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Introduction  
 

In recent years there has been a sharp increase in the trade of intermediate goods between 

ASEAN countries and China, reflecting the emergence of China as a regional “assembly centre” 

and sourcing the bulk of parts and components from countries in South-East and North-East Asia 

(often referred to as East Asia) in the production of final goods for export to the United States and 

the European Union.
1
 This expansion of trade in intermediates is closely linked to the spread of 

international production networks (IPNs) in Asia.  

 

IPNs provide the basis for the distribution and coordination of geographically dispersed 

production and trading activities that take place within and/or among enterprises in multiple 

countries – often described as production fragmentation along the value chain –  and which have 

become a dominant feature of world trade and investment.
2
 They encompass enterprises in 

developing, emerging and developed economies, and have led to rising cross-border flows not 

only of final goods but also of intermediate goods and services. The growth of such IPNs has 

been facilitated by the policy changes that have lowered barriers to cross-border movement of 

goods and capital, enabling firms to efficiently exploit comparative cost differences across 

locations in order to optimally choose where to produce parts and components as well as 

assemble final products.  

 

IPNs have become particularly prominent in the Asian region, led by multinational enterprises 

that play a central role in the initiation and coordination of many such networks. As Athukorala 

(2012; p. 156) pointed out: “The formation of production networks has dramatically transformed 

the spatial patterns of international trade in the region, with a notable ‘magnification’ effect on 

recorded trade flows, operating through multiple border crossing of parts and components, on the 

expansion of intraregional trade”. 

 

This expansion of IPNs raises important new analytical and policy challenges and has generated a 

huge and rapidly growing literature.
3
 This study focuses on how these new patterns of production 

and trade influence the effects of exchange rates on international trade flows of manufactured 

goods, and draws attention to several ways in which IPNs have altered the nature of international 

                                                           

1
 Athukorala, 2012. 

2
 The term Global Value Chains (GVCs) is also often used. For a recent review of this phenomenon in 

Asia, see Athukorala, 2011.  

3
 For the theoretical framework that stimulated much of the subsequent analysis of this phenomenon, see 

Jones and Kierzkowski, 2001.   
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production and trade assumed in traditional models of international trade. In contrast to the 

traditional models of trade in which countries produce final goods, using primarily domestic 

factors of production, a large proportion of manufactured goods that are produced and traded 

across borders no longer comprises final goods but instead consist of intermediates (parts and 

components) and even exports of parts and components that typically incorporate a large 

proportion of imported manufactured goods. In this context, changes in a country’s currency 

exchange rate affect not only the domestic price of final goods but also their cost of production. 

Cross-border trade is primarily driven not by consumer preferences or incomes in the destination 

country, as postulated in traditional models, but is derived from demand for final goods in the 

export destination markets. Furthermore, because of the central role of multinational corporations 

(MNCs) in many international production networks (IPNs), a high proportion of trade in 

manufactures is intra-firm trade, influenced by the global profit maximizing objectives of the 

MNCs as well as their capacity to change production and sourcing patterns to meet those 

objectives. 

 

An additional complication is introduced if the exchange rate movements relative to intermediate-

import source countries are significantly different from those in export-destination countries. 

When exporters are hit by an exchange rate shock, it may be assumed that they typically face a 

compensating movement in the marginal cost if they are importing their intermediate inputs. This 

natural hedging of exchange rate movements, inherent in the imports of intermediate inputs, 

reduces the overall impact on the profitability of an export goods producer and its supply 

response. As noted in the case of China, the primary sources for imports of parts and components 

and the final destination markets can be quite different. This means that exchange rate 

movements of a country relative to different sets of countries may have very different impacts on 

trade volumes and patterns.  

 

In this study, an analysis is undertaken of the exchange rate sensitivity of intermediate input trade 

in the region focusing on how intermediate imports of China from selected Asian countries 

behaved from 1992 to 2012. Ideally, a formal model that can capture all facets of this complex 

phenomenon will not only require a multi-country, multi-commodity general equilibrium 

framework; it will also need to incorporate the specific microeconomic firm-level characteristics 

of multinational enterprises that modify standard firm-level responses to changes in a country’s 

exchange rate relative to various trading partners. In the absence of such a model, several recent 

analyses of trade in manufactured goods in Asia have pointed to the need to recognize the 

importance of trade in intermediates when analysing the response to exchange rate movements, 

the empirical models are estimated using various ad hoc specifications.
4
 This study proposes 

taking one step towards providing a firmer theoretical basis for specifying an estimation model 

that draws on insights from a theoretical analysis of a firm-level, partial equilibrium analysis of 

the behaviour of a multinational enterprise. However, in doing so, recognition is given to the 

limitations of extending insights from a firm-level model to an industry level or sectoral analysis.   

                                                           

4
 Several recent analyses of the exchange rate responses of the Asian manufacturing trade draw attention to 

the need to recognize the importance and role of imports of parts and components. See, for example: 

Greenaway and others, 201; Jongwanish, 2010; Thorbecke, 2012; and Thorbecke and Smith, 2010. 
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In firm-level modelling the focus is on the responses of an MNC – assuming that the behaviour of 

IPNs can be reasonably approximated by such a model. This approach is followed because, as 

noted above, MNCs dominate IPNs; cross-border trade in intermediate and final goods and 

services takes place within their network of affiliates and is often coordinated by them. This study 

recognizes the fact that they also engage in arm’s-length trade with independent buyers and 

suppliers, and source some of the parts and components from small and medium-sized enterprises 

(SMEs). The geographical distribution of the production and exchange of these parts and 

components as well as final assembly operations depends on changing comparative costs in 

different locations and the costs of moving them across country borders. Exchange rate 

movements that alter relative costs of such operations naturally influence the spatial distribution 

of activities within MNCs and IPNs, and produce changes in the patterns of international trade in 

components and final goods. The model draws on extensive recent theoretical and empirical 

literature on outsourcing by multinationals in order to take advantage of comparative cost 

differences across country boundaries as well as across firm boundaries.
5
 

 

Readers interested in the technical aspects of the model should note that it is a microeconomic 

firm-level (and partial equilibrium) model. As in the long tradition of international trade 

modelling, relevant exchange rates are exogenously given as real exchange rates that alter relative 

prices. A distinction is not made between real and nominal exchange rates. In the other words, 

this is the “real” model of trade responding to relative prices, so the exchange rate is a “real” 

exchange rate and is treated as an exogenous variable that alters relative prices between 

domestically produced and internationally sourced goods and services. 

 

There are two data issues that constrain the nature and the scope of the analysis provided by this 

study. First, the firm-level theoretical model cannot be implemented directly because of 

unavailability of access to a suitably disaggregated firm-level data set with firm-specific costs. 

Because all firms face a common exchange rate, any cross-firm variation in exchange rate 

exposure can be measured only if there is information on the cost structure of each firm. 

Therefore, this current study first uses the model only to shed light on important variables and as 

a guide to the interpretation of empirical results. Second, the focus cannot be just on imports of 

intermediate inputs directly utilized for export production because the final use of imported 

intermediate goods is not directly observable in trade data. Hence, the Sturgeon and Memodevic 

(2010) classification is followed in identifying parts and components that are likely to be strongly 

involved in intermediate inputs trade associated with IPNs. To gain a better insight into the 

                                                           

5
 As explained in more detail later in this study, this allows a richer specification of the structure of a firm 

and differs from the highly-simplified specifications of firm behaviour postulated in many heterogeneous 

firm models.  



 

 

 4 

effects of intermediates on exchange rate sensitivity, this study examines three industries that 

differ in their reliance on imported intermediates – the automotive, electronics, and apparel and 

footwear industries.
6
  

 

Despite these important limitations, this exploratory study provides a useful contribution to (a) 

the understanding of this major and rapidly-growing segment of regional trade and the issues of 

regional integration, and (b) the wider literature on the effects of exchange rate movements on the 

spatial patterns of production and trade in manufacturing.   

