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Abstract

Against the backdrop of trade liberalization, economies in Latin America have endeavored to capitalize on their
comparative advantages and join global production processes; despite the fact that industrial exports have grown,
however, they have had only a modest impact in terms of boosting the product in Latin American economies. The
objective of this paper is to determine the influence of industrial exports on the product in six Latin American countries,
using the input-output model and the network theory. The hypothesis sets out to prove that out of an economy’s total
transactions, the spillover effects from the industrial sector exports in each country are more diversified the more the
country trades with the United States, even if these effects are weak, due to the low structural articulation in each of them.
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INTRODUCTION

One consequence of trade liberalization in Latin America is intra-industrial trade growth, thanks to foreign direct
investment (FDI), trade agreements (Di Filippo, 1995) and the breadth of the international division of labor (Feenstra,
1998; Hausemann et al., 2014). The Economic Commission for Latin America and the Caribbean (ECLAC) (2013)
asserted that the share of trade as a percentage of gross domestic product (GDP) rose from 28% in 1990 to 40% in 2010.
Nevertheless, this external momentum has not been matched by product growth.

The aim of this paper is to determine the degree to which industrial exports in Argentina, Brazil, Chile, Colombia, Costa
Rica, and Mexico spill over into each country’s respective products, as these nations belong to the Organization for
Economic Cooperation and Development (OECD), and are therefore considered important for Latin America.2 Moreover,
the data available for these countries are compatible for purposes of comparison. The idea is to measure the strength of
industrial trade in the economic product and in each productive sector, isolating out the effect by group of sectors, in an
attempt to elucidate the salience of trade, not in terms of amounts of exports, but rather looking at the role it plays in
generating the product.

The hypothesis to test is that the spillover of industrial sector exports into other sectors in each country is more diversified
the more the country trades with the United States; nevertheless, the impact of these exports on the product is weak due
to scant structural articulation in each of them. There are a series of techniques that can test the above hypothesis. In this
case, the proposal is to use the input-output model (IOM) and its extension with graph theory.

The rest of the document is structured as follows: the first section describes the methodology used, introduces the
fundamentals of productive integration in economic development, the Miyazawa (1971) decomposition, and network
theory; the second analyzes the product and trade in the economies chosen for the time period 1995-2015; the third
offers the results, and, finally, there is a conclusions section.

1. SPILLOVER AND INTEGRATION IN THE INPUT-OUTPUT MODEL (IOM)

In the input-output model (IOM), the economy is a system of interdependent productive sectors in the market with a dual
role, as they are suppliers because, on the one hand, they sell products to different sectors, and at the same time, they
are demanders, because they buy products from others, which they turn into inputs to carry out productive processes;
there is furthermore an indirect relationship between them when the production of inputs requires other inputs (Leontief,
1936). Productive processes are complementary and each one produces a single good with one technological good
(Miller and Blair, 2009). The productive structure is considered to comprise a network of trade relationships among the
sectors.

In the regional IOM, spillover has become one of the most studied factors; this is because when sectors in a certain
location grow, it can stimulate sectors in other regions if they too require inputs produced outside of their own region to
satisfy local demand. In turn, this spillover can spur another effect: feedback, That is to say, when the region buys
external inputs, provoking internal demand for goods consumed as inputs in other zones in order to export to them. Inter-
regional trade can explain growth by either track (Miller and Blair, 2009, p. 81). In the majority of cases, these phenomena
have been studied in regions or in countries (Miller and Blair, 2012).



Spillover and feedback in a sector are higher the more the sector is integrated with the productive structure, namely,
when it enjoys a greater capacity to influence others in economic decision-making. In effect, when activities are
integrated, we are dealing with a developed economic system (Aroche, 1996), in the same way that an underdeveloped
economy is less complete and is weakly articulated (Leontief, 1936): there is therefore a direct relationship between
integration and development. If the productive structure is a network, then its integration indicates that each sector
influences and is influenced by the rest, is an intermediary between one and the next, and has close relationships; it
therefore comprises a complex structure (Hausmann et al., 2014).

One tool to measure integration is graph theory with centrality, which can be applied to both binary and valued graphs
(Beaton et al., 2017; Borgatti and Everett, 2006; Freeman, 1979; Hausmann, et al., 2014; Marquez, 2016). For this study
in particular, non-reciprocal binary graphs were used, measuring three aspects useful to analyzing the spillover of
manufacturing exports into the economic sectors.

