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Telecommunications, productivity and regional dependence: a comparative analysis between the 

Brazil, China and main developed regions in the post-reform period 

 

Abstract 

In the last two decades, new technologies and the rapid growth of the telecommunications sector have 

changed production and trade relations in world economic systems. Regional dependence on the level of 

productivity, supply and demand of telecommunications has increased worldwide. Our study analyzes the 

changes in total factor productivity (TFP) of telecommunications and verifies its global and regional 

importance between 2000 and 2014. We apply the TFP decomposition and extraction technique in an 

input−output model. The main findings suggest improved efficiency has resulted in TFP gains in developed 

countries, whose variations were lower than those of Brazilian telecommunications, which exhibit a low 

capital−labor ratio. Moreover, global and regional dependence is more sensitive to supply than the demand 

for telecommunications. Although the main effects on the regional output are intraregional, the backward 

and forward effects denote a heavy regional reliance on US telecommunications and reciprocity between 

China and European countries. The increase in telecommunications influenced by national policies in 

countries with little emphasis on regional composition should generate minor marginal gains in PTF, even 

with the gain in productive efficiency. These policies are also expected to reduce the dependence on American 

and Chinese telecommunications. 

 

Keywords: Telecommunications; productivity; regional dependency; input-output model. 

JEL code: D24, D57, F60, L96, P40. 

 

1 Background 

The 1990s were marked by changes in the telecommunications sector, expanding, decentralizing and 

regionally spreading the offer of this type of service in the world. Trade liberalization measures, 

privatization policies and technological changes in the sector were the main factors influencing the rapid 

expansion of telecommunications, which consequently changed the structure of global trade and 

production (Inklaar and Timmer 2007; Lam and Shiu 2010; Los et al. 2015; Silva and Perobelli 2018). 

New technologies with satellite development, fiber optics, digital electronic circuits, mobile technology 

and the Internet have enabled, facilitated and expanded communication and information exchange. These 

technological advances thus narrowed time horizons and increased the spatial coverage of public and 
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private decision-making, favoring the global fragmentation of productive processes1 and the commercial 

and productive integration of world economies (Athreye and Cantwell 2007; Krammer 2014). A mutual 

relationship emerges, that is, while telecommunications services with their new technologies intensify 

productive fragmentation around the world, they are also shaped by increasing productive globalization 

and expanding international trade.  

In this new world order with a fast rhythm of change, fluctuations in the levels of primary factor 

productivity and productive efficiency in telecommunications activity began to influence the relative 

competitive trends of the economic regions in the international trade. Since the 1990s, the spread of 

mobile telecommunications services has improved the sector’s efficiency and productivity, and has also 

attracted private investment (domestic and foreign investment) to the telecommunications sector 

(Vijselaar and Albers 2004; Ida and Kuroda 2009). The development of mobile telecommunications has 

become an important driving force of global economic growth in recent years (Lam and Shiu 2010; 

Chakraborty and Nandi 2011). In a contemporary period, the 5.0 or 4.0 technologies digital have adapted 

to the needs of manufacturing industries (a new industrial stage), offering patterns such as smart 

manufacturing, smart products, smart supply chain and smart working, internet of things, cloud services, 

big data and analytics (Frank et al. 2019). For these reasons, developed and developing countries have 

been directing policy instruments that can promote the expansion and modernization of 

telecommunications in the national territory (Dvornik and Sabolić 2007; Pradhan et al. 2017). The world 

began to see information taking place in a similar way to energy as an important input in the face of the 

advances and diffusion of microelectronics and telecommunications technologies (Werthein 2000).   

In general, post-reform telecommunications growth in many countries2 may have changed the 

regional composition of the global supply of this type of service, but there are doubts about variations in 

their sectorial productivity. The results of empirical studies, although they may capture the relationship 

between telecommunications and economic growth (Gruber, 2001; Inklaar & Timmer, 2007; Lam & 

Shiu, 2010; Nadiri et al., 2018), and the reforms’ effects on sector productivity in many countries 

(Vijselaar and Albers 2004; Inklaar and Timmer 2007), do not point to the reasons why variations in 

telecommunications productivity occur within certain world economic systems, especially in terms of 

productive efficiency and primary factor productivity in recent years. After the reform period, some 

studies seek to measure fluctuations in the sector’s total factor productivity (TFP) for several countries 

using a partial equilibrium approach (Resende 2008; Kang 2009). However, analysis of these applied 

research do not take into account the domestic and imported input purchasing relationships in the sector 

                                                 

1 Originating the concept of global value chains (GVCs), a productive system organized in sequential steps (Los et al. 2015). 
2 Global movement after 1998, a period of major reforms in the sector (new technologies, market openings and privatization).  
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cost structure in an interdependent system of world regions, which are asymmetric and changeable over 

the years with different stages of development.  

Moreover, theses applied studies do not point to the relative importance of telecommunications in the 

productions of world economies, especially when it is exploited through the direct and indirect channels 

of international production and trade links established in economic systems. In other words, little is 

known of the global and regional dependence on the supply and demand of telecommunications activity 

in an increasingly globalized world integrated with changing patterns of trade and production. It is 

expected that with the growth of telecommunications and changes in its regional composition of supply in 

the world, in addition to changes in production structures and international trade, this dependence on the 

sector has changed and, in some cases, become more or less intensive. This paper fills these two central 

gaps, i.e., the study conducts a comparative analysis on telecommunications TFP and verifies the relative 

importance of the sector in the world and in Brazil, China, and main developed economies. To 

accomplish this task, we use TFP decomposition and hypothetical extraction techniques from 

interregional input−output matrices, available annually between 2000 and 2014, including the post-reform 

sector period. The analyses are performed for the eight largest telecommunications-producing economies.  

In addition to this introductory section, this article is organized into five further sections. The second 

section briefly reviews previous research on telecommunications and economy. The third section 

describes the empirical strategy, divided into two steps, sequentially addressing the two techniques of the 

input−output model. The fourth section discusses the results of TFP decomposition in world 

telecommunications and the relative importance of the sector considering differentiated production and 

trade patterns. Finally, the fifth section presents the final remarks, highlighting the main conclusive 

results. 