 

Chapter 1 provides a brief review of the key stylized facts concerning the development and 

patterns of the international division of labour in the Asian region and Asian IPNs. Chapter II 

presents the theoretical framework and the formal firm-level model for analysing the relationships 

between exchange rates and component trade flows. Insights from this model are then used to 

guide the empirical analysis detailed in chapter III. The conclusion in chapter IV provides a 

synthesis of the findings, policy implications and research challenges for future work. 

 

 

                                                           

6
 The IPN trade of apparel and footwear products has expanded in East Asia and since the early 1990s 

moved towards South and South-West Asia.  The expansion of IPNs in East Asia since the mid-1990s has 

been mainly driven by MNCs in the electronic sector while the automotive IPNs have been growing rapidly 

since 2000.  
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Chapter I.  International production sharing in the Asia-Pacific context 
 

This chapter documents the stylized facts related to the flows of intermediate inputs and final 

goods associated with growing IPNs in the region. The major trends and developments described 

in this chapter consider the implications for the theoretical and empirical investigations detailed 

in this study. 

Trade in intermediates is commonly used to reflect the formation of IPNs. Intermediate goods can 

be parts and components or any other item used as an input in the production of manufactured 

goods for final consumers (Sturgeon and Memodevic, 2010). An intermediate good is defined as 

“an input to the production process that has itself been produced and, unlike capital, is used up in 

production. As an input, an intermediate good has itself been produced and is thus defined in 

contrast to a primary input. As an output, an intermediate good is used to produce other goods (or 

services) compared to a final good, which is consumed and can be referred to as a “consumption 

good” (Deardorff, 2006; p.118).
7
. However, the official approach to identifying intermediate 

inputs is absent, and researchers use different categories to identify intermediate goods and 

services.
8
  

 

This study uses trade in customized intermediate goods identified by Sturgeon and Memodevic 

(2010) as an indicator for the IPN trade in intermediate inputs. Customized intermediates are 

defined as items made specifically for one or a few final products. Generic intermediates, on the 

other hand, are used in a wide variety of end products.
9
 The ability to distinguish customized 

intermediate goods from generic intermediate goods make the classification by Sturgeon and 

Memodevic appropriate because the end products of international product fragmentation are 

usually of differentiated types. This classification covers three sectors where IPN trade is 

significant: apparel and footwear, automotive and electronics.
10

   

 

                                                           

7
 The difference between intermediate and capital goods lies in the latter entering as a fixed asset in the 

production process. Like any primary factor (such as labour, land or natural resources), capital is used but 

not used up in the production process. On the contrary, an intermediate good is used, often transformed, 

and incorporated in the final output (Miroudot and others, 2009).  
8
 The traditional classification into raw materials, intermediate and machinery, and final manufactured 

goods as put forwarded by Lall (1998 and 2000) are too aggregate and not suitable to the IPN-trade context. 

For example, the classification by Lall (1998 and 2000) of intermediate goods includes final machinery 

items (such as road vehicles) and primary inputs (such as iron and steel, and plastic in primary forms) as 

intermediate goods.  
9
 The classification by Sturgeon and Memodevic (2010) is the modification of the Broad Economic 

Category (BEC) classification into customized and generic intermediate goods. An alternative classification 

is the list of parts and components based on Standard International Trade Classification (SITC) revision 3, 

proposed by Athukorala (2005).   
10

 The product lists are presented in Annex 1. 
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Section A of this chapter provides a historical overview of the production-sharing phenomenon 

and its expansion to Asian countries. Section B describes trends and patterns of network trade in 

final and intermediate goods in the region. Section C focuses on the central role of China in the 

regional  production and trade networks.  

 

A. Historical overview 

International production sharing is not an entirely new phenomenon. During the industrial 

revolution, British textile and clothing manufacturers shifted labour-intensive tasks to other 

European countries in response to labour shortages and wage rises (Pollard, 1981). During the 

first two decades of the twentieth century, Young (1928) observed increasingly specialized 

industrial production in the United States of America between the raw materials and final 

products. In the mid-1960s, electronics MNCs based in the United States started the process in 

response to increasing pressure created by domestic real-wage increases and rising import 

competition from low-cost sources (Athukorala, 2008). The Government of the United States 

facilitated the process by introducing an outward processing tariff scheme under which 

companies were allowed to export material for processing overseas and to re-import the finished 

products, paying tariffs only on the value-added abroad (the value of finished imports minus the 

value of  exported intermediates). 

 

The global supply chain expanded to some countries in East Asia in the 1960s. Two United States 

electronic companies – National Semiconductors and Texas Instruments – set up plants in 

Singapore to assemble semiconductor devices (Athukorala, 2008 and Goh, 1993). During the late 

1970s, several MNCs began to relocate some low-end assembly activities to neighbouring 

countries (particularly Malaysia, the Philippines and Thailand). At the same time, other MNCs set 

up production bases in those countries. Singapore has since become a regional centre for 

component design and fabrication as well as providing headquarter services for production units 

located in neighbouring countries. 

 

Based on Amador and Cabral (2008), by the 2000s East Asian countries had become important 

players in the global supply chain system. The first tier of newly industrialized economies 

(Republic of Korea; Singapore; Hong, Kong China; and Taiwan Province of China) accounted for 

24.5 per cent of global vertical intra-industry trade between 2001 and 2005. After major 

economic reforms, China was also integrated into the IPNs. Subsequently, China’s share of global 

vertical intra-industry trade increased rapidly from 2 per cent, on average, between 1986 and 

1990 to an average 15 per cent between 2001 and 2005. 
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South-South trade in intermediate products became increasingly significant during those periods. 

In the mid-1980s, developing nations in East Asia had little trade among themselves. They either 

produced their own intermediates or imported them from more advanced nations (mostly Japan, 

the United States and members of the European Union). More recently, the emergence of China 

as the “global assembly centre” has strengthened the linkages between countries in IPNs. 

Discussions in later sections show that China relies significantly on  intermediate inputs imported 

from other countries in the region, particularly those in East Asia.
 
 

 

The evolution of Asian IPNs during the past two decades corresponded to the behaviour of MNCs 

in responding to changes in trade and business environments. Prior to the 1990s, operations of 

MNCs could be divided into two categories: “vertical” and “horizontal” foreign direct investment 

(FDI) (Markusen, 1995). Vertical FDI corresponds to international fragmentation of production 

on a factor-cost saving basis (such as labour), while horizontal FDI occurs when MNCs follow a 

“build-where-you-sell” strategy for seeking markets. In the context of Asia, vertical FDI by the 

United States electronics MNCs in the 1970s was documented as the beginning of IPNs in Asia. 

Meanwhile, investment by Japanese MNCs in the South-East Asian automotive sector during the 

same period is an example of horizontal FDI responding to high tariff protection in the host 

countries. 

 

Since the late 1990s, MNC operations in Asia have progressively adopted an international 

product fragmentation strategy; both horizontal and vertical operations of MNCs are increasingly 

able to coexist as declining tariffs and transportation costs allow more flexibility in sourcing 

components from various countries. For example, Japanese automobile assemblers are taking 

advantage of regional trade liberalization programmes to consolidate duplicated production 

facilities among members of the Association of Southeast Asian Nations (ASEAN), and to 

facilitate the division of labour within the region, in order to achieve a regional scale of 

production.
11

 In addition, during the past two decades many MNCs have significantly upgraded 

the technical activities of their regional production networks in ASEAN, and have assigned global 

production responsibilities to affiliates located in Singapore and, more recently, to those located 

in Malaysia and Thailand (Athukorala, 2008, Borrus and others, 2000; and McKendrick and 

others, 2000).  