1.1 Spillover Based on the Miyazawa Decomposition

The Miyazawa multipliers (197 1) decomposition emerged in an endeavor to demonstrate that services were not playing a
secondary role in the economic system; in other words, their activity was not the consequence of transactions carried out
by the industry in any given economic variable, as is the case of income, whose limitation was to “treat the services sector
as a final good” (Miyazawa, 1971, p. 15). The IOM can analyze the interdependence between the manufacturing and
services sectors in intermediate and final inputs; with this model, the product multipliers are broken down by group of
sectors to reveal their interdependence. Miyazawa analyzed the input-output tables (IOT) for six countries, published
between 1958 and 1960, and concluded that the capacity of manufacturing to induce services is greater than vice versa;
nevertheless, with the assertion that such results would be truer if the tables were homogeneous in their disaggregation
and mercantile values.

The Miyazawa decomposition highlights three effects: 1) the internal effect measuring the monetary units necessary
within a group to cover variations in the product, 2) the inter-sectoral or induced effect, which in turn is broken down into
two more —the internal effect of one group on the goods produced by it and consumed as an input by the others and the
goods produced by another in the propagation of the internal effects of a given group—, and 3) the external effect,
measuring one group’s internal activities impact on the consumption of inputs produced by others within by group (see
Table 1).

The Miyazawa multipliers decomposition (1971) has been extended to income and employment multipliers (Hewings et
al., 2001; Garay et al., 2016), environmental affairs (Fritz et al., 1998; Okuyama, 2004), at the methodological level,
looking at the size of linkages to analyze sectors defined as key (Guilhoto et al., 2005), and even very close to inter-
institutional linkages (Blancas, 2006).

Yet, no paper has yet used the Miyazawa decomposition to analyze the role of industrial exports in economic growth. The
multiplier decomposition, like the regional IOM, concludes that the total effect is composed of the internal, the spillover,
and the feedback. This paper measures the spillover of the export multiplier for the primary, secondary, and tertiary
sector.

2. THE MODEL
As part of the IOM, the gross production value is determined as:
x=(I-AY'f=Lf (1
Where T is the identity matrix, 4 is the matrix of technical coefficients that shows the proportion of inputs with respect to

the level of product in each sector, f is final demand, and [ is the matrix of product multipliers. This definition can be
used to calculate the product generated by exports, as follows:

x, =Ly @

Where Xy is the product resulting from exports and ¥ is the export vector. If ¥ is substituted by a coefficient vector
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Based on that, Table 1 shows the decomposition of [LX}. The induced effects are calculated in two senses: for example,
B, is the spread of the inputs consumed in exporting the manufactured good on the effects of internal production of the



primary good and B, is the spread of the internal production of the primary on the consumption of inputs in exporting the
secondary; these effects measure inter-sectoral feedback in the economy (Garcia et al., 2007, p. 168). The external
effects can be understood as the spillover from one group of sectors to the others; the matrices N, K, and E in the right
column of Table 1 measure such an effect. So, K refers to the spillover of manufacturing sector exports into the primary
group and services production.

Table 1. Decomposition of the Multipliers
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In the IOM qualitative analysis, it is possible to diagnose the degree of integration in the structure, going beyond the
metric indicators available in the IOM (Blancas and Solis, 2005); nevertheless, networks represent a specific effect across
the sectors (Aroche, 1996; Holub et al., 1985). The qualitative analysis transforms the matrix of technical coefficients into
a binary arrangement associated to a graph representing a subset of inter-industrial relationships. Here, the
transformation criterion depends on the coefficients of the share of the sectoral product in the total multipliers effect
(Oosterhaven and Stelder, 2002) and the position of the sectors pursuant to the characteristic A and L values used in the
I0OM to identify the linkages held by the industries, whose results are normalized (Dietzenbacher, 1992), so the dispersion
indices pertaining to the entry values in A3 (Laumas, 1976) are used.

With the above said, the calculation of the degree of complexity of the transformation of A into the binary arrangement is
as follows:

DY =1 '(!‘.‘—1]_1 (3)

Where t is the unit column vector; W is the binary matrix with the main diagonal equal to zero; n is the number of
elements in the structure, and (3) measures the outgoing influences from one sector to the rest.

