domestic value added 
in fi nal goods exports to a regional partner. This value added only crosses 
borders once. The third term is analogous to the second but for extra-region-
al instead of regional consumption. The sum of the fi rst, second, and third 
terms of Eq (12) is the value added of a country directly included in the 
production of fi nal goods without crossing any border. Note that, as long as 
the production of fi nal goods in a country can use foreign inputs, this value 
is lower than fi nal goods production itself. 

The rest of the terms (4 to 7) of Eq (12) is value added included in 
the export of intermediates and so involve any kind of Global Value Chains 
trade. The fourth term is the value added included in fi nal goods produced 
in a regional country without any further stage in extra zone. It is labe-
led as Regional Value Chains (RVC) because it entails regional trade of 
intermediates but, at least from the perspective of the sourcing country s, it 
does not include extra-regional stages. RVC represents two or more regional 
countries sharing a chain of production. The fi fth term is the value added in 
intermediates that are exported to extra-regional countries and transformed 
there into fi nal goods without further participation of any regional country 
(including s). It is labeled as EVC in opposition to RVC and it represents the 
integration of a country with extra-regional production instead of regional 
integration. The fi nal two terms, sixth and seventh, are the more complex 
and less sizable. They account for value added in s that is exported as inter-
mediate and included in chains that involve both regional and extra-regional 
countries. As will be noted later, these chains have a minimum length of 
three, because it intervenes in at least one stage in the domestic country, one 
stage in the regional country, and one stage in the extra-regional country. 
The diff erence between terms sixth and seventh is the order of the operation, 
while in the former the order of value-added fl ow is domestic-extra region-
al-regional in the latter the sequence is domestic-regional-extra regional. 
They are labeled as Mixed Value Chains. 
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II.b The backward perspective of value chains: Tracking the origin of 
value

Summing V̂BŶ  across columns leads to the total fi nal production of 
each country sector. After some manipulation analogous to the forward per-
spective , we get a disaggregation of fi nal demand according to the origin 
of value.

uV̂BŶ  = VBŶ  = Y T = VLŶ  D +VLŶ  R + VLŶ  F 

              + VBreg Areg-d LŶ  +VBext A−reg LŶ   

              +VBA−ext Bext A−reg LŶ  + VBA−reg Breg Areg−d LŶ        (13)

The fi rst, second, and third terms account for the domestic value add-
ed directly included in the country of reference in domestic, regional, and 
extra-regional fi nal demand respectively. The fourth term is the regional val-
ue added included in fi nal production without any stage outside the region. 
That is, the regional value added that after some regional circulation is used 
by the country of reference in its production of fi nal products. It represents 
the backward view of regional integration in Value Chains. The fi fth term 
is the extra-regional value added used in domestic fi nal production without 
any stage in the rest of the region. It represents the backward view of par-
ticipation in Extra regional Value Chains, as defi ned before. The sixth and 
seventh terms are both mixed value chains from a backward perspective. 

II.c.Single and complex value chains and links with other measures of 
participation in value chains

At this point, it is useful to point out that RVC and EVC include 
fl ows of intermediates that cross borders at least one time. This means that 
includes intermediates imported by a country that are not further exported 
but simply used in domestic production. The multiple border crossing of 
intermediates is one of the most salient features of globalization and is be-
hind the increasing divorce between statistics of trade and level of activity 
(Koopman, Wang, and Wei 2014). Some recognized measures defi ne value 
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9.The method includes using again (7), (8), (9) and the following equivalencies: 
    Breg A−reg B = BA−reg Breg; LAreg−d Breg = Breg Areg-d L and Bext A−ext B = BA−ext Bext

Rൾඏංඌඍൺ ൽൾ Eർඈඇඈආටൺ ඒ Eඌඍൺൽටඌඍංർൺ | Vඈඅ. LX | N° 1| 2022 | ඉඉ. 11-53 | ISSN 0034-8066 | e-ISSN 2451-7321



chain participation as the share of value added in exports that cross borders 
twice or more (Borin and Mancini 2019). 

To capture these fl ows Wang et al. (2017a) split the global value 
chains term according to single and complex value chains, both for forward 
and backward perspectives. Appendix C shows an adaptation of these meas-
ures to the scheme developed here, a comparison with Borin and Mancini's 
(2019) measures, and the empirical results of this exercise. An analysis of 
both kinds of measures of participation is also included in the 2021 WTO 
Report on Global Value Chains (Xing, Gentile, and Dollar 2021). 

 

II.d. Measuring the length and the position

Fally (2012), Antràs et al. (2012), and Antràs and Chor (2013) in-
troduced defi nitions of product length, upstreamness, and dowstreamness 
in global value chains, using the concept of “Average Propagation Length” 
defi ned in Bosma, Romero Luna, and Dietzenbacher (2005). In doing so, 
they used the United States input-output table and did some adjustments to 
fi t with international trade. Later, Antràs and Chor (2018) and Miller and 
Temurshoev (2017) used these defi nitions to characterize countries and 
sectors with World Input-Output Tables. While both articles fi nd a strong 
correlation between upstreamness and downstreamness, Miller and Temur-
shoev (2017) show that these measures can be regarded as alternative row 
and column sums of the same set of information, and defi ne the Output 
Upstreamness and Input Downstreamness to characterize sector and country 
position in global value chains. 

This literature measures output upstreamness, from output to fi nal 
demand, as the average number of times that the value is counted until it is 
included in a fi nal good. Alternatively, defi ne the input downstreamness as 
the average number of times that the value added has been counted until it 
is included in the output. 