                                                           

11
 For details see, for example, Legewie, 1999a and 1999b, and Hiratsuka, 2010. 
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B. Trends and patterns of network trade involving Asia and the Pacific producers 

1. Trade in intermediates 

 

International production sharing has generated a dramatic expansion in trade in intermediates. 

Since the late 1990s, massive and growing flows of  intermediate inputs from Asia-Pacific 

countries have been observed (figure 1). Electronic  intermediate inputs are at the centre of IPN-

associated trade flows of Asia-Pacific region. The sector currently accounts for about 50 per cent 

of the region’s component exports, while exports in automotive and apparel-footwear 

intermediates are accounting for 30 per cent and 19 per cent, respectively.  

Figure 1.  Exports of IPN-associated intermediate goods  from Asia and the Pacific to the 

world, 1992-2011 

(Unit: Billion United States dollars) 

 

 

Source: Author’s calculations using United Nations Comtrade data and the classification by Sturgeon 

and Memodevic (2010) of customized intermediate products.
12

 

                                                           

12
 Sturgeon and Memodevic (2010) combined SITC and BEC classifications with knowledge from 

qualitative research on specific industries to identify final and customized intermediate goods for the three 
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The share of the Asia-Pacific region in global exports of intermediate goods has increased 

steadily since 2000 (figure 2). The region currently accounts for about 71 per cent and 68 per cent 

of global exports of electronics and apparel/footwear components, respectively. For automotive 

components, the region currently accounts for about 30 per cent in the world market.  

 

Figure 2. Share of the Asia-Pacific region in global exports of IPN-associated 

intermediate goods, by selected industries, 1992-2011 

(Unit: Percentage share of world exports) 

 

Source: Author’s calculations using United Nations Comtrade data based on the classification by 

Sturgeon and Memodevic (2010) of customized intermediate products. 

 

The expansion of IPNs in the Asia-Pacific region is still concentrated in the major trading 

economies in East Asia, which include East and North-East Asia and South-East Asia (table 1). 

More than 70 per cent of IPN component exports by Asia and the Pacific in 2011 originated from 

East and North-East Asian economies, with China, Japan, and the Republic of Korea as the top 

three exporters. In South-East Asia, Indonesia, Malaysia, the Philippines, Singapore and Thailand 

                                                                                                                                                                             

industries where research suggested a prevalence of IPNs, i.e., electronics, automotive and apparel-

footwear. Annex 1 provides a full description of the products in the list. 
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combined account for 18 per cent of global exports of electronic components. Economies in 

South and South-West Asia account for 13 per cent of global exports of intermediate apparel 

andfootwear, mainly from India and Pakistan as the rest of the region is not substantially 

integrated into the IPNs. 

 

Table 1. Shares of the Asia-Pacific region in global exports of customized intermediate and 

final products by subregion and selected economies, 2011 

(Unit: Percentage share in global exports) 

 

Exports of   intermediate goods Exports of final goods 

Apparel-

footwear 

Electronics 

 

Automotive 

 

Apparel-

footwear 

Electronics 

 

Automotive 

 

Asia-Pacific  68.4 70.8 29.3 59.7 51.6 25.3 

East and North-

East Asia 49.6 52.5 23.3 46.2 42.9 21.8 

China 34.5 25.0 7.1 39.6 32.6 1.4 

Japan 3.3 8.1 10.7 0.1 3.3 13.9 

Republic of Korea 6.0 5.9 5.2 0.4 3.0 6.3 

South-East Asia 5.6 17.5 3.8 5.0 7.5 1.4 

Indonesia 2.6 0.5 0.4 2.3 0.5 0.2 

Malaysia 0.8 5.2 0.3 0.3 2.4 0.0 

Philippines 0.1 2.5 0.4 0.3 0.4 0.0 

Singapore 0.3 6.9 0.9 0.3 2.3 0.0 

Thailand 1.8 2.4 1.7 0.9 1.9 1.1 

South and 

South-West Asia 13.0 0.4 1.8 8.3 0.8 1.8 

India 5.7 0.3 0.8 3.5 0.5 0.7 

Pakistan 3.5 0.0 0.0 1.0 0.0 0.0 

North and 

Central Asia 0.1 0.1 0.1 0.1 0.2 0.1 

Russian 

Federation 0.0 0.1 0.1 0.0 0.2 0.1 
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Pacific 0.1 0.3 0.2 0.1 0.3 0.2 

Australia 0.1 0.2 0.2 0.1 0.2 0.2 

Source: Author’s calculations using United Nations Comtrade data based on the classification by Sturgeon and 

Memodevic (2010) of customized intermediate and final goods. 

 

2. Intraregional trade 

 

IPN activities normally involve multiple border crossings of intermediate inputs. While MNCs in 

developed (home) countries are increasingly focusing on strategic tasks, including research and 

development, design and manufacturing strategic components, they shift their domestic 

production of intermediate inputs to developing (host) countries for cost efficiency. Those 

processes led to a significant rise in the shares of intraregional trade during the past two decades  

because intraregional trade grew faster than trade with outside the region (table 2).  

 

The expansion of intraregional exports is a dynamic process that corresponds to the decreasing 

shares of the North American Free Trade Area (NAFTA), which mainly comprise the share of 

exports to the United States. The intraregional exports of the apparel-footwear sector expanded 

rapidly in the 1980s, while exports of electronics and automotive grew in the 1990s and 2000s. 

The share of intraregional exports of customized apparel-footwear components has been more 

than 60 per cent since the early 1990s. In the case of electronics, intraregional export shares 

increased by more than 15 percentage points from 1992 to 2001. Currently, intraregional exports 

account for about 63 per cent of the region’s total exports. There was a similar trend for 

automotive components in the 2000s, when the share of intraregional exports increased from 33 

per cent in 2001 to 48 per cent in 2011.  

Table 2 Partners in Asia-Pacific intermediate goods trading 

(Unit: Percentage of Asia-Pacific component exports and imports) 

Sector Partners Exports Imports 

  1992 2001 2011 1992 2001 2011 

Apparel-

footwear 

Asia-Pacific 62.7 63.5 59.9 71.1 69.5 75.1 

European Union 12.2 11.1 10.4 6.8 7.7 7.1 

NAFTA 8.4 6.8 4.8 3.1 2.3 1.7 

Rest of the world 16.8 18.6 24.9 18.9 20.5 16.1 
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Electronics Asia-Pacific 44.4 59.3 62.8 60.9 59.2 65.3 

European Union 16.0 13.8 17.1 7.5 9.3 5.7 

NAFTA 31.3 18.9 12.2 24.5 18.5 8.3 

Rest of the world 8.2 7.9 7.9 7.0 13.0 20.7 

Automotive Asia-Pacific 26.2 32.5 48.0 56.1 52.8 56.8 

European Union 17.0 17.7 16.0 25.8 27.7 32.2 

NAFTA 43.9 37.9 22.7 14.0 13.6 6.3 

Rest of the world 12.9 11.9 13.3 4.2 5.9 4.6 

Source: Author’s calculations using United Nations Comtrade data based on the classification by 

Sturgeon and Memodevic (2010) of customized intermediate products. 

 

However, the rise of intraregional exports does not mean that the scope of international 

production networks in this region is just regional value chains. In fact, the production and trade 

network between Asia-Pacific countries has been a part of global value chains led by MNCs 

originating from advanced economies such as Japan, the United States, and the European Union. 

The shares of combined European Union and NAFTA customized intermediate imports by Asia-

Pacific remain relatively high for sophisticated industries. For example, the combined European 

Union and NAFTA shares in 2011 were 38.5 per cent for the automotive sector and 14 per cent 

for electronics. In contrast, the share was below 9 per cent for the apparel and footwear sectors. 

The shares appear to be consistent with the trend that advanced countries are shifting from being 

a source of supply, or market for physical inputs, to becoming suppliers of non-physical inputs 

such as design, management and technologies as well as supplying highly differentiated physical 

inputs.  