Closeness is the shortest path from one node to another (geodesic), meaning that the path from point @; to d; is equal to
that from @; to a;; so it is length 2, and the perfect W; reciprocity matrix is a matrix with elements equal to 2 and (’WR},

~

whose elements are @ = iy T dj so 1 Wy =Wgt ', thus, the entries in vector s tend to 1 if they are close. If equal
to 1, the sector demands and supplies reciprocally with the rest; if equal to zero, the sector would be isolated from the
economic structure. The degree of closeness is calculated as:

Wee = (Wt YWor V! @)

Finally, the degree of intermediation is also considered length 2 and is defined as follows:

® = { rint
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Where IT; represents the total number of intermediations that each sector generates and Tz,, is the total number of
intermediations that a sector can have in the entire structure. The maximum degree of each measure is 100%, which
would give the result of a perfectly integrated structure.

3. GROWTH AND EXPORTS

According to the ECLAC (2013), reports on the relationship between growth and exports have gone through three
phases: optimistic, pessimistic, and the current state of affairs, up for debate. For example, in the case of Colombia and
Mexico, the effects of export growth hardly explain the growth in product (Caceres, 2013; Cuadros, 2000); in Brazil and
Mexico, exports have had favorable effects on productivity (De Souza and Garcia, 2015) and the terms of exchange
(Fraga and Moreno, 2015). Growth in world trade has been made possible thanks to technological development, which



has enabled the widespread segmentation of productive processes (Feenstra, 1998). In light of this new division of labor,
economies are joining segments of the productive chains, disintegrating within and integrating abroad (Romero et al.,
2009); nevertheless, such integration depends on the exported volumes and the partners with which a country is trading
(Beaton et al., 2017), as there are actors that are more central in the global trade networks and allow one economy to
interrelate with others.

Setting aside the Caribbean, the ECLAC estimates that Latin America has experienced a product growth rate of 2.9%
between 1995 and 2015 in constant 2010 dollars; in 2015, the continent reached approximately 5.6 trillion dollars, of
which Argentina, Brazil, Chile, Colombia, Costa Rica, and Mexico contributed 84.7% (Brazil and Mexico alone creating
74%).

Table 2 shows the average product growth rate, as well as foreign transactions and the coefficient of correlation between
the product and exports and imports pursuant to ECLAC data for the product and OECD data for trade. The data show
that, except in Chile and Mexico, export growth has not exceeded import growth, and it is only in Costa Rica where the
product/export correlation coefficient is higher than that of product/imports.

Brazil displays a noteworthy average contribution to the continent’s overall product, coming at 43%, with imports growing
more than exports and their correlation to the product similar. It is likely that Brazil has a stable effect of internal and total
spillover of exports to the product.

_th|e 2. hverage Product, Export, and Import Ern!'._rh Rate (%) and Comelation Coeﬁi(ienrs_ 1995-2015

Country Product Export Import Product/Export ~ Producty/Impart
Comelafion Correlation
Mrgenting 26 0.07 0.09 0.57 0.94
Brazil 27 0.08 0.10 0.80 0.84
(hile 43 0.10 0.10 0.56 0.77
(olombia 35 0.08 009 0.45 0.82
(osto Rica 43 0.0% 0.10 0.68 0.55
Mexico 26 0.10 0.09 0.38 0.89

Source: Created by the author with data from ECLAC and the OECD.

Industrial exports have the greatest weight in total exports; for example, in 2015, Brazil exported 35.4 billion dollars of
which 74.6% were industrial. The economies have an average industrial export share of 69.7% of the total. Only
Colombia’s share was low, at 44.2% (15.7 billion dollars). At the sector level, Table 3 shows the breakdown and average
export/import growth.

The industries contributing the most to exports are food products, beverages, and tobacco in the case of Argentina and
Brazil (34% and 19%, respectively). In Chile, the basic metals and metal products, except machinery and equipment
(34.2%); in Colombia, mining and quarry activities (38.2%); and in Costa Rica and Mexico, machinery and equipment
(26.9% and 35.8%, respectively). There is no export industrial activity characterizing the group of six countries;
nevertheless, the most dynamic sector is mining and quarrying in Brazil and Chile (15.6% on average); in Argentina,
wood and byproducts and cork, except furniture (13%); machinery and equipment (33.6%) in Costa Rica; and in
Colombia and Mexico, transportation equipment (27.9% and 12%, respectively).