 

2 Telecommunications and world economies – review of approaches 

The literature on the relationship between telecommunications and the economy is broad, and the 

approach is mainly subdivided into assessments of infrastructure investments, productivity, and economic 

effects in a particular country or group of world regions. To this end, studies generally use econometric 

models, data envelopment analysis (DEA) and input-output models, which recognize the direct and 

indirect channels of production and consumption links established in the economic system. In the 

econometric approach, some applied research commonly compares telecommunications between 

countries from the investment perspective – e.g. Aschauer (1989) and Cronin, Colleran, Herbert, and 

Lewitzky. (1993) – or through phone density data − fixed and mobile − and broadband connection − fixed 

and mobile , e.g. Sridhar and Sridhar (2009). Chakraborty and Nandi (2011) verified the impact of 

telecommunications infrastructure investments on 93 developing countries in Asia, Europe, Africa and 
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Latin America from 1985 to 2007. The authors’ research also indicated the bidirectional relationship 

between telecommunications growth and economic growth. However, the less developed the economy, 

the greater the effect. Using sector data for US and European Union (EU) industries from 1980−2000, 

Dimelis and Papaioannou (2011) evaluated the impact of the growth of the information and 

communication technologies (ICT). The authors' results vary depending on the period, the region, as well 

as the type of industry considered. The ICT effect for the EU was strong in the early 90s and weakened 

afterwards, as opposed to the US where it strengthened in the late 90s. However, it seems that the 

productivity effects of ICT are mainly present in the industries which are either ICT producers or heavy.. 

Latif et al. (2018) explored the dynamic relationship between ICT, foreign direct investment (FDI) and 

economic growth incorporating trade and globalization for the BRICS3 economies in the 2000−2014 

period. Findings indicated that ICT, FDI and globalization positively contribute to economic growth. 

There is a bi-directional causality between GDP and FDI, globalization and economic growth, and trade 

and economic growth.  

Other studies sought to assess the importance of telecommunications on the productivity level of 

different countries, especially after the growth of mobile telecommunications. Lam and Shiu (2010), for 

instance, evaluated the telecommunications industry scenario in more than 100 countries in all regions of 

the world after 1998, a period of major sector reforms (new technologies, market openings and 

privatization). The results indicated the presence of a bi-directional relationship between real GDP growth 

and telecommunications sector development (measured by the density of fixed and mobile subscribers per 

100 inhabitants) in European and high-income countries. They also concluded that in countries where the 

sector operated in full competition and was privatized, they tended to have higher TFPs. More 

specifically, Niebel (2018) analyzed the effects of ICT productivity on the economic growth of 

developing, emerging and developed countries. His regressions do not reveal statistically significant 

differences in the output elasticity of ICT between these three groups of countries and concluded that 

developing and emerging countries are not gaining more from investments in ICT than developed 

economies, calling into question the argument that these countries are ‘leapfrogging’ through ICT.  

With a DEA approach, Tsai et al. (2006) compiled diverse efficiency measures to characterize the 

productivity efficiency ranked leading global telecom operators and showed that Asia-Pacific telecom 

operators have better productivity efficiency than those in Europe and America but the differences are not 

significant. It has been concluded that competition in the global telecom market will continue to be tied to 

the enhanced productivity efficiency. In this same approach category, Lien and Peng (2001) examined the 

production efficiency of telecommunications in 24 OECD countries during the 1992-1995 period and 

                                                 

3 BRIC is an acronym used to represent four countries that have similar economic development, that is, Brazil, Russia, India, 
and China. 
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concluded that competition in telecommunications tends to be associated with enhanced production 

efficiency. In turn, Lam and Shiu (2008) analyzed the productivity performance of China's 

telecommunications sector and concluded that labor redundancy and excess capacity of long-distance 

optical cable lines are major problems in China's telecommunications sector.  

Some applied research has been using input-output models to assess the relative importance of the 

telecommunications sector through the use of coefficient analyses or structural changes in the sector over 

a selected period for a set of countries. Rohman (2013), for example, analyzed the importance of ICT 

sectors for economic performance in European economies, comparing such performance at two time 

intervals (2000−2005; 1995−2000). Similarly, Rohman and Bohlin (2014) evaluated the role of 

telecommunications in Indonesia between 1975 and 2008 by comparing structural changes in the 

telecommunications sector between pre- and post-cellular times. Hong, Byun, and Kim (2016) applied a 

structural input-output decomposition to analyze ICT activity in South Korea between 1995 and 2009 in 

terms of structural changes and sector growth factors. Inklaar and Timmer (2007) conducted an 

exploratory analysis of sectorial measures to compare sectorial productivity across seven high-income 

economies, highlighting changes in the ICT sector. Their results indicated that productivity levels were 

relatively similar in European and Anglo-Saxon countries, but there were differences in production 

structures.  

In general, the empirical results from different approaches point to an increasing role of the 

telecommunications sector in economic growth and in developed and developing countries, albeit in a 

different way and with varying degrees. Especially the effects in developing countries are still 

unidirectional so that only expansions in telecommunications have positive effects on average income, 

but the reciprocal is still doubtful. In addition, there is no consensus in the literature between productivity 

gains and the expansion of the offer of telecommunications services between world regions. Our paper 

contributes in this direction by providing a comparative analysis between Brazil, China and the main 

developed regions. These two developing economies may have taken advantage of countries with lagging 

technology. Moreover, unlike the study of Inklaar and Timmer (2007), our paper evaluates and compares 

the variation in the efficiency and productivity of primary factors in telecommunications in interregional 

economic systems. Unlike Lam and Shiu (2010), our paper is more comprehensive and identifies the 

factors that promoted TFP variations from the telecommunications production process itself. The results 

achieved may highlight the structural differences between the world regions, both coming from and 

transmitted from the domestic and external markets. Thus, our conclusive results may complement the 

findings of Lam and Shiu (2010) and Chakraborty and Nandi (2011), by pointing out whether the 

expansion of the telecommunications services supply would be associated with TFP gains and whether 

the effects would be relatively greater in developing countries. 
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3 Methodological Strategy and Database 

The analysis of the telecommunications sector’s role in the major world economies proceeds in two 

successive steps. In the first one, the TFP decomposition technique is applied in the telecommunications 

sector of the economic regions. Then, the hypothetical extraction technique is used in an interregional 

input−output approach. This methodological articulation allows for a more detailed analysis of the 

efficiency of the sector over the years, as well as its relative importance in the world and in the main 

world economies considering its production and trade structures. 

3.1 Total factor productivity (TFP) 

Total factor productivity (TFP) is defined as the total output growth not attributed to increased 

inputs. According to the method of Miller and Blair (2009), one can define the output )( jx  as:  
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                             (1) 

in which ija  is the technical coefficient of production such that, jij xa  denotes the use of the input i  in the 

production of sector j ; and jv  represents the coefficient of value added. Differentiating the equation (1): 
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Thus, the growth rate of TFP, j , is now defined by the variation of the sector’s production in the 

period, i.e.: 
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If the value is negative for j , there is a decline in productivity. Moreover, from equations (2) and (3) 

it is possible to express them in finite difference form for two sequential periods., 1,0t , such that 
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Therefore, the finite difference form of equation (3) becomes: 
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or in matrix terms: 
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in which ][ ijaA  is the technological coefficients matrix, ][ jvv is a vector of structural coefficients of 

value added and i  is a column vector of ones. The relative productivity change rate for an initial product 

is broken down into two parts: one of efficiency, )(  Ai , and another of the production factors, v . Thus, 

it becomes possible to distinguish the part of the product change attributed to the efficiency gains by the 

use of intermediate inputs (technological) and the part that can be assigned to the production factors. 