 

In addition, advanced countries outside the region remain an important export market for Asian 

final products. The region still depends on the outside-the-region markets for more than 70 per 

cent for finished automotive and apparel-footwear products and some 60 per cent for final 

electronics (figure 3). NAFTA and the European Union combined capture the majority of those 

final-good exports. However, there has been a rapid increase in intraregional demand for final 

goods during the past decade, especially in the case of electronics and automobiles.  
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Figure 3. Destinations of final good exports by the Asia-Pacific region 

(Unit: Percentage of Asia-Pacific final-good exports) 

 

 

 

Source:  Author’s calculations using United Nations Comtrade data based on the classification by Sturgeon 

and Memodevic (2010) of customized final goods. 



 

 

 15 

C. Central role of China 

In total, China contributes approximately 54 per cent of final exports and 34.5 per cent of 

component exports from the Asia-Pacific region (figure 4). China particularly dominates the 

exports of apparel-footwear and electronic final goods. However, China has not been a major 

international automotive assembler and its share was only 5.5 per cent of finished-car exports by 

Asia and the Pacific.  

 

Figure 4. Shares of China in Asia-Pacific exports, 2011 

(Unit: Percentage of Asia-Pacific exports) 

4(a). Exports of final goods  
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4(b). Exports of customized intermediate goods 

 

Source: Author’s calculations using United Nations Comtrade data based on the classification by Sturgeon and 

Memodevic (2010) of customized intermediate and final goods. 

 

Data from the OECD-WTO database on trade in value-added shows that foreign content 

accounted for more than 36 per cent of China’s gross global exports in 2005 (figure 5). The 

growing industrialization of China slowly decreased the foreign value-added content in the 

country’s exports to around 29 per cent in 2009. However, patterns deviate across sectors. For 

example, the foreign content of China’s textile and footwear exports is relatively low compared 

with the foreign content in Chinese exports of electrical and optical equipment, chemical and 

non-metallic mineral products, and construction services (figure 6). The difference is an indicator 

that domestic suppliers in China are participating in the IPNs of textiles and footwear more than 

in the IPNs of the electronics and automotive sectors. 
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Figure 5. Import content of total exports by China 

(Unit: Percentage of foreign value-added in gross exports) 

 

 

Source:  Data from the OECD-WTO database on trade in value-added. 
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Figure 6. Import content of exports by China, by industry, 2009 

(Unit: Percentage of foreign value-added in gross exports) 

 

Source:  Data from the OECD-WTO  database on trade in value-added. 

 

 

As China is an IPN export platform, a high proportion of China’s intermediate imports are used 

for producing exports. On average, about half of China’s intermediate imports end up in exports 

(figure 7). In some industries the ratio is much higher; for example, nearly 85 per cent of China’s 

intermediate imports of textiles and footwear are used to produce exports, while for electrical 

equipment the share is 74 per cent.  
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Figure 7. Intermediate imports by China embodied in exported products, by 

sector, 2009 

(Unit: Percentage of total intermediate imports) 

 

 

Source: Data from OECD-WTO Trade in Value-Added Database. 

 

In contrast, imports of automotive intermediate products by China are used mainly in products for 

domestic consumption (only 28 per cent of intermediate imports are used in producing exports.). 

This may be explained by the fact that China has not become a major exporter of final automotive 

products. Figure 8 shows that exports of Chinese automotive products are still very small 

compared with other integrated sectors.  
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Figure 8. Exports of final goods by China from selected sectors, 2001 and 2011  

(Unit: Billion United States dollars) 

 

Source: Author’s calculations using United Nations Comtrade data based on the classification by Sturgeon 

and Memodevic (2010) of customized final goods. 

 

D. IPN trade between the Asia-Pacific region and the rest of the world 

 

The patterns of trade between China and other IPN-participating economies reflect the division of 

labour between Asian countries. China’s imports from the Asia-Pacific region consist mainly of 

intermediate goods. At the same time, final goods dominate exports from China to the rest of the 

world (figure 9). While China is an important destination for intermediate exports of other Asian 

economies, the export markets for final products are still mainly countries outside the region. 
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Figure 9. Bilateral trade flows between China, Asia-Pacific  

and the rest of the world 

(Unit: Percentage of total exports) 

 

Source: Author’s calculations using United Nations Comtrade data based on the 

classification by Sturgeon and Memodevic (2010) of customized final goods. 

East Asian economies, particularly Japan, the Republic of Korea and major ASEAN countries, 

are the dominant suppliers to China (table 3). The shares of major ASEAN economies are 

significant in the case of the electronic and apparel-footwear sectors. India and Pakistan have 

been integrated substantially only in the apparel and footwear sectors.  
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Table 3. Sources of IPN-associated  intermediate imports by selected industries in 

China, 2011 

 

(Unit: Percentage of intermediate imports) 

Source: Author’s calculations using United Nations Comtrade data based on the classification by 

Sturgeon and Memodevic (2010) of customized final goods. 

 Apparel-footwear Electronics Automotive 

Asia-Pacific 56.3 45.7 55.7 

    Japan 18.0 15.1 36.8 

    Republic of Korea 11.9 13.7 16.4 

    Hong Kong, China 3.0 0.7 0.0 

    Singapore 0.2 1.6 0.2 

    ASEAN excluding Singapore 9.1 14.3 1.3 

        Indonesia 1.7 0.9 0.3 

        Malaysia 0.7 5.1 0.3 

        Philippines 0.3 3.4 0.1 

        Thailand 2.0 4.3 0.4 

        Viet Nam 4.4 0.6 0.2 

        Other ASEAN 0.0 0.0 0.0 

     SAFTA 13.2 0.1 0.2 

        India 4.3 0.1 0.2 

        Pakistan 8.8 0.0 0.0 

        Other SAFTA 0.1 0.0 0.0 

    Other Asia-Pacific 1.0 0.1 0.8 

EU25 5.8 4.3 34.5 

NAFTA 2.5 3.6 4.3 

Rest of the world  35.4 46.4 5.5 
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While China is importing a considerable amount of intermediates from Asia-Pacific economies, 

the country increasingly exports final products to countries in Europe, the United States and the 

rest of the world. From 2001 to 2011, the importance of developing Asia-Pacific nations and 

Japan to China’s final exports of apparel and footwear declined from 50 per cent to less than 35 

per cent (figure 10). In contrast, final exports to the European Union and the United States 

combined rose from 34 per cent to 47 per cent during the same period. Exports to the rest of the 

world also increased from 15 per cent to 21 per cent. 

Figure 10. Destinations of China’s exports of final apparel and footwear goods 

(Unit: Percentage of exports by 

China)

 

Source:  Author’s calculations using United Nations Comtrade data based on the classification 

by Sturgeon and Memodevic (2010) of customized final goods. 

 

In the case of electronics, Japan, the European Union and the United States, account for more 

than half of Chinese exports of final electronics. However, there has been a gradual increase in 

the demand for final goods from developing countries within and outside the region. China’s 

exports of final electronic products to developing Asia-Pacific countries increased from 29 per 

cent in 2001 to 33 per cent in 2011. The export of final electronic products by China to the rest of 

the world rose from 8 per cent to 13 per cent during the same period (figure 11).  
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Figure 11. Destinations of China’s exports of final electronic goods  

(Unit: Percentage of total exports by China) 

 

 

Source: Author’s calculations using United Nations Comtrade data based on the classification by Sturgeon 

and Memodevic (2010) of customized final goods. 

 

In contrast, China’s exports of final automotive products remain small. In addition, developed 

countries are not the major export markets for China. Most of China’s exports are aimed at 

developing countries in the rest of the world (figure 12). 
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Figure 12. Destinations for China’s exports of final automotive products 

(Unit: Percentage of exports by China) 

 

  

Source: Author’s calculations using United Nations Comtrade data based on the 

classification by Sturgeon and Memodevic (2010) of customized final goods. 