While using the same concepts behind previous defi nitions of up-
streamness, downstreamness, and length of production, Wang et al. (2017b) 
point out that those measures are inconsistent because they start from the 
gross output and have been defi ned as gross measures, whereas, if defi ned 
from primary factors to the production of fi nal goods, upstreamness and 
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downstreamness of a particular country/sector in a global production net-
work are the two faces of the same coin. Wang et al. (2017b) state that both 
concepts are useful only concerning production length, and so they measure 
the relative distance of a particular production stage (country – sector) to the 
origin of value and the fi nal production. 

In a matrix notation, Wang et al. (2017b) defi ne the average length of 
a chain as the element-wise ratio of two matrices:

   PL = V̂BBŶ  / V̂BŶ             (14)

The denominator is a matrix equivalent to vi
s bij

sr yj
r, that is, the total 

value added from a country sector included in fi nal production from another 
country sector. The numerator is, like in Antràs and Chor (2018), the aver-
age number of times that the value-added originated in a sector of a country 
is counted as output in fi nal production from another country sector. PL 
represents the weighted average of times that the value added of a coun-
try´s sector is counted as output in fi nal production, and the weights are the 
amount added itself.

As mentioned earlier, the average length is useful if defi ned as a 
row or column sum. As in previous measures (Antràs et al. 2012; Miller 
and Temurshoev 2017), the forward perspective or producer’s perspective 
of length is the row sum of the Ghosh inverse Matrix (H). This yields an 
N(G+H)×1 vector.

PLv = V̂BBŶ uT / V̂BŶ uT = V̂BBY / V̂BY =HuT          (15)

Analogously, the backward perspective or user’s perspective, of 
length is the column sum of the Leontief inverse Matrix. This yields a 
1×N(G+H) vector. 

PLy = uV̂BBŶ  / uV̂BŶ  = VBBŶ  / VBŶ  = uB                            (16)

While the forward-perspective traces the average number of times 
that value added of sector i of country s is counted in production until it is 
transformed into fi nal demand in sector j of country r, the backward per-
spective traces the average number of stages that fi nal production of sector 
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i in country s must undergo from primary inputs. Wang et al. (2017b) apply 
the measures to the decomposition stated in Wang et al. (2017a), instead 
of doing it for the general set of information. By doing so, they can isolate 
the length of each specifi c kind of chain: there is a length for pure domestic 
chains, a length for traditional trade chains, and a length for global value 
chains. They defi ne a length of chains for each of these three terms of their 
decomposition of V̂BŶ . 

Following Wang et al. (2017b) method, I divide the forward per-
spective of the total length of chains in the length of each term of Eq (12). 
By doing so, it could be identifi ed the length of chains according to the 
kind of integration being considered. Each term of the regional or extra-re-
gional value chain can be divided into two linkages: those taking place in 
the sourcing country and those taking place in the regional / extra-regional 
partner. The usefulness of this division is not only conceptual but also op-
erative. Without dividing RVC or GVC total sharing into the stages that 
ensued before the fi rst border crossing and the rest, it is not possible to get a 
formula for the accounting. 

Appendix C shows the formula of forward-perspective length of 
chains for each term of Eq (12) and demonstrates the results. Equation (16) 
sets that there can be also a backward perspective of the length of chains, 
considering the number of stages that value added can have before being 
used as fi nal goods by country of reference. Instead of using Eq (12), this 
perspective must use the backward-looking decomposition of Eq (13). The 
method and the algebra are like the forward-perspective case and so they 
will be omitted.

III. Mൾൺඌඎඋංඇ උൾංඈඇൺඅ ൺඇൽ අඈൻൺඅ ංඇඍൾඋൺඍංඈඇ ංඇ ඏൺඅඎൾ 
ർඁൺංඇඌ ංඇ Lൺඍංඇ Aආൾඋංർൺ

The data used is extracted from EORA- UNTACD database and cov-
ers in principle 189 countries and 26 sectors for the period 1990-2015. Data 
consists of a matrix of local and international intermediate transactions, 
local and international fi nal demand, and value added (Lenzen et al. 2013). 
Despite having less disaggregation than other databases such as WIOD, their 
extensive period and availability of data for every Latin American country 
make it a database useful for studies for developing regions. 
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III.a. The overall evolution of the international trade-related activity

Based on Eq (12), Figure 1 and Table 2 shows the evolution of value 
added in activities related to international trade in the period from 1990 
to 2015 for selected regions. Table D1 in Appendix shows the disaggrega-
tion of Table 2 for each Latin American country in the sample. The overall 
picture of the fi gure and tables shows some salient features that cannot be 
retrieved form databases with less time and country coverage. First, despite 
being a minor share of economic activity of countries, the value related to 
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Figure 1. Share of activities related to international trade in value added

a) Global manufacturing hubs

b) Latin America

Source: Own elaboration using EORA
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international trade increased for all regions. Most of the increase was in 
the fi rst part of the period and there is a reversal of globalization after the 
global crisis except in Europe. Second, Europe and East Asia started at a 
higher level, but they are also the most dynamic regions, while America is 
lagged. Third, regionalization was the driving force of internationalization, 
especially in Asia. 

In Latin America10, Mexico experienced a strong rise in the integra-
tion in the early years of the agreement with the USA and Canada and is the 
most engaged in international sharing of production, with a regional profi le. 
The rest of regions experienced less integration, especially MERCOSUR. 
Departing from lower levels, every region in Latin America experienced 
a higher pace of regionalization than integration with global markets. The 
results confi rm the fi ndings of Moncarz et al. (2021) that most part of the 
continent is lagged in fragmentation of production and that regional integra-
tion is below levels of other regions of reference.