 

3.2 Hypothetical extraction 

The hypothetical extraction approach aims to assess the relative importance of a sector or region in 

the production of the economy (Miller and Blair 2009). In our case, the objective is to verify the effects 

on output from the telecommunications sector’s extraction of the regions considered. As an interregional 

input−output model is used, the sector was extracted in each region one at a time. Such strategy allows 

not only the effect on the output of the economic system when the sector of a specific region is removed 

to be obtained, but also the effect on the output of the same region that had the sector extracted and on the 

output of the other regions separately. This method provides indications about the economy’s relative 

dependence structure on purchases (demand) and sales (supply) (Miller & Lahr 2001). Our method 

description was made considering the interregional input−output approach, differing from the procedures 

presented by Dietzenbacher, van der Linden, and Steenge (1993) and Perobelli, Haddad, and Domingues 

(2009) about the regional extraction method. Thus, if we assume an economy with two regions, L and M, 

and n sectors in each region, the input−output model can be represented as:4 

fZx                                      (7) 

in which ][' ML xxx   is the vector of sectorial output; ][' ML fff   corresponds to the final demand 

matrix;5 both matrices partitioned by regions L and M; and 









MMML

LMLL

ZZ

ZZ
Z  refers to the intermediate 

consumption matrix so that the sub-matrices 
LMZ and MLZ  represent the interregional flows, the sub-

matrices LLZ and MMZ  represent the intraregional flows.  

The technological coefficient matrix is defined by
1)ˆ(  xZA , in which x̂  is the diagonalized output 

vector. Thus, we can rewrite the equation (7) as: 

                                                 

4 We can also consider that L is a region and M the rest of the economy. 
5 For more details, see Miller and Blair (2009). 
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  fxAI 
                                      (8) 

so that I  is the identity matrix. Thus, solving equation (8), we have: 

Bfx 
                                    (9) 

in which   1 AIB  is the Leontief inverse matrix. Assuming that 0f  M  and 0f  L , we reached, 

respectively: 

  LMLMMLMLLL fABAAIx
1

                             (10) 

  MLMLLMLMMM fABAAIx
1

                             (11) 

where   1
 MMMM AIB

 
and   1

 LLLL AIB .
 
 

The traditional approach of the extraction method presupposes the suppression of a sector or region 

from the input−output framework. Alternatively to the system transformation to recognize one less sector 

or region in the system, it is possible to compute zero values in the intermediate input flows. We adopted 

this strategy, which has the advantage of maintaining the original size of the system in terms of number of 

sectors and regions. It facilitates the zero-computation of the telecommunications sector’s intermediate 

input flow separately for each region.  

The extraction of a particular sector j (column) of region L, for instance, means nullify the 

corresponding value for the whole 
L

ijz
*

in the system (7) (i.e. they can simply be replaced by zeros). With 

this extraction, we can calculate the new matrix A , called A , and the new matrix B , defined as B . Thus, 

the matrix form in (9) is redefined as:  

  fxAI                                            (12) 

By extracting sector j from in each region only, the original matrix A is altered due to the change in 

sub-matrices LLA  and MLA . In these sub-matrices, the column for sector j is null. In (10) and (11), the 

output vector of region L considers the structure of both sub-matrices and the output vector of region M 

considers the structure of the second sub-matrix. Therefore, even if extraction occurred in one sector in 

one region, output from the other region is affected. In this way, the new output vector of the “reduced 

economy”, x , is: 

fBx 
                                    (13) 

In which   1
 AIB . The output of each region is defined, respectively, by: 

  LMLMMLMLLL fABAAIx
1

                              (14) 

  MLMLLMLMMM fABAAIx
1

                                         (15) 
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Therefore, the difference between 𝐱 and �̅� provides the extraction effect of sector j in region L that is, 

LL xx   would measure j’s importance to the remaining sectors in the L economy, for example. The 

difference between MM xx   represents the effect on output of the rest of the economy due to the 

extraction of one of the sectors of the other region of the economy. In general, this analysis refers to the 

backward effects on the economic system of sector j.  

The other analysis that can be done is to exclude sales of a given input to the other sectors of the 

region itself and of the rest of the economy. In this case, the assessment would be on the effects of a 

change in the input supply structure i of a region, whose analysis indicates the forward effects (supply). 

To do so, the allocation matrix is initially defined, ZxQ 1)ˆ(  , where the matrixQ  also has interregional 

and intraregional coefficients, as in matrix A . Consequently, one has that the output vector is defined as: 

''' vQxx 
                                                 (16) 

in which 'v  is the row vector of primary inputs. Solving the above equation: 

Gvx ''
                                                   (17) 

such that   1 QIG  is the Gosh inverse matrix. 

Equations (16) to (17) are analogous to the interregional input-output approach presented above, 

however they represent the input-output model from the supply perspective, as opposed to the previous 

one based on demand. With the extraction of sales of sector j in each region, the new economy output 

vector, 'x , is: 

Gvx ''
                                                    (18) 

The forward effect on output is given by the difference )'( xx  , such that )'( LL xx   represents the 

forward effect on output of the same region in which one of its sectors was extracted and )'( MM xx   

corresponds to the forward effect on output of the rest of the economy due to the extraction of one sector 

from the other region of the economy. 

 

3.3 Database 

To apply the TFP hypothetical extraction and decomposition techniques, input−output matrices were 

used at current prices and at the previous year’s prices from the World Input–Output Database – WIOD 

(Dietzenbacher Los, Stehrer, Timmer, & de Vries, 2013). There are two versions of time series on WIOD. 

One was launched in 2013 and provides data from 1995 to 2009, but recognizes only the communications 

sector and therefore does not discriminate against telecommunications from other activities in this sector. 

However, the tables available in the version released in 2016, which are already in the new reference of 
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the System of National Accounts 2008, cover the period between 2001 and 2014 and explicitly recognize 

the telecommunications sector and are therefore more appropriate for the scope of our study. According 

to Arto and Dietzenbacher (2014), WIOD data at constant prices from the previous year are adequate and 

necessary to measure technology changes year by year. For this reason, the WIOD database was chosen 

instead of global multi-regional input-output (MRIO), which does not provide tables from the previous 

year’s price, as indicated by Hoekstra, Michel, and Suh (2016). 