 

For other Asia-Pacific countries, China is an important market for exports of automotive  

intermediate inputs. China is the largest destination for intermediate apparel-footwear products 

from other Asia-Pacific countries. However, the share of intermediate apparel and footwear 

exports to China has been decreasing recently because of the expanding integration of other low-

wage countries in the region into the apparel and footwear IPNs. During the past decade, the 

share of component exports to China declined from 31 per cent to 23 per cent while the share of 

exports to other developing Asia-Pacific countries increased from 28 to 35 per cent (figure 13). 

The share of exports to the rest of the world also increased slightly from 21 per cent to 23 per cent 

during the same period.  
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Figure 13. Destinations for apparel and footwear intermediate exports by Asia-Pacific 

region (Unit: Percentage of total exports) 

 

 

Source: Author’s calculations using United Nations Comtrade data based on the classification by Sturgeon 

and Memodevic (2010) of customized final goods. 

Note: Export value is based on  intermediate exports of Asia-Pacific countries, excluding China. 

 

China is the leading and still-growing assembly centre for Asian electronics IPNs. From 2001 to 

2011, China rapidly increased in importance as a major export market for electronic components. 

During this period, the share of exports to China increased rapidly from 14 per cent to 33 per 

cent. At the same time, there was a significant decline in the share of intermediate exports to the 

United States, the European Union, and Japan from 38 per cent to 23 per cent during the same 

period. The shares of intermediate exports to other developing Asia-Pacific countries also slowly 

declined from 37 per cent to 32 per cent (figure 14). 
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Figure 14. 

Destinations for electronics intermediate exports by Asia-Pacific region 

(Unit: Percentage of total exports) 

 

Source: Author’s calculations using United Nations Comtrade data based on the classification by Sturgeon 

and Memodevic (2010) of customized final goods. 

Note: Export value is based on intermediate exports of Asia-Pacific countries, excluding China. 

 

China has not emerged as a major final assembly centre for automotive exports. The share of 

automotive intermediate exports to China is still relatively small. Exports to China accounted for 

only 5 per cent of the customized automotive components exported by the rest of the Asia-Pacific 

region in 2001. The share increased to 17 per cent in 2011 (figure 15). Meanwhile, automotive 

IPNs between Japan, Republic of Korea, and major ASEAN countries expanded, which 

consequently increased the shares of exports to developing Asia-Pacific countries from 22 per 

cent to 28 per cent.  

 

 

 



 

 

 28 

Figure 15. 

Destinations for automotive intermediate exports by Asia-Pacific region 

 (Unit: Percentage of total exports) 

 

 

Source: Author’s calculations using United Nations Comtrade data based on the classification by Sturgeon 

and Memodevic (2010) of customized final goods. 

Note: Export value is based on  intermediate exports of Asia-Pacific countries, excluding China. 
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E. Summary 

 

This chapter documents facts and trends of the IPN trade in final and intermediate goods in the 

Asia-Pacific region. Trade patterns show that only about 10 countries in the region are significant 

to the development of the IPN phenomenon in Asia. China, Indonesia, Japan, Malaysia, the 

Philippines, the Republic of Korea, Singapore and Thailand are at the forefront, while India and 

Pakistan are involved significantly only in apparel and footwear IPNs. 

 

China has emerged as a major assembler for manufacturing production networks. However, the 

importance of China differs between industries. China is a particularly important final assembler 

for electronics. China’s exports of electronics include substantial amounts of indirect exports of 

components made by other economies in the region. In the traditional IPN apparel and footwear 

sector, China still dominates assembling activities and final exports; however, emerging Asian 

economies in South and South-East Asia (such as India, Pakistan, and Cambodia) are increasingly 

taking over the final assembly stage. China has not emerged as a major assembling centre for 

Asian automotive production networks. Automotive manufacturing and exports by the region are 

still dominated by early IPN participating countries including Japan, the Republic of Korea, and 

the ASEAN-4 (Indonesia, Malaysia, the Philippines and Thailand). 

 

Information provided in this chapter will be used in further exploration of the implications 

undertaken in this study. In the next chapter, a theoretical framework is developed, based on a 

general setting that China is an assembly centre and Asian countries are supplying components to 

China. The effects of exchange rates will then be separated by stages of production. As a 

substantial heterogeneity exists in the patterns of network trade between industries, empirical 

investigations are performed in chapter III, both at the aggregate and the sectoral levels, taking 

into account important fixed effects at the sectoral level. 

 

 

 



 

 

 30 

Chapter II. The role of exchange rates in network trade flows:  

A theoretical perspective 
 

A. Introduction 

 

This chapter presents a theoretical model of how (real) exchange rate changes are likely to affect 

the operations of an MNC and the different types of trade flows. In formulating the model both 

the general phenomenon of product fragmentation and the specific conditions found in the spread 

of IPNs in Asia and the Pacific are taken into account. IPN operations in the region  encompass a 

range of countries of widely differing by factor endowments and income and wage levels. 

Instrumental to these was   the emergence of China as the assembly centre for the final 

manufactured exports that are mainly destined for North America and the European Union.  

 

Since the mid-2000s, trade imbalances between developed and developing countries have led to 

increasing attention being given to the role of exchange rates on trade flows.
13

  Given an 

increased focus on IPN in trade, there is a need for a model to frame thinking on impact of the 

exchange rate movements on decisions on IPN operations. A backdrop to the debate is that some 

major trade imbalances, such as the trade deficit of the United States, are caused by deliberate 

exchange rate undervaluation by certain developing countries in order to benefit their exports. 

This debate, with particular focus on the case of China, has highlighted the importance of (a) 

recognizing the significance of intermediate imports and (b) distinguishing between gross imports 

                                                           

13
 Studying the relationship between exchange rates and trade has a long tradition in international 

economics.Conventional models linking real exchange rates and trade focus on trade balance response to 

real exchange rate. The Marshall-Lerner condition which is the extension of Marshall’s theory of price 

elasticity of demand provided the foundation for  distinguish the price effects and volume effects of real 

exchange  on trade balance. It states that  for a currency devaluation to have a positive impact on trade 

balance, the sum of price elasticity of exports and imports in absolute terms must be greater than unity. 

Assuming the Marshall-Lerner condition holds, the Mundell-Flemming model provide a classic framework 

under Keynesian tradition to link exchange rates, interest rate, and aggregate output (which can be affected 

by exports and imports).  The famous Mead’s analysis (Mead, 1951) advocates that foreign exchange rate 

policies have an expenditure switching role, and therefore could be used in a combination with demand 

management measures (expenditure increasing/reducing policies) to help a country simultaneously achieve 

balance-of-payments equilibrium and full employment . Since the beginning of floating exchange rate 

regimes in 1973, effects of exchange rate volatility and the pass-through effect of exchange rates have 

dominated academic and policy debates. While the two fields of economic literature were developed in 

parallel, there is a relatively large body of literature on the effect of exchange rate volatility on trade. The 

state-of-the-art models in this area incorporate a “new-new” trade theory tested with firm-level data. The 

scope of the literature on exchange rate volatility and trade is beyond the focus of this study. Examples of 

comprehensive surveys of the literature on the topic can be found in: Côté, 1994; McKenzie, 1999; Clark 

and others,  2004; and Auboin and Ruta, 2011. 

http://en.wikipedia.org/wiki/Currency
http://en.wikipedia.org/wiki/Devaluation
http://en.wikipedia.org/wiki/Trade_balance
http://en.wikipedia.org/wiki/Trade_balance
http://en.wikipedia.org/wiki/Price_elasticities
http://en.wikipedia.org/wiki/Export
http://en.wikipedia.org/wiki/Import
http://en.wikipedia.org/wiki/Absolute_value
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and net imports. Extensive empirical research on the trade effects of exchange rates has revealed 

that the existing framework as discussed in footnote 1 for analysing the trade-exchange rate 

relationship has severe limitations and may even be quite misleading. As in some other cases in 

the field of International economics , theoretical developments in this area have lagged behind the 

empirical findings.  