III.b. Size and Position of Latin American Countries in Regional and 
Global value chains

As Wang et al. (2017a) point out, the role of a country in value chains 
cannot be completely described only by analyzing the use or destination 
of its own value added, but should also consider the use that it does of 
other countries’ value. That is, the backward perspective must complement 
the forward. In Wang et al. (2017a) framework, the comparison between 
forward and backward linkages makes sense only for value chain terms be-
cause the terms that capture domestic value added in fi nal goods production 
do not show diff erences at a country level. 

Figure 2 shows the backward and forward position for all Latin 
American countries, as a share of their own value added in Regional and 
Extra regional chains. 
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10. For Mexico, the trade with the USA and Canada will be labeled as regional and the rest is ex-
tra-regional. For the seven Central American Countries (including also Dominican Rep.), the 
trade among themselves will be regional and the rest is extra-regional. Finally, for the ten South 
American countries the same defi nition holds, that is trade among themselves is considered re-
gional while the rest is considered extra-regional. Appendix E shows the defi nition of each region 
and the countries that, for computational aspects or for having problems in data were left behind.
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A comprehensive study of results presented in Figures 1 and 2 and 
Tables 2 and D1 get the following fi ndings. Argentina, Bolivia, Paraguay 
and México raised its importance in forward and regional value chains. 
Mexico is usually showed as a typical example of backward integration 
in value chains (World Bank 2019). Nevertheless, if we consider only the 
regional interaction of this value, Mexico changed its position in the peri-
od. Graph D2 in Appendix shows the evolution of Mexico in the period in 
RVC and EVC both in a forward and backward basis. The reason behind 
the surprising wave in Mexico is the increasing use of extra regional in-

Figure 2. Forward and Backward participation in value chains. As shares in 
value added of each country. Years 2014-15
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puts in its production, mostly from China. Comparing both extremes of the 
data period, Mexico raised their forward participation in RVC, that is, it 
includes more domestic value in intermediates sold to USMCA but raised 
its backward participation only in EVC, not in RVC, that is, the share of 
USMCA value in their total production remained at low levels. This result is 
consistent with Antràs and De Gortari (2020) fi nding of a U-shaped relation 
in integration and trade costs and is probably behind the renegotiation of 
the rules of origin included in the USMCA Treaty, where more tighten rules 
for non-partner inputs were set in several sectors. The other Latin American 
countries do not show this pattern, which is consistent with being in an early 
stage of reduction of trade costs, as is shown in Moncarz et al. (2021). 

The rest of South American countries perform strong involvement 
in EVC (except Uruguay) but their diff er in the bias. Chile, Ecuador and 
Venezuela are forward biased and Brazil, Colombia and Perú, despite being 
also strong exporters of mineral-based commodities to global markets, per-
form balanced positions. Chile performs also an outstanding involvement in 
backward chains, both regional and extra regional.  

Every Central American country experienced a rise in EVC partic-
ipation until the global crisis and a fall thenceforth. Every Central Ameri-
can countries' participation in EVC is backward biased, showing that these 
countries tend to participate in international trade at the end of global chains. 
RVC in Central America are less important but they have a rising tendency. 

III. Eඑඉඅඈඋංඇ ඍඁൾ ඌඈඎඋർൾඌ ඈൿ අൾඇඍඁ ංඇ අඈൻൺඅ ඏൺඅඎൾ ർඁൺංඇඌ

Section II.c showed the adaptation of Wang et al. (2017a) to the 
framework of regional and global value chains. Appendix B (Table B2) 
showed the decomposition of total length in Domestic, Regional, Extra re-
gional, and Mixed Value Chains from a forward perspective.

Figure 3 shows the dispersion of average length of chains consid-
ering every component of table C1 divided by their corresponding term of 
Equation (11). Figure D1 in the Appendix shows the evolution by country 
in each term. 
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Domestic value chains for domestic consumption are systematically 
shorter than other stages. Domestic length in fi nal good exports decreased 
considerably in the period, with a special pace in extra-regional exports of 
fi nal goods. The domestic stage of Regional and Extra regional value chains 
also decreased and are consistently higher in RVC. The extra regional length 
of EVC is higher than any other and increased in the period, showing high-
er fragmentation of production in the world. As a result of these changes, 
the total length of chains decreased in Latin American countries, except in 
Bolivia, where the rising importance of the relatively long regional stage of 
RVC counterweighted the decreasing trend in domestic stages. 

The average length of a chain in a country could be a useful indicator 
of how participation in Global Value Chains determines the specialization 
of a Country. Figure 4 relates the variation of participation in chains (as a 
share of value added) with the variation of length of the domestic stage of 
value chains, showing that the countries that increased their involvement 
in extra-regional value chains decreased more the domestic length of their 
chain. In regional trade this relationship is less clear, giving the idea that the 
participation in regional value chains did not result in increasing specializa-
tion of Latin American countries.

IV. Cඈඇർඅඎൽංඇ උൾආൺඋඌ.

The use of measures of involvement in both regionalization and 
globalization with WIOT along 25 years of integration can help to describe 
some aspects of the process of internalization that remain unveiled in previ-
ous work that study the performance of Latin American countries in value 
chains. 

Departing from low levels, participation in RVC rose at higher pace 
than participation in EVC. It is known that value chains are more regional 
than global (World Bank 2019) but it Latin America there is still prevalent 
the international sharing of production with extra regional partners. 

From 1990 to 2015, the engagement on activities related to inter-
national trade as a share of total activity grew in most countries of Latin 
America, with a stop around the global crisis of 2008-09. Nevertheless, 
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except for Mexico, every subregion of Latin America still maintains a level 
of interaction with international markets lower than the Western and Central 
European or the Southeast and East Asian countries. 
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Figure 4. Change in average length and in share of value in total value added 
of Latin American Countries. 