Originally, data from the 2016 WIOD version were available for 43 countries and the rest of the 

world, and the sectoral structure consists of 56 economic activities. However, for the purpose of our 

research, they have been scaled to 16 economic activities to facilitate analysis and provide a more general 

view of the results. In addition, we selected Germany (DEU), Brazil (BRA), China (CHN), France (FRA), 

Great Britain (GBR), United States (USA), Japan (JPN), and Rest of the World (RoW) − a regional 

aggregation of the other international regions recognized in the WIOD. The selection criterion took into 

account the eight largest telecommunications-producing economies. These countries are also the largest 

economies in the world, but each has specific sectoral characteristics, distinct interregional 

interdependencies, as well as territoriality, which differently influence interactions with the 

telecommunications sector.  

To assist with the comparative analysis in the following section, Figure 1 illustrates the 

representativeness and growth of telecommunications production in the world (panel a), as well as the 

regional composition of telecommunications services over selected periods (panel b). Between 2000 and 

2014, telecommunications output in the world grew by an average of 4.7% per year and almost doubled 

between 2000 and 2014. This expressive growth is due to the global movement after 1998, a period of 

major reforms in the sector (new technologies, market openings and privatization)6, as well as the spread 

of mobile telephony in the 2000s, making it one of the most widely used services in the world (Heber and 

Fischer 1997). By the end of 2016, the industry linked seven billion people − 95% of the world’s 

population − to the mobile phone network (World Bank 2016; World Bank Group 2016). 

Nevertheless, the growth of telecommunication services has been greater than the expansion of world 

supply of other productive sectors over the years, thus registering an upward trajectory of sectoral 

participation in global production. Between 2000 and 2014, the share of the offer of this type of service 

increased by approximately 0.43%, i.e., from 1.9% to 2.3% in the period. The relative share of the seven 

most telecommunication-providing countries in the world was almost stable over the same period, which 

seems to indicate that the largest representation of telecommunications in world production was due to the 

expansion of these services in other countries of the world (Rest of the World). This statement can be well 

                                                 

6 By the end of 1998, the proportion of privatized telecommunications companies had risen to 42% in 167 countries. As a 
result, competition in the supply and quality of services has grown, and the state is only responsible for regulating this sector, 
mediating the interests of investors and users (Li and Xu 2002). 
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evaluated when analyzing the regional composition of telecommunications production in the world 

(Figure 1b). In this regional composition, China (CHN), France (FRA) and Rest of the World (RoW) 

gained relative participation. The Chinese share, for example, expanded by 4.3% between 2000 and 2014, 

making it the seventh to fourth largest telecommunications provider in the world (Figure 1c). On average, 

Chinese telecommunications grew 12.7% per year. This significant result was due to movements that 

changed the configurations of the Chinese telecommunications market, beyond the investments made in 

the 1990s (Yu et al. 2008; Chakraborty and Nandi 2011).  

 

Figure 1 – Telecommunications’ output in the world between 2000 and 2014 

Panel a: Telecommunications growth and share 

 

 

 

Panel b: Share (%) and regional expansion 

      
Regions 2000 2005 2010 2014 

Annual Growth 

Rate (%) 

BRA 1.9 1.6 1.7 1.4 2.8 

CHN 2.4 6.1 5.4 6.7 12.7 

DEU 4.3 4.5 4.6 3.9 4.0 

FRA 3.2 3.4 3.6 4.1 6.5 

GBR 4.5 5.3 5.5 4.4 4.5 

JPN 13.4 11.4 9.6 9.7 2.3 

USA 40.9 31.6 30.0 31.3 2.7 

RoW 29.3 36.2 39.4 38.4 6.7 

Total 100.0 100.0 100.0 100.0 4.7 

Panel c: Regional ranking 

 

Source: WIOD. 

BRA: Brazil; CHN: China; DEU: Germany; FRA: France; GBR: Great Britain; JPN: Japan; USA: United States; RoW: 

Rest of the World. 

 

Over the past two decades, China has introduced a number of policies to reform the sector, including 

the creation of new competitors, privatization and organizational restructuring. However, the country’s 

entry into the World Trade Organization (WTO) in 2001 enabled foreign investment in the operation of 
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telecommunications services, which represented a significant step for the future development and reform 

of the sector (Lam & Shiu, 2008). In 2017, China remained one of the world’s leading 

telecommunications markets, serving around 201 million fixed-line customers and 1.35 billion mobile 

lines (MII − Ministry of Industry and Information Technology of the People’s Republic of China, 2017). 

Then, China has become a significant role within the ICT segment in that it has become a major supplier 

and a fast growing market in the world (Yu et al. 2008).  

Throughout the period, Brazil (BRA) remained in eighth position with annual average growth of 

2.8%. The privatization policy and the resulting private investments made between the 1990s and 2000s 

justify this expansion (Chakraborty and Nandi 2011). In 2004, telecommunications had a total of 111.8 

million subscriptions in all their services − telephony (fixed and mobile), Internet (fixed and mobile) and 

pay TV − a number that grew by 232%, reaching 372 million subscriptions in 2014. There was also a 

significant expansion in the number of telecommunications service providers. In 2004 there were 293 

companies providing fixed broadband services and 39 authorizations to provide telephone services in 

Brazil. In 2014, these numbers went to 4,879 broadband companies and 198 authorizations (Teleco 2014). 

The Japanese economy (JPN) and the US economy (USA), on the other hand, suffered the most losses 

from regional participation, i.e., a negative variation of 3.7% and 9.7% between 2000 and 2014, 

respectively. Telecommunications growth in these two developed countries has not followed the 

industry’s global pace, especially those observed in China, France and other countries (RoW).  

Thus, there is the confirmation of a movement of regional decentralization of telecommunications’ 

supply in the world. This decentralization is a reflection of the sector’s own global restructuring 

movement encouraged by the advances and diffusion of microelectronics and information technologies 

(Werthein 2000; Freeman 2001), developing and developing countries have been directing their 

investment policies towards expansion and modernization (Dimelis and Papaioannou 2011; Pradhan et al. 

2017). New wireless technologies, for example, were able to bring more affordable infrastructure and 

services away from major producing centers, spreading services around the world. However, there is still 

a need to assess whether regional telecommunications expansions are due to or replicate primary factor 

productivity and sector efficiency gains over the period. Some countries’ growth in global 

telecommunications supply may have occurred even with the loss or gain of total factor productivity. 