Of the top five trade partners, the United States is number one, with the exception of Argentina, whose number one trade
partner is Brazil. Thus, the fact that the United States is the most important trade partner for Latin America may be one
reason explaining the successive decreases in the product that the region has suffered (1999, 2001, and 2008).3

Machinery and equipment imports are ranked first in five countries. In Colombia, the chemical products, rubber, plastics,
and fuel products sector (27%) is first; it is the number two importer of the group, and the number one of the group is the
second in Colombia. Nevertheless, in terms of growth, they are not the most dynamic sectors, and there is not even a
pattern of similarity seen in this indicator across the countries as a whole; in fact, imports behave rather heterogeneously
across the sectors. Specifically, Colombia and Mexico have a dynamic import sector in the service sector, electricity
supply, gas, steam, and air conditioning, with growth of 14.3% and 28.4%, respectively; Brazil, Chile, and Costa Rica are
industrial importers with an average growth rate of 14.8%, and in the primary sector, mining and quarrying with 22.2% in
Argentina.

(SEE TABLE 3)

Of the central suppliers, the United States is at the top once again, although it is only the number two supplier to
Argentina, where Brazil comes first. Several suppliers are common across the countries, like Germany, Japan, and China;



however, in Mexico, there are no major amounts of imports coming from Latin America, but the rest of the countries do
have at least one major regional supplier, like Brazil, in the case of Argentina, Chile, and Colombia.

Argentina, Brazil, and Chile enjoy a trade surplus, while Mexico, Costa Rica, and Colombia have a trade deficit. Is it
therefore possible that the spillover from exports is more favorable in those countries that have a trade surplus versus
those with a trade deficit? The answer may be that countries with a higher surplus are able to export more because their
sectors are better integrated into the productive structure, but it has also been pointed out that in world trade networks
(Beaton et al., 2017), Latin America's biggest economies get a leg up by linking up with the central nodes, as is the case
of Mexico, which is indirectly involved in the segmentation of productive processes by way of the United States.

3.1 Results

Using the OECD |OTs from 2011, Table 4 presents the average results of the groups of sectors and the economy and the
product multipliers (J.), the net product multipliers {L,) and the export multipliers (LX], the latter broken down into internal
(Int), meaning those generated within the group, and spillover (Sp), which is what one group of sector spills over into
another, for the total number of economic transactions, all aggregated to one decimal place.

The Table 4 results show that Brazil and Costa Rica are the economies with the highest . (2.21 and 2.15, respectively),
while Mexico and Argentina have the lowest (1.87 and 1.99, respectively). These results show that for every pesos that
final demand changes, the product grows on average of the economies by 2.05 per peso of demand; nevertheless, in the
case of L , the most noteworthy values are seen in the Chile and Mexico economies, with 0.65 and 0.52, respectively;
the lowest, in Brazil and Colombia, with 0.18 and 0.29, respectively; one reason for these results is due to economic
liberalization in these countries.

In countries with a trade surplus, the L;( spillover is notably in the primary sector in Brazil and Argentina. In Chile, the
industrial sector, with an outcome of 0.46, which means that for each unit of currency exported, the manufacturing sector
generates spillovers in that amount over the level of the primary and secondary product. In the trade deficit group of
countries, the biggest spillover is seen in industry in Mexico and Costa Rica (0.36 and 0.25, respectively). Top in the case
of Colombia is the primary sector (0.21).

The results for L, divide the countries into three groups, by the average on the structure. Brazil has the highest L, (0.06);
the second group is Argentina, Chile, Colombia, and Costa Rica (0.05); and, finally Mexico (0.04). One feature of these
results is that the average L, is higher in the primary sector, followed by the services sector, and, finally, the
manufacturing sector. Nevertheless, the Brazilian manufacturing L, is once again the greatest.

At the disaggregated level, the results of the multipliers are given in Table 5. Grosso modo, the highest L are found in the
manufacturing group. In Argentina and Mexico, of note are the L in sector 14, computers, electronic and optical
equipment; in Brazil, sector 16, motor vehicles, trailers, and semi-trailers; in Chile, sector 5, wood and wood and cork
products; in Colombia, sector 17, other transport equipment; in Costa Rica, sector 7, coke, refined oil products, and
nuclear fuel.

In L;(, of note in Argentina is sector 17, other transport equipment; in Brazil and Colombia, sector 2, mining and quarrying;
in Chile, sector 16, motor vehicles, trailers, and semi-trailers; in Costa Rica, sector 11, basic metals; and in Mexico, sector
14, computers, electronic and optical equipment. Precisely, these are the sectors that generate the most spillover. Finally,
the L point to sector 3, food products, beverages, and tobacco in Argentina, Brazil, Colombia, and Costa Rica; and in
Chile and Mexico, sector 21, wholesale and retail trade, repairs.