Change in 2014/5 relative to 1992/93. In diff erences.

a. Regional Value chains

b. Extra Regional Value chains

Source: Own elaboration using EORA
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While the participation in global value chains was increasing in most 
countries of the sample, there are strong diff erences in the type of partici-
pation measured as the position in the value chain and in the geographical 
scope of the trade. Mexico, Argentina, Bolivia, and Paraguay strongly in-
creased their involvement in RVC as the source of value (forward). Central 
American countries, despite having increased their participation in value 
chains, still underperform compared with Mexico. Nevertheless, they have 
an increasing regional trade pattern. 

Trade cost of Mexico are lower than other Latin American regions 
(Moncarz et al 2021) and, consistently with Antràs and the Gortari (2020) 
relationship between trade cost and domestic, regional and global value 
chain participation, this article fi nds a reversal in the regionalization of Mex-
ican participation characteristic of the second stage in trade costs reduction, 
while the other countries appear to be still in early high trade costs stages. 

Adapting methodologies for studying length and position in value 
chains with a regional scope, this article describes by fi rst time the length 
of chains in Latin America, discriminating both domestic and international 
stages in both RVC and EVC. This article shows how dividing the partici-
pation in the value chain can be useful to analyze the sources of the change 
in length of chains and found a negative association between participation 
and length of chains in Latin American countries, that is, the countries more 
involved (in terms of their own activity) in value chains tend to increase the 
specialization in the production process, essentially in Extra Regional Value 
Chains. In other words, participation in EVC was a major driving force for 
reduction in length of domestic stages, while regional was not.  

This preliminary fi nding encourages more systematic research about 
the relationship in participation and length of chains not only in Latin Amer-
ica but in other more integrated regions.  

V. Rൾൿൾඋൾඇർൾඌ

Amar, A. and  M. Torchinsky Landau (2019). “Cadenas Regionales de Valor En 

América Del Sur.” Documento de Proyecto. CEPAL.

Sංඓൾ ൺඇൽ Pඈඌංඍංඈඇ ංඇ Vൺඅඎൾ Cඁൺංඇඌ ංඇ Lൺඍංඇ Aආൾඋංർൺ ...

Rൾඏංඌඍൺ ൽൾ Eർඈඇඈආටൺ ඒ Eඌඍൺൽටඌඍංർൺ | Vඈඅ. LX | N° 1| 2022 | ඉඉ. 11-53 | ISSN 0034-8066 | e-ISSN 2451-7321



Antràs, P., and D. Chor (2013). “Organizing the Global Value Chain.” Econometrica 

81 (6): 2127–2204.

Antràs, P.and D. Chor (2018). “On the Measurement of Upstreamness and Down-

streamness in Global Value Chains.” Working Paper 24185. National Bureau 

of Economic Research.

Antras, P. and D. Chor (2021). “Global Value Chains.” 28549. National Bureau of 

Economic Research.

Antràs P., D. Chor, T. Fally, and R. Hillberry (2012). “Measuring the Upstreamness of 

Production and Trade Flows.” American Economic Review 102 (3): 412–16. 

https://doi.org/10.1257/aer.102.3.412.

Antràs, P., and A. De Gortari (2020). “On the Geography of Global Value Chains.” 

Econometrica 88 (4): 1553–98.

Banacloche, S., M.A. Cadarso and F. Monsalve (2020). “Implications of Measuring 

Value Added in Exports with a Regional Input-Output Table. A Case of Study 

in South America.” Structural Change and Economic Dynamics 52 (March): 

130–40. https://doi.org/10.1016/j.strueco.2019.08.003.

Blyde, J. S., C.Volpe Martincus, and D. Molina (2014). “Fábricas Sincronizadas: 

América Latina y El Caribe En La Era de Las Cadenas Globales de Valor.” 

Informe Especial sobre Integración y Comercio. Inter-American Develop-

ment Bank.

Borin, A., and M. Mancini (2019). “Measuring What Matters in Global Value Chains 

and Value-Added Trade.” Policy Research Working Paper 8804. The World 

Bank.

Bosma, N. S., I. Romero Luna, and E. Dietzenbacher (2005). “Using Average Prop-

agation Lengths to Identify Production Chains in the Andalusian Economy.” 

Estudios de Economía Aplicada, 23 (2), 405-422.

CEPAL, NU (2016). “La Matriz de Insumo-Producto de América Del Sur: Principales 

Supuestos y Consideraciones Metodológicas,” Documentos de Proyectos, 

702.

De Gortari, A. (2019). “Disentangling Global Value Chains.” Working Paper 25868. 

National Bureau of Economic Research.

Lൺඅൺඇඇൾ

Rൾඏංඌඍൺ ൽൾ Eർඈඇඈආටൺ ඒ Eඌඍൺൽටඌඍංർൺ | Vඈඅ. LX | N° 1| 2022 | ඉඉ. 11-53 | ISSN 0034-8066 | e-ISSN 2451-7321



De La Cruz, J., R. Koopman, Z. Wang, and S. Wei (2011). “Estimating Foreign 

Value-Added in Mexico’s Manufacturing Exports.” US International Trade 

Comission.

Durán Lima, J. and S. Banacloche (2021). “Análisis Económicos a Partir de Matrices 

de Insumo-Producto: Defi niciones, Indicadores y Aplicaciones Para América 

Latina.” Documentos de Proyectos. CEPAL.

Eaton, J., and S. Kortum (2002). “Technology, Geography, and Trade.” Econometri-

ca 70 (5): 1741–79.