 

The traditional trade and exchange rate literature focuses on exchange rates between two partners 

who trade final goods with each other. However, this framework cannot adequately capture the 

impacts of exchange rate changes on the trade in intermediates that are incorporated in final 

exports to other countries. These exports often comprise   differentiated manufactured goods, the 

production and trading chains of which involve trading partners from several countries. Thus, a 

framework for analysing the effects of exchange rate changes on such production and trading 

networks should be able to capture the effects of multiple exchange rates and multiple traded 

goods at different stages of production. 

 

A sufficiently realistic model of how an MNC operates its IPNs and trade patterns are influenced 

by exchange rate movements must incorporate at least the following stylized facts: (a) MNCs 

have multiple subsidiaries, and are able to produce not only final goods but also some 

intermediates in different locations (countries) ; (b) the different locations are chosen with a view 

to maximizing “global” MNC profits by exploiting the comparative cost differences across 

different locations as well as by choosing what and how much of the intermediates are to be 

produced in-house or purchased from outside. Because of this study’s specific interest in the 

Asian region, it is important for the model to be able to capture the complexities of production 

networks spanning several countries with a wide range of factor endowments and income/wage 

levels. In the case of Asia, taking into account the centrality of China for low-wage assembly 

operations as well as the importance of “mid-level” countries such as Malaysia and Thailand 

together with high-wage economies such as Japan, the Republic of Korea and Taiwan Province of 

China, at the minimum a three-country model appears essential.  

 

It should be emphasized that the focus of this study is not on the macroeconomic determinants of 

exchange rates, but rather on how traditional perspectives of the effects of real exchange rates on 

trade flows are modified by the growing importance of IPNs and significance of intermediate 

goods in international trade. Hence, although in empirical investigations observed nominal 

exchange rates are adjusted to extract underlying movements in real exchange rates, the 

macroeconomics of either nominal or real exchange rate determination are not addressed. The 

formal model is, therefore, a partial equilibrium microeconomic model in the long tradition of 

international trade modelling where relevant (real) exchange rates are exogenously given.  

Section B provides a brief review of the literature on exchange rates and trade relationships as 

well as exchange rate issues in the global production context. Section C summarizes the new 
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theoretical framework, the details of which are provided in annex 2. Implications are derived 

from the model with the aim of guiding empirical investigations of the network trade effects of 

exchange rate movements. The conclusion is given in Section D. 

 

B. Relationships between exchange rates and trade 

 

International trade theory postulates that international trade transactions of a country respond to 

real exchange rate changes. In other words, a change in relative prices affects the allocation of 

resources between tradeable and non-tradeable sectors as well as the allocation of resources 

within a tradeable sector between export and import-competing industries. 

 

The elasticity of supply and demand for exports and imports with regard to exchange rate 

movements depends on a variety of factors. The empirical studies of the relationship between the 

exchange rate and trade provide evidence of large differences across various types of goods and 

services among countries as well as between short- and long-term responses. For example, trade 

impacts of changes in exchange rates for Organisation for Economic Co-operation and 

Development (OECD) countries that are relatively similar in terms of income levels are, 

nevertheless, quite different across countries and sectors; OECD (2011a) reported that the 

impacts of exchange rates on OECD countries’ exports of agricultural goods are more 

pronounced than on manufactured exports. OECD (2011b) showed that exports by a small 

economy tend to be more sensitive to exchange rate changes than exports by a large economy. 

These variations are attributed to disparities across countries in the degree of product 

differentiation as well as flexibility of production and export structures.  

 

Previous empirical studies have pointed out that the effects of exchange rates changes on 

imported inputs would offset some of the impacts on final exports (Berman and others, 2010; 

Campa and Goldberg, 1997; Hummels and others, 2001; Greenaway and others, 2010; and 

Jayasuriya and Yamashita, 2013). In the terminology used by Fauceglia and others (2012), 

imported inputs could provide ‘natural hedging’ instruments to exporters in times of currency 

appreciations as they could use cheaper imported inputs to offset adverse effects of currency 

appreciation. In addition, there is also the evidence in other aspects of industrial performance. 

Goldberg (1993), for example, finds that investment by the American firms is sensitive to 

exchange rate changes, but the effects seem to vary among firms with different levels of imported 

inputs.  

 

Empirical studies on exchange rates and China’s trade balance are increasingly taking into 

account the role of intermediate imports (see, for example, Ahmed, 2009; Cheng and others, 



 

 

 33 

2010; Marquez and Schindler, 2007; Thorebecke, 2011 and 2012; Thorebecke and Smith, 2010; 

Xing, 2011; and Yamashita, 2011). All these studies use Chinese customs data, which separate 

Chinese trade flows into China’s processing industry and ordinary trade.
14

 These studies found 

that ordinary exports’ responded negatively to an appreciation of the local currency, while the 

evidence was mixed on processing trade. The findings have been interpreted in such a way that 

high import content mitigates the exchange rate effects on exports.  

 

The prevalence of IPNs and the pervasiveness of differentiated goods that are associated with 

market power raise the issue of how a firm responds to an exogenous change in the exchange rate. 

An important strand of literature looks at the issue of incompleteness of (nominal) exchange rate 

pass-through. The literature indicates that market power tends to result in an incomplete pass-

through of exchange rate changes to relative prices. In the other words, prices of imports and 

exports often change by less than changes in exchange rates. This is also-called “pricing-to-

market” behaviour of firms operating in imperfect competition. In general, the evidence of low 

exchange rate pass-through has been found by, for example, Dornbusch (1987), Krugman and 

Baldwin (1987), Feenstra (1989), Athukorala and Menon (1994), Campa and Goldberg (1997) 

and Vigfusson and others (2007). There are significant intercountry and inter-industry differences 

in the extent of pass-through. Barhoumi (2006), Bergin and Feenstra (2009), and Coulibaly and 

Kempf (2011) found that differences across countries in the exchange rate pass-through were due 

to exchange-rate regimes, trade barriers and market structure. Arthukorala and Menon (1994) and 

Menon (1996) found that the cross-sector variation could probably be explained by the 

differences in market structure, as reflected in different demand and cost conditions among 

industries. For example, if market structure is relatively competitive then the foreign firm will 

absorb the full change in exchange rate appreciation in its own mark-up instead of raising the 

export price. On the other hand, if the foreign firm is a market leader, it will pass on the effect of 

exchange rate appreciation to the consumer (Banik and Biswas, 2007).  

 

Recently, micro-focused literature considered the trade impacts of exchange rates based on the 

so-called “new-new” trade models. The models of this type follow Melitz (2003) by incorporating 

the concept of firm heterogeneity into the imperfect-competition setting. The literature explains 

that differences across firms in their trade behaviour are determined by their differences in cost 

structure and productivity. Berman and others (2010) found theoretically and empirically that 

high-performing firms, measured by productivity and quality benchmarks, were more likely to 

adjust their mark-ups rather than their export volumes when they faced exchange rate movements. 

Low-performing firms tended to adopt the inverse strategy. Using the micro-level data, empirical 

studies such as Gopinath and Rigobon (2008) as well as Martin and Rodriguez (2004) showed 

                                                           

14
 Processing trade comprises imports of inputs for China’s exported goods as well as processing exports 

using those imported intermediate inputs. OECD-WTO (2013) found that the import content of China’s 

electronics exports in 2009 was some 40 per cent. In contrast, ordinary exports are based on local inputs, 

and ordinary imports do not significantly contain the re-imported Chinese inputs. 
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that exchange rate pass-through at firm-level was incomplete.
15

 Bernard and Jensen (2004), 

Campa (2004), and Das and others (2007), examined the effects of exchange rates on the export 

behaviour of individual firms. Given the importance of this issue, this study models the MNC as a 

producer of a differentiated final good, thereby allowing imperfect pass-through in the export 

market; however, it is assumed that the MNC purchases inputs in competitive markets in order to 

help keep the model tractable.  