Thus, the next section provides empirical answers to this point by breaking down the TFP of 

telecommunications in each economy and assessing the relative importance of the sector in the production 

system itself. 
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4 Results 

For an in-depth analysis of the results, we calculate the cumulative percentage change in 

telecommunications TFP by region between 2000 and 2014. Then, the contribution of each component to 

the observed TFP result was identified. According to equation (6), TFP )(τ  is the sum of two 

components: i) efficiency variations )( Ai  , which corresponds to the change in the technical 

relationship by intermediate inputs; and ii) change in value added )( v , which represents gains or losses 

in the technical relationship by production factors. Thus, efficiency or productivity gains of production 

factors (value added) indicate lower expenditure for these two components in the telecommunications 

cost structure per unit of output. Conversely, when telecommunications activity shows losses in these two 

components, then production costs increased to offer the same product/service unit. Table 1 reports the 

main results for the telecommunications decomposed between these two aforementioned components. 

The change in the TFP of telecommunications activity is compared with the variation of the 

corresponding economy TFP (TFPtotal), which allows us to verify whether changes in telecommunications 

productivity followed the national trend (baseline) in the period. 

 

Table 1 – Cumulative variation (%) and contribution related to telecommunications TFP 

Region 
2000–2005   2000–2010   2000–2014 

i'∆A ∆v TFP TFPtotal 
 

i'∆A ∆v TFP TFPtotal 
 

i'∆A ∆v TFP TFPtotal 

Brazil (BRA) 0.64 0.13 0.77 -0.54 
 

2.10 -0.25 1.85 -1.54 
 

-2.94 4.85 1.91 -0.29 

China (CHN) -29.59 30.00 0.41 0.42 
 

6.12 -6.23 -0.11 0.46 
 

6.07 -6.23 -0.16 0.37 

Germany (DEU) -15.96 16.11 0.15 0.01 
 

-12.17 12.43 0.25 0.26 
 

-4.72 4.97 0.24 0.19 

France (FRA) 6.33 -6.34 0.00 0.04 
 

3.96 -4.36 -0.41 0.32 
 

7.65 -7.47 0.18 0.56 

Great Britain (GBR) -3.79 3.72 -0.08 -0.07 
 

-8.20 4.98 -3.23 -0.43 
 

-8.14 4.71 -3.44 -0.33 

Japan (JPN) 5.45 -5.43 0.02 0.04 
 

18.30 -18.28 0.01 0.22 
 

18.44 -18.41 0.03 0.45 

United States (USA) 8.86 -8.84 0.02 0.07 
 

11.14 -11.07 0.07 0.05 
 

8.56 -8.35 0.21 0.06 

Rest of the World (RoW) 1.20 -1.43 -0.22 0.00   7.53 -8.32 -0.79 -0.28   9.66 -10.42 -0.76 -0.24 

Source: Research results. 
              

Note: "TFPtotal" is the change in the overall economy's TFP. 
        

 

Despite the great increase in Chinese telecommunications worldwide, with an average annual 

growth of 12.7% in service supply, total factor productivity (TFP) shrank marginally by 0.16% between 

2000 and 2014. By 2005, gains with factor productivity )( v  more than compensated for the loss of 

sectorial productive efficiency )( Ai  , generating TFP growth (0.41%), whose expansion is very close to 
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the Chinese economy average (0.42%). After this period, Chinese telecommunications began to present 

efficiency gains, but not enough to overcome the losses in the technical relation of production factors

)( v . This Chinese outlook follows the world trend, that is, in the first five years the telecommunications 

sector showed, on average, a positive TFP, but this upward trend is reversed in subsequent periods. 

However, while Chinese telecommunications witnessed productivity losses between 2005 and 2014, the 

Chinese productive system experienced productivity gains, that is, the sectorial result moved against the 

trend of the Chinese economy.   

Moreover, the deconcentration of telecommunications activity in the Rest of the World, 

characterized by an annual increase of 6.7% in the provision of this type of services, was associated with 

an efficient use of intermediate inputs in the production process )( Ai  . At the same time, there were 

losses in the productivity of the production factors )( v , This resulted in a negative TFP over the period 

(2000−2014). It is concluded that the participation gains of these two regions (CHN and RoW) in the 

composition of the world telecommunications production are associated with losses of TFPs between 

2000 and 2014, even modest ones. In contrast, with an average annual expansion of 6.5%, French 

telecommunications were the only ones that simultaneously exhibited marginal gains in global 

participation and TFP. Throughout the period, productive efficiency )( Ai   in the French 

telecommunications sector was the component responsible for achieving positive TFPs. 

When comparing the world regions, the telecommunications sector in Brazil was the one that 

achieved the largest TFP gains. This result is mainly justified by the productivity of the production factors 

)( v , because from 2010 the productive efficiency was negative )( Ai  . Thus, in Brazil, it is observed 

that the privatization and investment policy not only expanded the telecommunications supply, but 

allowed this sector activity to achieve productivity gains (TFP), representing a counter trend of the 

Brazilian economy itself, which, throughout the period experienced a negative variation in national TFP. 

In this variant, it seems that the privatization of the sector, which took place in the late 1990s, whose post-

privatization scenario required high investments, modernization and efficiency of operations, achieved its 

goal. Between 2004 and 2014, for example, investments grew by 121%, from R $14.3 billion to R $31.7 

billion (Teleco 2014). The results observed for Brazil are in accordance with the conclusions of Lam and 

Shiu (2010) and Chakraborty and Nandi (2011), which together point out that less developed economies 

where the telecommunications sector is privatized and operating in full competition tend to have greater 

effects on economic and TFP growth.  

As in Brazil, Germany’'s telecommunications showed productivity gains in all analyzed years. 

These positive TFP variations exhibited an upward trajectory and were above the national benchmark 

(TFPtotal), resulting from productivity gains of primary factors )( v , as the German telecommunications 
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sector experienced losses in productive efficiency )( Ai  between 2000 and 2014. To sum up, the 

telecommunications activity in Germany showed a lower growth rate (4.0% per year) compared to some 

of the major producing regions in the world, losing a position in the regional composition. In comparative 

terms, the positive variation observed for the sector in Germany is only lower than the Brazilian one. 

However, unlike the German economy, telecommunications in Britain have registered expansions of 

primary factor productivity )( v , although insufficient in the face of losses in productive efficiency 

)( Ai  .  