Fally, T. (2012). “Production Staging: Measurement and Facts.” Boulder, Colorado, 

University of Colorado Boulder, May, 155–68.

Hummels, D., J. Ishii, and K. Yi (2001). “The Nature and Growth of Vertical Spe-

cialization in World Trade.” Journal of International Economics 54 (1): 

75–96.

Johnson, R. (2018). “Measuring Global Value Chains.” Annual Review of Economics 

10: 207–36.

Johnson, R.C., and G. Noguera (2012). “Accounting for Intermediates: Production 

Sharing and Trade in Value Added.” Journal of International Economics 86 

(2): 224–36.

Koopman, R., Z. Wang, and S. Wei (2014). “Tracing Value-Added and Double Count-

ing in Gross Exports.” American Economic Review 104 (2): 459–94.

Lalanne, A. (2020). “La Inserción Del Uruguay En Las Cadenas de Valor de América 

Del Sur.” Serie Estudios y Perspectivas de La Ofi cina de CEPAL En Monte-

video. CEPAL.

Lalanne, A. (2021). “Measuring Value Circulation in Regional Chains: Assessing 

Two Alternative Methods in South America.” Documento de Trabajo/FCS-

Decon; 06/21.

Lenzen, M., D. Moran, Keiichiro Kanemoto, and A. Geschke (2013). “Building Eora: 

A Global Multi-Region Input–Output Database at High Country and Sector 

Resolution.” Economic Systems Research 25 (1): 20–49.

Los, B., and M.P. Timmer (2020). “Measuring Bilateral Exports of Value Added: A 

Unifi ed Framework.” In The Challenges of Globalization in the Measure-

Sංඓൾ ൺඇൽ Pඈඌංඍංඈඇ ංඇ Vൺඅඎൾ Cඁൺංඇඌ ංඇ Lൺඍංඇ Aආൾඋංർൺ ...

Rൾඏංඌඍൺ ൽൾ Eർඈඇඈආටൺ ඒ Eඌඍൺൽටඌඍංർൺ | Vඈඅ. LX | N° 1| 2022 | ඉඉ. 11-53 | ISSN 0034-8066 | e-ISSN 2451-7321



ment of National Accounts. University of Chicago Press.

Los, B., M. P. Timmer, and G.J. de Vries (2016). “Tracing Value-Added and Double 

Counting in Gross Exports: Comment.” American Economic Review 106 (7): 

1958–66.

Miller, R.E., and U. Temurshoev (2017). “Output Upstreamness and Input Down-

streamness of Industries/Countries in World Production.” International 

Regional Science Review 40 (5): 443–75.

Miroudot, S. and M. Ye (2018). “A Simple and Accurate Method to Calculate Domes-

tic and Foreign Value-Added in Gross Exports.” MPRA Paper. September 1, 

2018. https://mpra.ub.uni-muenchen.de/89907/.

Moncarz, P., M. Flores, S. Villano, and M. Vaillant (2021). “Determinantes de Los 

Niveles de Integración Regional En Las Dos Últimas Décadas.” CAF. http://

scioteca.caf.com/handle/123456789/1790.

Olabisi, M. (2020). “Input–Output Linkages and Sectoral Volatility.” Economica 87 

(347): 713–46.

Timmer, M. P., Erik Dietzenbacher, B. Los, R. Stehrer, and G.J. Vries (2015). “An 

Illustrated User Guide to the World Input–Output Database: The Case of 

Global Automotive Production.” Review of International Economics 23 (3): 

575–605.

Wang, Z., S. Wei, X. Yu, and K. Zhu (2017a). “Characterizing Global Value Chains: 

Production Length and Upstreamness.” 23261. National Bureau of Econom-

ic Research.

Wang, Z., S. Wei, X. Yu, and K. Zhu (2017b). “Measures of Participation in Global 

Value Chains and Global Business Cycles.” National Bureau of Economic 

Research.

World Bank. (2019). World Development Report 2020: Trading for Development in 

the Age of Global Value Chains. World Bank Publications.

Xing, Y., E. Gentile, and D. Dollar (2021). “Global Value Chain Development Report 

2021: Beyond Production.”.

Lൺඅൺඇඇൾ

Rൾඏංඌඍൺ ൽൾ Eർඈඇඈආටൺ ඒ Eඌඍൺൽටඌඍංർൺ | Vඈඅ. LX | N° 1| 2022 | ඉඉ. 11-53 | ISSN 0034-8066 | e-ISSN 2451-7321



VI. Aඉඉൾඇൽංඑ A

A. Measures of participation in value chains: Defi nitions and Algebra

1. Defi nitions

Subpartitions of A used in section II.i:
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2. Algebra

Demonstration of (7), (8), (9) 

Demonstration of (7): 

B = Breg− BregA-reg B

 BregA-regB = Breg(A−Areg)B = (I−Areg)−1(A − Areg) (I − A)−1 

= (I + Areg + Areg2 + Areg3 + ...) (A − Areg) ( I +A + A2 + A3 +...) 

=(A +AregA+ Areg2A +Areg3A+...−Areg −Areg2 −Areg3−Areg4)(I + A +A2 +A3+ ...)

= A+AregA+ Areg2 A+Areg3A+...−Areg −Areg2 −Areg3−Areg4

      +A2+AregA2 +{Areg2A2 + Areg3A2 + ... −AregA−Areg2A−Areg3A−Areg4A

      + A3+AregA3+Areg2A3+Areg3A3+... −AregA2−Areg2A2− Areg3A2 −Areg4A2 

= A+A2+A3+A4+...−Areg−Areg2−Areg3−Areg4+... 