 

A fully-fledged formal model that can capture all these complex patterns of global production 

would require a micro-level trade model to describe a firm’s decision-making at a highly-refined 

“task level”. This theoretical requirement has not been met by the existing literature. Although the 

large and growing literature of the “new-new” trade theory is rich and informative, it has to 

simplify scope of a firm into a single-task and single-location operation in order to keep the 

model tractable.
16

 In addition, existing research on exchange rates and intermediate imports 

assumes implicitly a zero to small substitution between imports and domestically produced 

intermediate inputs. For example, the International Monetary Fund (2005) assumed that imported 

inputs for exports varied one-for-one with changes in demand for processed final exports. It also 

assumed that the substitution effect was small because these goods were not produced 

domestically, at least in the short term. Consequently, the price elasticity of these imports for 

processing was shown to be small (about 0.1); however, there is no empirical evidence so far to 

substantiate these assumptions.  

 

As indicated above, this study does not attempt to address all the complex issues in modelling 

firm behaviour of an MNC, but does focus on several key aspects that will help to provide some 

guidelines for furthering theoretical and empirical research on this issue. 

 

C. Building a multi-exchange rate model of international production sharing 

 

To investigate intermediate trade and IPNs, this study simplifies the reality of Asian IPNs into a 

“world” of three countries. The model recognizes that final-good production by MNCs often 

comprises multiple components that can be produced within or outside a given country.  

 

                                                           

15
 A comprehensive review of the micro-focused studies on exchange rate pass-through can be found in Yu, 

2013. 
16

 Zhao and Xing (2006) proposed a model of an MNC with multiple location options for its horizontal 

FDI, which showed that exchange rate movements could affect horizontal FDI. However, vertical FDI – 

which heavily involves trade in intermediate inputs – was excluded from their model. 
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As indicated above, the existing literature offers limited scope in this context of IPN because no 

allowance has been made for the location for each stage of the production process and the 

patterns of the IPN-trade in intermediate goods to be endogenously determined within the models. 

Typically, it was assumed that a single intermediate input was used in the final-good production. 

Efforts to incorporate the multiple-component feature in a model are found in Feenstra and 

Hanson (1996), and Grossman and Rossi-Hansberg (2006). Those models demonstrated that 

incorporating multiple components (“tasks”) – through the assumption of a continuum of tasks – 

could provide a richer set of insights. In the case of MNCs  with foreign subsidiaries, the input 

decisions involve whether they should be sourced from “onshore or offshore”, and which 

components should be sourced from where.
17

 

 

This study follows the multiple-task approach of Grossman and Rossi-Hansberg (2006) in 

developing the theoretical framework for discussing exchange rate impacts on an MNC and the 

associated trade flows. This section presents a brief overview of the model and implications from 

empirical studies. The model allows for the possibility that different components of production 

are conducted in different countries. Although the model structure may appear somewhat 

complex, it has been developed in this way to ensure that the main stylized facts about 

multinationals and the Asian IPN context can be incorporated with theoretical rigour, based on 

available models of MNCs, for use not only in this analysis but also for future investigations as 

and when better data become accessible. A complete technical description of the model is given 

in annex 2. The model is used to gain insights into two major issues. The first issue is the 

relationship between countries of component sourcing and input characteristics, i.e., which 

components will be produced in which country. The second issue is how do exchange rate 

changes affect the component sourcing decisions of a multinational firm?  

 

1. Theoretical approach 

 

The modelling approach in this study integrates insights from the literature on trade, FDI and 

exchange rates. The input sourcing decisions by a multinational that operates in a “world” that is 

simplified into three countries: the North, the East and the South, representing a high-wage 

country, a middle-wage country and a low-wage country, respectively. The difference in factor 

prices reflects the differences in relative factor endowments among the three countries.  

A partial equilibrium approach is followed in order to focus on factors driving firm-level 

decisions. Hence, non-firm factor prices are assumed to be exogenously given, and any general 

                                                           

17
 Feenstra and Hanson (2005) presented a model of an endogenous set of outsourced tasks in a two-task 

framework. 
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equilibrium effects towards international factor price equalization are ignored. For simplicity, the 

model assumes away scale economies and ignores game-theoretic complexities.
18

 

 

In the current study the MNC is a monopoly producer facing the standard setting of downward 

sloping demand for the final good; this accommodates the empirical feature of a firm producing a 

differentiated good, commonly observed in the case of manufactured products and assumed in 

theoretical models. It has its headquarters in the North and its own subsidiaries in the East and the 

South. The MNC headquarters in the North has an inelastic supply (i.e., a fixed stock) of firm-

specific assets (“headquarters capital”), which is essential for the production of the final good in 

combination with a continuum of intermediate goods that differ in factor intensities.
19

  

 

The MNC allocates its firm-specific capital from the headquarters in the North to its subsidiaries 

in the East and the South. The subsidiaries will use the firm-specific capital as an input for their 

production activities. This headquarters capital is firm-specific, and can only be used with labour 

in the production of intermediate inputs (“components”). Thus, it is not traded in markets at any 

price, but it has an opportunity cost (shadow cost) in each of its competing uses within the firm, 

reflecting the foregone opportunity to utilize it in its alternative use under the full-employment 

condition.
20

  

 

On the production side, a final good is made with headquarters capital, labour and a continuum of 

intermediate inputs, indexed from zero to 1. These intermediate inputs can be produced by MNC 

subsidiaries. The production of each intermediate input requires headquarters capital and labour 

in a fixed proportion. For convenience, a component spectrum is arranged such that the 

component index represents the relative capital intensity of components. That is, the component 

indexed as 1 is the most capital-intensive component, whereas the component indexed as zero is 

the least capital-intensive. The final-good production function is assumed to use fixed proportions 

of each input, irrespective of relative prices (i.e., Leontief technology), and it is the most labour-

intensive task in the IPN. 

                                                           

18
However, introducing scale economies explicitly into the model is unlikely to change the model 

implications substantively. 

19
 The headquarters capital concept is related to the concept of knowledge-based capital assets that are 

embodied in services from the headquarters such as marketing, research and development, financial 

services, management, engineering etc. The assumption of fixed stock of the firm-specific capital is 

motivated by a stylized fact: According to the National Academy of Public Administration (2006), one of 

the most cited reasons for outsourcing is to redirect or conserve firm-specific assets at the core 

competencies of a particular business. 

20
 The shadow cost of headquarters capital would be strictly positive under the full employment condition. 

The shadow cost would become zero if the full employment condition was relaxed. 
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This study focuses on the IPN trade flows of developing countries (the East and the South), and it 

is assumed that the market for the final-good exists in the North but not in the East and the South. 

The role of the North is limited to just managing the allocations of headquarters capital. In 

addition, we are interested in the full pattern of component sharing, i.e. the MNC sources 

components from both subsidiaries in the East and the South at least in the short-run equilibrium. 

Therefore, it is assumed that firm-specific capital movement between subsidiaries in the East and 

the South is not allowed.
21

   Figure 16 illustrates the main feature of trade flows in the production 

networks of the MNC, as described above.  

Figure 16. International production network in the three-country model 

 

The firm’s optimization problem is solved in order to find the equilibrium production of the final 

good and component sharing by the MNC’s subsidiaries. The MNC maximizes profits (revenue 

minus expenditure) from its global production. The comparative cost advantages of component 

options determine the optimal pattern of component sourcing. The pattern of IPN trade flows is 

determined by factor price differences and nominal exchange rates, in addition to the capital 

endowments of each subsidiary and market conditions for the final good.  