In the United States and Japan, telecommunications, with annual average growth of 2.3 and 2.7%, 

respectively, showed technical efficiency regarding the use of intermediate inputs in the production 

process )( Ai  , overcoming productivity losses of primary factors )( v . Consequently, the TFP of this 

sectoral activity was positive in both economies. TFP gains from Japanese telecommunications were 

lower than positive variations in the national average (TFPtotal). This sector in the US economy, on the 

other hand, showed growth rates above the national reference after 2005. Despite losing a position in the 

regional composition of the sector’s world production, telecommunications in these two developed 

countries showed productivity improvements on an upward trajectory. 

In summary, the results achieved on the telecommunications sector in the main supplying regions 

of the world suggest a certain “reach effect,” similar to that discussed by growth theory (Solow 1957; 

Romer 1990; Jones 1995; Creti 2001). An economy with less participation in the regional composition of 

world telecommunication production is easier to grow early in the process compared to a country in a 

higher position. Countries in lower positions generally had higher sector productivity. Thus, capital 

investments or restructuring policies for the telecommunications sector, such as privatization, in addition 

to substantially increasing the supply of services, have more significant impacts on productivity. 

Empirical results have already pointed out that privatization and liberalization have improved the sector’s 

productivity and efficiency (see a comprehensive review of Lam & Shiu (2008)). An example of this is 

the Brazilian economy, which, situated in a much lower position in this regional composition, presented 

the largest positive variations of telecommunications TFP. While China was less prominent, the Brazilian 

economy experienced a positive TFP (2000−2005). In the period when Chinese telecommunications 

became the fourth largest provider in the world, with the largest amount of capital in the sector, variations 

in TFP were marginal and negative. As pointed out by Lam and Shiu (2010), during the 1990s, the 

Chinese economy had a lagged information technology compared to developed countries, but after the 

reform of the sector, the country took advantage of recent technologies in the development of a national 

network of fiber optic cables, which avoided a costly re-engineering process of the old analog copper wire 

network and facilitated the rapid expansion of the telecommunications industry. This advantage of 

countries with lagging technology in the 1990s seems to have also been taken advantage of by Brazil, but 
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to a lesser extent. The Brazilian result is also consistent with the hypothesis of Lam and Shiu (2010), i.e., 

countries with lagging telecommunications technologies in the pre-reform period, by implementing the 

latest technologies, achieved better productivity performance than developed countries. This fact extends 

to China until 2005. 

Telecommunications in developed and prominent countries, such as the United States and Japan, 

generally have a high amount of capital per worker and, therefore, investment or sectoral policies to 

expand the provision of such services have a relatively small effect on sector productivity. Productivity 

growth rates vary across countries at different stages of telecommunications development, but almost all 

economies have experienced productive efficiency improvements in the sector. These results complement 

the conclusions of Chakraborty and Nandi (2011) noting that TFP variations are greater in developing 

economies and lower in the global composition of this type of service offer. However, our results do not 

yet show whether the effects of the sector on the economies are significant, as already discussed by 

Chakraborty and Nandi (2011) and Nadiri et al. (2018). To this end, unlike previous empirical literature, 

we use the hypothetical extraction technique to analyze the dependence of the world and major world 

economies on the supply and demand of the telecommunications sector. This relative importance of the 

sector in production systems is assessed in terms of backward and forward effects on production. The 

backward effect points to the dependence on intermediate inputs in the telecommunications production 

process (demand). On the other hand, forward effects of telecommunications activity occurs when other 

sectors (or regions) need their service as an input (supply). Both the backward and forward effect exploit 

the direct and indirect channels of production and consumption links established in input−output models. 

For these reasons, the results of hypothetical extraction differ in relation to the regional proportions of 

telecommunications production over world production, as partially presented in Figure 1.  

Table 2 presents the relative importance of regional telecommunications sectors in world 

production between 2000 and 2014. In general, the world production system tends to be more dependent 

on supply than demand from the telecommunications sector, even if we evaluate all time intervals. 

Without the supply of telecommunications, world production would fall by 24.8% between 2000 and 

2014, accumulating a real loss of U$19,666 billion. On average, the fall in world production without 

telecommunications would be 1.70% or $1311 billion per year. Similarly, the lack of absorption of the 

telecommunications sector by globally traded inputs would represent a cumulative retraction of 21.9% 

between 2000 and 2014. Over the period it is observed that the change in world dependence on 

telecommunications supply and demand would accompany, to some extent, the very modification of the 

regional composition of the sector. The regions that would gain positions or stand out in the composition 

of telecommunications production over the years would also be those that would have the most back and 

forth effects on world output. Both China and the Rest of the World (RoW) would gain prominent 
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positions and the telecommunications offer in these regions would impact 9.45% and 36.32% of world 

production, respectively (forward effect). These shares would be increasing in each time interval 

analyzed, including for the backward effect, whose assertion also extends to the Brazilian, German and 

French economy, albeit marginally. 

Table 2 – Regional share (%) of telecommunications effect on world production 

Region 
  Backward effect   Forward effect 

  2000–2005   2000–2010   2000–2014 
 

2000–2005   2000–2010   2000–2014 

Brazil (BRA) 
 

1.85 
 

1.85 
 

1.99 
 

1.50 
 

1.56 
 

1.61 

China (CHN) 
 

4.57 
 

7.20 
 

8.37 
 

5.99 
 

8.23 
 

9.45 

Germany (DEU) 
 

4.85 
 

5.46 
 

5.25 
 

4.52 
 

4.84 
 

4.74 

France (FRA) 
 

3.51 
 

3.61 
 

3.81 
 

3.82 
 

3.90 
 

3.92 

Great Britain (GBR) 
 

4.32 
 

4.30 
 

4.33 
 

4.61 
 

4.57 
 

4.54 

Japan (JPN) 
 

12.51 
 

11.19 
 

10.19 
 

13.93 
 

12.32 
 

11.49 

United States (USA) 
 

36.90 
 

31.78 
 

30.94 
 

33.04 
 

29.43 
 

27.93 

Rest of the World (RoW) 
 

31.49 
 

34.60 
 

35.12 
 

32.58 
 

35.15 
 

36.32 

Total   100.00   100.00   100.00   100.00   100.00   100.00 

Cumulative variation (%) 
 

-7.5 
 

-14.8 
 

-21.9 
 

-9.1 
 

-17.6 
 

-24.8 

Billions of US$   -4895   -10836   -17538   -6004   -12854   -19666 

Source: Research results. 