= (I+A+A2+A3+A4+... )− (I+Areg+Areg2+Areg3+Areg4+...)

=B−Breg

Demonstration of (9) 

B = Bext−BextA−ext B

Replacing Bext instead of Breg and A−ext  instead of A−reg  and apllying the same 
logic as above relationship is demostrated. 

Demonstration of (8): 

Breg =L−LAreg-d Breg

Replacing L instead of Breg in Eq (7), Breg  instead of B and Areg-d instead of 
A−reg and apllying the same logic as above relationship is demostrated. 
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Table A1. Accounting segregation of value added according to circulation. 
Forward perspective

Term Name Concept

V̂LYD Pure domestic Value Added
Domestic VA included directly 
in domestically consumed 
fi nal goods

V̂LYR Traditional exports to the region
DVA included directly in fi nal 
goods exported to the region  

V̂LYF Traditional exports to extra-region
DVA included directly in fi nal 
goods exported to extra region  

V̂LAreg−d Breg Y Regional Value Chains

DVA incorporated to the 
production of fi nal goods in 
the region without stages in 
extra-region

V̂LA−reg Bext Y Extra Regional Value Chains

DVA in intermediates exported 
to extra-region for production 
of fi nal goods without stages 
in any country of the region

V̂LA−reg Bext A-ext BY

Mixed Value Chains  

DVA in intermediates inclu-
ded in production of fi nal 
goods where both regional 
and extra-regional countries 
participate

V̂LAreg−d Breg A−reg BY

Source: Own elaboration
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Algebra of Domestic Length of RVC and Regional Length of RVC. 

Note: This Appendix includes only the algebra for RVC (V̂LAreg-dBregY). 
Replacing,

Areg-d by A-reg  and Breg by Bext, the same can be done for EVC. 

V̂LAreg-d Breg Y = V̂(I−Ad)−1Areg-d(I−Areg)−1Y 

=V̂(I+Ad+(Ad)2+(Ad)3+(Ad)4+...)Areg-d(I+Areg+(Areg)2+(Areg)3+(Areg)4+...)Y 

= V̂Areg-dŶ +V̂Ad Areg-d Ŷ +V̂Areg-d Areg Ŷ +V̂Ad Ad Areg-d Ŷ 

    +V̂Ad Areg-d AŶ +V̂Areg-d Areg Areg Ŷ +....

So, total value added in Regional Value Chains can be divided in 
infi nite terms that multiply some domestic stages and some regional sta-
ges. Xd accounts for stages occurring before the cross border (Areg-d) and Xf 
accounts for the cross border and the stages occurring after. Total stages 
are Xd+Xf. Dividing the chains in this way, we can reproduce the logic of 
the original method of counting stages. 

Table B1: Accounting for stages in regional value chains according to place of 
production

Total 
Stages

Value Added
Stages before 

Areg−d

Stages in 
Areg−d and after

Weight 
in Xd

Weight 
in Xi

2 V̂Areg−d Ŷ V̂ Areg−d 1 1

3 V̂Ad Areg−d Ŷ V̂Ad Areg−d 2 1

3 V̂Areg−d Areg Ŷ V̂ Areg−d Areg 1 2

4 V̂Ad Ad Areg−d Ŷ V̂Ad Ad Areg−d 3 1

4 V̂Ad Areg−d AŶ V̂Ad Areg−d Areg 2 2

4 V̂Areg−d Areg Areg Ŷ V̂ Areg−d Areg Areg 1 3

5 V̂Ad  Ad Ad  Areg−d Ŷ V̂Ad Ad Ad Areg−d 4 1

5 V̂Ad Ad Areg−d Areg Ŷ V̂Ad Ad Areg−d Areg 3 2

5 V̂Ad  Areg−d Areg Areg Ŷ V̂Ad Areg−d AregAreg 2 3

5 V̂Areg−d Areg Areg Areg Ŷ V̂ Areg−d AregAreg Areg 1 4

…
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Total Value added in RVC (V̂LAreg-d BŶ ) can be split in the terms of 
second column of table B1:

VYRVC=V̂Areg-d Ŷ +V̂Ad Areg-d Ŷ +V̂Areg-d AŶ +V̂Ad Ad Areg-d Ŷ 

+V̂Ad Areg-d AŶ +V̂Areg-d AAŶ +V̂Ad Ad Ad Areg-d Ŷ +V̂Ad Ad Areg-d AŶ 

+V̂Ad Areg-d AAŶ +V̂Areg-d AAAŶ +... =

=V̂(I+Ad+(Ad)2+...) Areg-d Ŷ +V̂(I+Ad+(Ad )2+...) Areg-d AŶ 

+V̂(I+Ad+(Ad)2+...) Areg-d A2 Ŷ +...

=V̂(I−Ad )−1 Areg-d (I−A)−1 Ŷ =V̂LAreg-d BŶ 

Domestic Length of RVC (XdRVC) account for the stages that occur in 
the economy of reference:

XdRVC=V̂Areg-d Ŷ +V̂Areg-dAregŶ +2V̂AdAreg-dŶ +3V̂AdAdAreg-dŶ 

+2V̂Ad Areg-d Areg Ŷ +V̂Areg-d Areg Areg Ŷ +4V̂AdAdAdAreg-d Ŷ 

+3V̂AdAdAreg-d Areg Ŷ +2V̂Ad Areg-d Areg Areg Ŷ 

+V̂Areg-d Areg Areg Areg Ŷ +...

=V̂Areg-d (I+Areg+Areg Areg+...)Ŷ +2V̂AdAreg-d(I+Areg+AregAreg+...) Ŷ 

+3V̂AdAdAreg-d (I+Areg+AregAreg+...) Ŷ +...