Table 6 shows the productive sectors that have linkages and spread above the average. The table contains the sector
number and origin by the initials of each country; for example, 2Ch means sector 2, mining and quarrying, Chile. The
results reveal that Chile, Colombia, and Mexico have the most sectors with this characteristic. Primary activities are key in
surplus countries and in Mexico. It is also shown that the sectors with the biggest spillover are key sectors.

(SEE TABLE 4)

(SEE TABLE 5)



Table 6. Key Sectors

1A, 104, 144, 154, 17A: 1B,2B, 58,88,158, 148; 2Ch, 5Ch,Ch, 8Ch, 10Ch,11Ch, 16Ck
20, 4C, 7€, 8C, 10C, 11C, 15C: 3CR, 4CR, 7CR, 11CR: 2M, 9M, TOM, 120150

1. Agriculfure, hunting, forestry, and fishing 5. Wood and products of wood and cork

2. Mining and quarrying b. Pulp, paper, paper products, printing, and publishing
3. Food products, bevernges, and tobaceo 7. Coke, refined petroleum products, ond nuclear fuel
8. Chemicals and chemical products 13. Machinery and equipment, nec

9. Rubber and plastics products 14. Computer, electronic and optical equipment

10. Other non-metallic mineral products 15. Hleciricol machinery and apparatus, nec

11. Busic metals 16. Motor vehicles, ailers, and semi-mailers

12. Fabricated metal products 17. Other ransport equipment

Source: Created hased on the 2011 10Ts, OECD.

In Tables 5 and 6, the centrality of the inter-industrial networks was calculated in each country,4 the results of which are
shown in Table 7; this table reveals that the average complexity of the networks is ordered as follows: Mexico (14.9%),
Brazil (6.5%), Chile (6.2%), Argentina (5.6%), Costa Rica (4.2%), and Colombia (5.1%). Intermediation is the best
indicator of productive integration, as it involves the emission of influence, and direct and indirect relationships between
activities; the results thus confirm the findings of Benavente et al. (1996), the reorientation of the regional productive
structure of industry has been toward natural resources and services. The results corroborate the sector 11, basic metals,
activities display the greatest degree of integration in Argentina, Brazil, Chile, and Colombia; in Costa, Rica, it is sector 1,
agriculture, hunting, forestry, and fishing; and sector 12, fabricated metal products; in Mexico, it is sector 8, chemical
products and chemicals, and sector 14, computers, electronic and optical equipment. In the services group, the sector
with the greatest degree of articulation across all of the countries is branch 21, wholesale and retail trade, repairs.

If in the international trade network countries are articulated around central agents, linking up with them spurs greater
spillover and diversification of the economic structure, which boosts employment and income. The Mexican economy gets
a bigger boost than the rest of the countries, and these benefits are shown; for example, employment has grown (Ruiz
and Ordaz, 2011), but given the level of integration in each of the economic structures, the spillover from export activities
expands into only a few industries, and is articulated around the service sectors, so the results are modest.

4. FINAL CONSIDERATIONS

In the debate surrounding the effects of exports in Latin American economies and the world, this paper has shown that
the amount and role of the export sector only gives a small boost to an economy if the economy has weak productive
integration. The assertion is that dependence on intermediate imports makes economies fragile. This weakness is due to
a lack of structural articulation, which results in requiring lots of imported inputs.

The premise that the more integration an economy has the better developed it is is appropriate; nevertheless, the
techniques may be challenged. The multipliers criterion for key sectors means that the farther away the average effect of
these sectors from the average of the effects of the structure, the greater the degree of integration an economy
experiences. This diagnostic methodology, in the cases studied, showed that the spillover of industrial exports is
articulated around inter-industrial networks of the natural resources and services activities.

Specifically, in the spillovers of trade in Argentina, Brazil, Chile, and Colombia, activities pertaining to the basic metals
have benefited the most from export activities; in Costa Rica, fabricated metal products, and in Mexico, chemicals,
computers, and electronic and optical equipment.

The structural transformation of Latin American industry toward the services sector has been a turn toward articulating
productive processes, fundamentally wholesale and retail trade, and repairs. Latin America requires another structural
transformation, from using imported intermediate inputs to national inputs, placing emphasis on the suppliers of those
articulating and key sectors in the economic system. This would have to be one of the pillars of industrial policy, as well
as an attempt to pursue the idea that the greater the productive integration, the better the development level.

(SEE TABLE 7)
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