 
 

 
 

 
 

 
 

 
 

 
 

 

Although still representative, the effect on the world of US and Japanese telecommunications 

would be gradually diminished over the periods, confirming a result from the decentralization movement 

of this type of service in the world. In addition to the United States, Brazil and Germany would generate 

relatively greater backward effects, that is, the world would be more dependent on telecommunications 

demand than the sector’s own supply in these countries (forward effect). For example, the US industry’s 

dependence on demand would represent 30.94% of the total impact on the world, while the forward effect 

would reach 27.93% of that total. These effects usually come from intersectoral and interregional 

channels of each economic system in ways that take into account different patterns of trade and 

production. These asymmetries in the structure of demand and supply would therefore make the 

production of goods and services more dependent on demand than on the supply of telecommunications 

located in the United States, Brazil and Germany (backward effect), whereas in other European countries, 

Asian economies and the world this dependency relationship would be reversed, that is, the forward effect 

would become prominent. 

The dependence of each region is varied and takes into account not only the domestic provision of 

this type of service, but also the foreign provision of productive and sales complementarity relations. 

Thus, once the effects transmitted by the intra and interregional channels are recognized, it is possible to 

identify the relative importance of the sector located in the national territory and in other countries for a 
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given production system. Table 3 provides the cumulative variation (%) of the total effect on national 

output, broken down between intra- and interregional.  

 

 

Table 3 – National production and importance of domestic and international telecommunications 

Region 

Backward effect   Forward effect 

2000–2005 2000–2010 2000–2014   2000–2005 2000–2010 2000–2014 

Total Intra Inter Total Intra Inter Total Intra Inter   Total Intra Inter Total Intra Inter Total Intra Inter 

BRA -8.8 91.0 9.0 -15.4 91.4 8.6 -20.3 91.8 8.2   -8.8 92.4 7.6 -15.4 92.6 7.4 -19.8 92.5 7.5 

CHN -7.4 76.1 23.9 -13.6 71.6 28.4 -17.8 70.0 30.0   -11.0 89.3 10.7 -18.2 87.9 12.1 -22.0 87.6 12.4 

DEU -8.1 70.2 29.8 -15.8 71.1 28.9 -20.9 70.0 30.0   -9.0 81.9 18.1 -16.7 82.3 17.7 -21.6 81.6 18.4 

FRA -7.8 77.0 23.0 -14.6 78.0 22.0 -20.3 78.5 21.5   -10.3 87.6 12.4 -18.5 87.2 12.8 -24.5 86.7 13.3 

GBR -7.6 71.9 28.1 -13.8 71.5 28.5 -18.5 71.2 28.8   -10.8 82.7 17.3 -18.6 81.8 18.2 -24.0 81.7 18.3 

JPN -8.8 84.7 15.3 -15.1 82.0 18.0 -19.9 81.2 18.8   -10.6 94.5 5.5 -17.5 93.4 6.6 -22.8 93.3 6.7 

USA -10.5 91.8 8.2 -17.2 90.6 9.4 -22.9 90.6 9.4   -11.4 95.7 4.3 -18.4 95.1 4.9 -23.5 95.1 4.9 

RoW -7.9 81.2 18.8 -14.4 82.1 17.9 -19.0 81.7 18.3   -10.0 89.1 10.9 -17.4 89.4 10.6 -22.2 89.4 10.6 

Source: Research results.                                 

Note: "Total" shows the cumulative variation (%) of national production; "Intra" and "Inter" correspond to the share (%) 

of intraregional and interregional effects, respectively. 

 

The results indicate that, for example, Brazil would be a little more dependent on 

telecommunications demand than on the sector’s own supply, especially from 2000 to 2014. While 

national production would accumulate a negative variation of 19.8% in the absence in terms of 

telecommunications supply, the same macroeconomic indicator would fall by approximately 20.3% 

without the demand for the same activity for intermediate inputs. These variations would represent an 

average annual retraction of over 1.45% or $-20.85 billion over the period. By analyzing the 

decomposition of the backward and forward effects, it is observed that the dependence of the Brazilian 

economy was concentrated on domestic telecommunications, representing more than 91% of total impacts 

(intra). Dependence on the demand for telecommunications from abroad would average 8.2% between 

2000 and 2014, and by 2005 this percentage was 9% (inter). The dependence on the supply of 

telecommunications from abroad would be lower. In general, it is concluded that gradually the Brazilian 

economy would depend more on domestic telecommunications activity. 
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Unlike Brazil, other regional economies would depend more on supply than on demand for 

telecommunications services. The cumulative discrepancy of the forward effect in relation to the 

backward effect would be relatively greater in Great Britain, France and China. France, Great Britain and 

the United States would be the regions that would most need telecommunication services as input, i.e., the 

forward effects would accumulate negative variations of less than 23.5%. This supply-side dependency 

would come more from domestic production than from abroad. The United States, Japan and Brazil 

would be the countries that would least need to import telecommunications services in their productive 

complementarity relations. In both economies, domestic telecommunications activity showed positive 

TFPs between 2000 and 2014. The German and British productive system would be the most dependent 

on imports of telecommunications services, and would exhibit an upward trajectory of interregional 

participation in the total forward effect (over 18.3% over the entire period). Therefore, it is observed that 

the telecommunications service of these two economies was widely used as an input in the other 

production systems. 

On the other hand, in the composition of the backward effect, it is noted that the Chinese and 

British economies depend much more on demand than on the supply of telecommunications from abroad, 

with interregional dependence being above 28% of the total effect between 2000 and 2014. This result 

shows that national production in both economies is more sensitive to exports of goods and services to the 

foreign telecommunications production process. Except for France and the Rest of the World, when 

comparing time intervals, it appears that this dependence on demand from the telecommunications sector 

located abroad would be increasing. Again, Brazil and the United States would show less dependence on 

external telecommunications demand, that is, the effect of national production would be mostly coming 

from domestic telecommunications demand (above 91%). Alongside Germany, these economies would 

also have the most backward effect (a variation of less than - 20.3%).  

Thus, the major world economies would depend more on supply than on telecommunications 

demand, except for the Brazilian economy. Most economies would have an interregional dependence 

above the world average. Brazil, the United States and Japan would reveal a degree of intraregional 

dependence above the world average, both in terms of backward and forward effect. Even with this 

varying degree of interregional effects, we can identify the main regional channels that would give rise to 

these impacts, which are recognized in international trade interactions. Table 4 reports the distribution of 

backward and forward interregional effects between 2000 and 2014. Interregional dependence on the 

backward effect originates mainly from imports of telecommunications inputs located in the United States 

and the Rest of the World. Apart from these two world regions in the analysis, it is clear that European 

countries would tend to have a high volume of interregional dependencies on European and Chinese 

telecommunications demands. The greater European representativeness would be due to the reduction of 
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artificial, tariff and non-tariff barriers in trade between members of the European Union. So, there is 

certain reciprocity of these effects for the Chinese economy, which in addition to being dependent on 

European telecommunications demands, would also be dependent on the Japanese. It is noteworthy that 

even with the fall of artificial barriers between Asian countries due to the costs of international trade, the 

production of the Japanese economy would react more to the demand for inputs from the Chinese sector 

(15.4%) than China to the Japanese telecommunications demand (3.2%). Moreover, disregarding the Rest 

of the World, developing economies such as Brazil and China would show greater reliance on the US 

telecommunications production process, even though Brazil has had little interregional effect (Table 3). 