=V̂(I+2Ad+3Ad Ad+...) Areg-d (I+Areg+AregAreg+...) Ŷ =

=V̂(I+Ad+(Ad)2+...) (I−Ad)−1 Areg-d Breg Ŷ =V̂LLAreg-d Breg Ŷ

While international length of RVC (XiRVC) account for the stages that 
happen after the input abandoned the country of reference

XiRVC=V̂Areg-d Ŷ +2V̂Areg-d Areg Ŷ +V̂A^d Areg-d Ŷ +V̂A^d A^d Areg-d Ŷ 

+2V̂Ad Areg-d Areg Ŷ +3V̂Areg-d Areg Areg Ŷ +V̂AdAdAdAreg-d Ŷ 

+2V̂AdAd Areg-d Areg Ŷ +3V̂Ad Areg-d Areg Areg Ŷ 

+4V̂Areg-d Areg Areg Areg Ŷ +...=

=V̂(I+Ad +AdAd +...) Areg-d Ŷ +2V̂(I+Ad+AdAd +...) Areg-d Areg Ŷ 

+3V̂(I+Ad+AdAd +...) Areg-d Areg Areg Ŷ +...

=V̂LAreg-d Breg (I+Areg+(Areg )2+...) Ŷ =V̂LAreg-d Breg Breg Ŷ 
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Total length of RVC chains is  

XdRVC+XiRVC = V̂LLAreg-d  Breg Ŷ +V̂LAreg-d Breg Breg Ŷ 

The average times that value added from sector i of country s invol-
ved in regional value chains is counted as output is:   

(XdRVC+XiRVC)     (V̂LLAreg-d Breg Ŷ +V̂LAreg-dBreg Breg Ŷ)
     (VYGVC)                        (V̂LAreg-d  Breg Ŷ  ).

This method applied to every term of Eq (11) yields the following 
terms. The numerator of total length of chains (V̂BBY) is splitted in the 
subsequent terms of Table B2. 

2.Table B2. Measures of forward perspective of length in value chains

Lൺඅൺඇඇൾ

Name Formula Concept

TOTAL V̂BBY Total forward length of chains

Pure domestic Value Added V̂LLYD Length of pure domestic chains 

Traditional exports to 
region

V̂LLYR Length of domestic chains for 
regional export of fi nal goods

Traditional exports to extra 
region

V̂LLYF

Length of domestic chains for 
extra regional export of fi nal 
goods

Regional Value Chains
V̂LLAreg-d Breg Y Domestic length of RVC

V̂LAreg-d Breg Breg Y Regional length of RVC

Extra Regional Value 
Chains

V̂LLA−reg Bext Y Domestic length of GVC

V̂LA−reg Bext BextY Extra regional length of GVC

Mixed Value Chains  

V̂LLA−reg Bext A−ext BY
Domestic length of mixed chains 
type 1

V̂LA−regBext  Bext A−ext BY
Extra regional length of mixed 
chains type 1

V̂LA−regBextA−ext BBY
Global length of mixed chains 
type 1

V̂LLAreg-d Breg A−reg BY
Domestic length of mixed chains 
type 2

V̂LAreg-d Breg Breg A−reg BY
Regional length of mixed chains 
type 2

V̂LAreg-d  Breg A−reg BBY
Global length of mixed chains 
type 2
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Regional value chains in forward-perspective (fourth term of Eq 12) 
can be divided into single and complex chains according to (C1):

(C1) RVCfw = SRVCfw+CRVCfw = V̂LAreg-d LYD+V̂LAreg-d(Breg Y−LYD)

Note that the fi rst term of Eq. (C1) contains only one term linked to 
international trade (Areg-d) and the rest of the terms are local (V̂, L and YD). 
The second term, that is complex value chains, is calculated as the diff erence 
between total and single. Note that Breg ≥ L and Y ≥ YD, then, once the inter-
mediate is exported from the sourcing country, the complex chains can be the 
result of cross bordering of intermediates or fi nal products. 

The calculus for extra regional value chains is similar but some extra 
notation is required. The fi nal production for domestic use in extra regional 
countries (YDE) is a subpart of YH(see eq 1). Then, YH = YDE +Y*, where Y* is 
the share of the fi nal production of extra regional countries that is exported. 
Both YDE  and Y* are N(G+H)x1 vectors.  L' is defi ned in Eq. 6. 

(C2) EVCfw = SEVCfw+CEVCfw =V̂LA-reg L'YDE +V̂LA−reg (Bext Y−L'Y−DE)

The defi nition of single and complex in the backward perspective is 
analogous and so it will be omitted. 

Borin and Mancini (2019) defi ned the Hummels et. al (2001) classi-
cal indexes of Vertical Share (VS) (for backward participation) and VS1 (for 
forward participation) in an overall formula. They defi ne the GVC participa-
tion ratio used in the 2020 World Development Report (World Bank 2019) 
at a country level as GVCXs= uEs*−DAVAXs*, where last term is defi ned as: 

(C3)  DAVAXs* =∑G
 r≠s

V s Ls Y sr+∑G
 r≠s

V s Ls Asr Lr Y rr                

DAVAX is the value added exported from s to r that is directly ab-
sorbed there, without any further border crossing. The fi rst term is equivalent 
to traditional exports in the Wang et al. (2017a) scheme and the second is 
equivalent to single value chains. Given that these terms are netted from total 
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exports the remaining is GVC participation, it is straightforward to conclude 
that Borin and Mancini's (2019) measure of GVC trade captures the same 
transactions as the WWYZa “Complex GVC trade”. The diff erence between 
Borin and Mancini (2019) and Wang et al. (2017a) Complex CGV ratio parti-
cipation is that whereas the latter measure is based on value added terms, Bo-
rin and Mancini (2019) measure is based on gross export. While the former is 
useful to size the penetration of GVC in economic activity, the latter is used 
to characterize specifi cally international trade. An analysis of both Measures 
of participation is included in the 2021 Report on Global Value Chains (Xing, 
Gentile, and Dollar 2021). 

While in Single Value Chains the value added crosses borders just 
once and is consumed in destination, the attribute of Complex is the multiple 
border crossing. In the forward perspective, it means that value added expor-
ted by country s to country r is then reexported by r as another intermediate 
or fi nal good. This fl ow gives rise to double counting of value added if gross 
exports are used.11 

Eq (C1) and (C2) show the division among single and complex value 
chains. Figure C1 shows the dispersion of the share of complex value chains 
in total in two periods for Latin American countries, according to the kind 
of value chain. Complex accounts for about a third of ERV in both periods. 
While in Central American countries and in Mexico the share of the complex 
in total in ERV decreased in the period, in most South American countries the 
trend was the opposite. In RVC, Complex VC shares a small portion of the 
total, but the magnitude raised about 50% in the period. 

The distinction made between simple and complex is useful for the 
purpose of comparing the measures used in this article with some measures 
commonly used in the literature. Borin and Mancini (2019) set a measure 
of participation in GVC that includes classic Vertical Share (VS) measure 

11.  Double counted value is the diff erence between imported content and genuine foreign value 
included in gross exports of a country. It arises from the fact that foreign intermediates sourced 
from country s can include value from another country and that this value was already counted 
in the relationship among s and their supplier, so the following cross border of this value should 
not be considered as value added (Koopman, Wang, and Wei 2014; Los, Timmer, and de Vries 
2016; Los and Timmer 2020). Double counting is the cause of the gap among Gross Exports and 
Value Added Exports.
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Figure C1. Dispersion of share of Complex Value Chains in Total Value Chain, 
by kind of Chain. 1990 and 2015. Latin American countries

Figure C2. Forward and Backward participation in Global Value Chains in 
Latin America. 2015
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Source: Own elaboration based on EORA
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of backward participation and a new measure for VS1 concept of forward 
participation (Hummels, Ishii, and Yi 2001). 

Figure C2 shows the forward and backward participation in GVC 
indexes according to Borin and Mancini's (2019) methodology. The sum 
of backward and forward participation gives the total participation in value 
chains. Most countries range between 35% and 25% of total participation, and 
backward linkages prevail over forward.12 Chile, Mexico, and Peru are the 
countries with higher participation of GVC in trade. While Mexico is heavily 
backward, Peru is strongly forward, and Chile appears as both Forward and 
Backward. Paraguay appears as the country less integrated into value chains. 

12.  Note that with Borin and Mancini (2019) defi nition Backward and Forward linkages are not sym-
metric concepts. While forward linkages is a value-added concept and thus is net value accounted 
only in the fi rst border crossing, backward linkages includes double counting value. For this 
reason, at an overall level backward linkages are higher than forward. While every forward par-
ticipation is by defi nition backward participation in another relationship, some part of backward 
participation is value already counted as backward in another fl ow. 
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Table D1. Share of activities related to trade by type of activity. In percentages 
of  value added

Source: Own elaboration using EORA
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Figure D1. Average length of chains of Latin American Countries. 
Years 1992/2 and 2014/5.

Figure D2. Evolution of Mexican position in RVC and EVC. 
Share of forward and backward participation on value added. 1990-2015
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Region Countries ISO – Code

North America Canada, Mexico, United States
CAN, MEX, 

USA

Central America
Dominican Republic, Costa Rica, El Sal-
vador, Guatemala, Honduras, Nicaragua, 
Panama

DOM, CRI, SLV, 
GTM, HON, 
NIC, PAN

South America
Argentina, Brazil, Bolivia, Chile, Colom-
bia, Ecuador, Peru, Paraguay, Uruguay, 
Venezuela

ARG, BRA, 
BOL, CHL, 
COL, ECU, 

PER, PAR, URY, 
VEN

European Union and 
EFTA Countries

Austria, Belgium, Bulgaria, Switzerland, 
Czech Rep., Germany, Denmark, Spain, 
Finland, France, United Kingdom, Greece, 
Croatia, Hungary, Ireland, Italy, Lithua-
nia, Luxembourg, Netherlands, Norway, 
Poland, Portugal, Romania, Slovakia, 
Slovenia, Sweden

AUT, BEL, 
BGR, CHE, 
CZE, DEU, 

DNK, ESP, FIN, 
FRA, GBR, 
GRC, HRV, 

HUN, IRL, ITA, 
LTU, LUX, 
NLD, NOR, 

POL, PRT, ROU, 
SVK, SVN, 

SWE

ASEAN + 3
China, Hong Kong SAR, China, Indonesia, 
Japan, Korea Rep., Lao PDR, Malaysia, 
Myanmar

CHN, HKG, 
IDN, JPN, KOR, 

LAO, MYS, 
MMR, NZL, 
PHL, SGP, 

TWN, THA, 
VNM

Rest 44 countries

Dropped because 
of computational 
problems

Azerbaijan, Kazakhstan, Ukraine, 
AZE, KAZ, 

UKR

Dropped by size
78 countries will less than 0,05% of world 
GDP outside LAC

Aඉඉൾඇൽංඑ E: Dൺඍൺ ൺඇൽ උൾංඈඇඌ

Regions considered, and other criteria applied.
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