Despite being low, the interregional need for US telecommunications demand would originate more from 

European economies (16.3% total) than from Asian economies (7.4% total). 

 

Table 4 – Regional origin of interregional effects between 2000 and 2014 (%) 

Region 
Backward effect   Forward effect 

BRA CHN DEU FRA GBR JPN USA RoW Total 
 

BRA CHN DEU FRA GBR JPN USA RoW Total 

BRA 0.0 9.7 3.4 3.7 4.0 3.4 19.3 56.4 100.0 
 

0.0 5.6 5.6 3.3 2.8 3.6 13.2 65.9 100.0 

CHN 0.8 0.0 6.5 3.4 6.1 3.2 17.3 62.7 100.0 
 

1.7 0.0 4.4 2.4 2.2 10.2 8.4 70.8 100.0 

DEU 0.8 5.2 0.0 8.4 9.7 1.3 11.0 63.7 100.0 
 

0.4 3.4 0.0 5.2 6.4 2.3 21.7 60.6 100.0 

FRA 0.7 4.2 8.8 0.0 11.1 1.2 11.6 62.4 100.0 
 

0.7 3.3 9.9 0.0 10.9 2.0 12.4 60.9 100.0 

GBR 0.5 2.4 7.2 7.3 0.0 2.1 14.1 66.3 100.0 
 

0.5 2.5 10.4 10.7 0.0 2.4 7.5 66.0 100.0 

JPN 0.5 15.4 6.2 2.2 4.8 0.0 16.7 54.3 100.0 
 

0.9 10.9 3.1 1.8 3.9 0.0 15.4 64.0 100.0 

USA 0.9 4.3 7.7 3.3 5.3 3.1 0.0 75.3 100.0 
 

1.4 6.8 5.2 3.3 5.2 6.1 0.0 72.0 100.0 

RoW 2.7 19.3 13.3 9.1 12.8 7.4 35.4 0.0 100.0 
 

2.0 13.8 14.5 9.7 14.7 10.7 34.7 0.0 100.0 

Average 1.4 10.3 8.6 5.8 8.4 4.0 19.9 41.5 100.0   1.4 8.2 8.9 6.3 8.5 7.1 20.0 39.6 100.0 

Source: Research results. 

Note: The elements of the main diagonal of the matrices denote intraregional relationships and are therefore null. 

 

The dependency pattern observed by the demand side resembles the telecommunications supply 

side (forward effect). Nevertheless, China’s national output would depend less on US telecommunications 

supply (8.4%) than on demand (17.3%). Reciprocity also seems to occur between Japan and China, so it 

would reveal a close participation in the interregional composition of the forward effect between both 

economies, and this more symmetrical relationship would not exist in the backward effects. Germany and 

Great Britain, which would have a share of more significant interregional effects (Table 3), would need 

more telecommunications supply from other European countries to meet national production (Table 4). 
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5 Conclusion 

This paper has contributed to the debate on the variations in TFP and the role of 

telecommunications in the main producing economies of this type of service, assessing their relative 

importance in terms of demand and supply in a period after the global movement of sector restructuring. 

To do so, the technique of TFP decomposition and hypothetical extraction from interregional 

input−output matrices was applied between 2000 and 2014. The TFP’s decomposition analysis provides 

an “inside-the-industry” perspective, that is, we evaluate changes in the technical relations of production 

in the telecommunications sector in each of the major producing regions. In this first analysis, the results 

indicate that the strong expansion of Chinese telecommunications in the period, with gains of 

participation in the regional composition in supplying this type of services, was associated with losses of 

TFP in the sector in recent periods, even showing positive variations in productive efficiency. Brazil, 

stagnant in terms of position in this regional composition, with a low growth rate of service supply, 

showed TFP gains over the period. Developed and prominent countries in this regional composition 

exhibited positive TFPs, although with smaller variations than those of the Brazilian economy. Only 

telecommunications in Britain revealed TFP losses. A certain “reach effect” seems to emerge in Brazilian 

results, that is, the positive effect of TFP related to investment and privatization policies has shown an 

upward trajectory because telecommunications in this country have a relatively low amount of capital per 

worker. Like China, Brazil seems to have taken advantage of countries with lagging technology in the 

1990s, as suggested by Lam and Shiu (2010). 

The hypothetical extraction analysis showed that the world would be more dependent on the 

telecommunications supply and demand of the US, Japanese, Chinese and Rest of the World economy, 

reflecting, to some extent, the very trajectory of change in the regional composition of the world 

production of this service, marked by a regional decentralization movement following sector reforms in 

the 1990s. The US output would be the least affected by foreign telecommunications supply and demand, 

but such a region would be the most dependent on domestic supply. This greater independence of the 

foreign telecommunications market would also be observed for Brazil, whose economy would be more 

dependent on the demand for domestic activity. Other economic regions would be more dependent on 

domestic telecommunications supply, although telecommunications imported from other international 

regions would not be negligible. The backward and forward effects arising exclusively from interregional 

relations would denote the world’s economies’ heavy reliance on telecommunications from the United 

States and the Rest of the World. The exception would be in Great Britain. The results also point to a 

strong trade pattern in telecommunications services between China and European countries, with 

dependence on both the demand and the supply side reciprocal in international trade.  
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Therefore, the political implications of these results are straightforward. Countries that have been 

directing their investment and privatization policies in the expansion and modernization of national 

telecommunications, as well as making trade agreements to reduce artificial, tariff and non-tariff barriers, 

allow the supply of telecommunications services to be increased, but without guarantees of increases in 

productivity in the sector, as other economic conditions influence TFP, as shown by Chakraborty and 

Nandi (2011). The continued expansion of the amount of capital per worker in telecommunications in 

world regions, which have little prominence in the regional composition of their production, should lead 

to diminishing marginal TFP gains, even when primary factor productivity losses outweigh efficiency. 

Still, the global movement of telecommunications investment policies in certain countries may dampen 

the reliance on this service from the United States and China and even positively influence other 

economies through interregional interactions of economic systems. However, the downward trend in trade 

barriers between certain regions, without these appropriate investment policies or incentives for 

technological advances in the sector, must deepen the dependence on foreign telecommunications for 

productive systems that are increasingly fragmented and integrated globally. 
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