 

                                                           

21
 If this assumption is relaxed, the model could yield two possible corner solutions at different parameter 

values. One is the equilibrium where all components are sourced within the South. On the other hand, the 

South could become completely specialized in the final-good assembly. The parameters at play include the 

size of the final-good market relative to the endowment of firm-specific capital. 
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The assumption of profit maximization provides optimal sourcing patterns that are consistent with 

the comparative advantage of the IPN participating countries. The model provides a factor 

intensity of the ordering of components sourced from subsidiaries. If the MNC sources 

components from both the East and the South, the components sourced from the East tend to be 

more capital intensive than the components sourced from the South. It is assumed that the factor 

endowment in the North differs from the developing regions too much to permit the North to 

share tasks on the component spectrum. Hence, the role of the North is just managing the 

allocations of headquarters capital, which is the most capital-intensive task in the IPN. It is 

therefore optimal for this to be done in the most capital abundant country (the North). 

 

In this study, the model is used to guide the empirical analysis of the impact of exchange rate 

changes on the IPN trade flows. However, the model can accommodate analyses of how the IPN 

trade flows will change within market environments described by particular combinations of 

parameters, such as relative market size, demand and supply elasticities, and magnitudes of firm-

specific capital stock. Of primary interest here is how exchange-rate movements link with the 

IPN exports of participating countries. A comparative static analysis is undertaken with regard to 

exchange rate changes in the model. The model allows for the discussion of the exchange rate 

effects on downstream and upstream countries separately as discussed below. 

 

The main mechanism at work is the fixed stock of the headquarters capital – the firm-specific 

asset – which gives rise to a potential trade-off between scale and scope of exports by subsidiaries 

in each country. Given that the stock of firm-specific assets is fixed, an increase in the (intra-firm) 

export quantity of each component item would come with a decrease in the numbers of (intra-

firm) export items from a given country. This is called the potential trade-off at the intensive-

margin and extensive-margin of trade.
22

   

 

(a) Effects of exchange-rate changes on a final-good exporting country 

 

                                                           

22
 Hummels and Klenow (2005) drew attention to the role of the extensive margin in explaining observed 

international trade patterns, giving the origin to a burgeoning literature on its determinants and importance. 

The extensive margin can be defined at different levels of aggregation, and a variety of definitions have 

been used in empirical work. For example, Hillberry and Hummels (2008) worked at the shipment level, 

while Eaton and others (2004) as well as Berthou and Fontagné (2008) worked at the firm level. Hillberry 

and McDaniel (2002), Hummels and Klenow (2005), and Dennis and Shepherd (2007) defined the 

extensive margin at the sector-product level, while Helpman and others (2008) considered the data at the 

country level. The number of sectors exporting in a country also indicates the degree of specialization of 

the export base and influences its response to sectoral shocks, in turn affecting the volatility of the 

economy. 
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The model shows that exchange rate changes may have ambiguous effects on the South’s 

production patterns (components and final goods). However, the effects on South exports (final 

goods) are in line with the literature. Overall, the model indicates that final exports by the South 

tend to be less sensitive to exchange rate changes, and the impacts of exchange rate changes on 

component imports by the South tend to be ambiguous due to the tension forces between 

exchange rate effects on the extensive and intensive margins. The results from this firm-level 

model provide a clue as to how the IPN trade flows of a country would be affected by exchange 

rate changes under the assumption that a country’s IPN trade flows are determined by collective  

actions of IPN participating firms. 

 

The impacts of real exchange-rate depreciations on exports by the downstream country are 

discussed below.
23

 First, the effects of currency depreciation in the South are considered, 

followed by the examination of the effects of currency depreciation in the East. Keeping in mind 

that an exchange rate appreciation would lead to opposite results, it is not necessary to discuss the 

appreciation cases. 

 

(i) The South currency depreciation 

 

The South currency depreciation reduces the relative price in foreign currencies and allows the 

firm to increase the scale of final-good production and final exports. However, the fixed stock of 

headquarters capital in each subsidiary implies that the firm needs to reduce the scope of 

component production in the South subsidiary in order to achieve large-scale production. 

 

The exchange rate effect on the scale of final production is not the only impact. Ignoring the scale 

effects of exchange rate changes for the time being, the South currency depreciation also 

increases the cost of imports, and encourages “domestic” sourcing within the South subsidiary.  

 

Hence, the South currency depreciation would increase final exports from the South subsidiary to 

the North. Meanwhile, the South tends to replace some imports from the East by domestic (in-

house) production. However, the fixed stock of firm-specific capital reduces the potential 

substitution effects between domestic and imported component sourcing. In addition, an increase 

in demand for final exports means that greater amounts of each component are needed to supply 

                                                           

23
 We assume that a multinational firm take the prices of goods and services as taken. So that changes in the 

nominal exchange rate imply corresponding changes in the real exchange rate to the firm; (i.e. we assume 

that changes in the firm’s trade volume has no effect on market prices. 
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the increasing final production. Thus, the South tends to increase imports from the East on the 

intensive margin even if it may reduce the extensive margin of imports. 

 

(ii) The East currency depreciation 

 

The depreciation of an upstream country decreases the marginal cost of production of final 

exports because it lowers the cost of imported components. The South thus increases its final 

exports. Additional headquarters capital is then required for increasing final production. As a 

result, the South subsidiary’s in-house production of components expands along the extensive 

margin. Hence, the South has to import more components both along the extensive and intensive 

margins from its upstream trading partners. 

 

(b) Effects of exchange-rate changes on a component-supplying country 

 

Contrary to popular belief, the model shows that an upstream country (i.e. East) does not always 

benefit from currency depreciation in a downstream country (i.e. South). The model shows that 

the effects of a South currency depreciation on the East are ambiguous, especially if the East’s 

exports to the South are dominated by intra-firm exports of components.   

 

(i)  The South currency depreciation 

 

The South currency depreciation increases its costs of imported components. In addition, the 

South currency depreciation encourages “final exports” by the South. This expansion of final 

exports implies that the South needs larger amounts of each component regardless of whether 

sourced domestically or imported. 

 

An increase in final exports implies that the South subsidiary will need more headquarters capital 

in order to increase the level of production for final exports. The South subsidiary has to reduce 

the scope of component production in order to allocate more capital to final production, and then 

import more from the East subsidiary instead. Thus, the South currency depreciation tends to 

increase component exports by the East along the intensive margin. 
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However, as in the final-good exporting country case, that is not the only impact of the exchange 

rate change. Another impact is that depreciation encourages the South to replace some imported 

components with domestic (in-house) production. Hence, the South currency depreciation tends 

to discourage component exports by the East along the extensive margin. However, the fixed 

capital stock in each subsidiary implies that the component substitution along the extensive 

margin tends to be limited when compared with the opposite effect on the intensive margin.
24

 

 

(ii)  The East currency depreciation 

 

The currency depreciation of an upstream country tends to increase exports by that country along 

extensive and intensive margins. As discussed above, depreciation of the East’s currency reduces 

the cost of import inputs to the South. The cost reduction increases the profit-maximizing output 

and final exports by the South; for this, the firm needs greater amounts of a given component 

from IPN upstream countries. In addition, exports by the upstream country whose currency has 

depreciated tend to expand along the extensive margin, because the depreciation reduces the 

relative price of its exports in foreign currencies. However, the impact on the extensive margin is 

partially offset by the internal requirement to allocate the fixed stock of headquarters capital to 

meet the increasing level of production along the intensive margin.  

 

D. Summary 

 

Overall, the model indicates the ambiguous impacts of exchange rate changes on IPN export 

flows. The conflicting effects on intensive and extensive margins determine the final (net) effects. 

The final effect depends on factors such as (a) how large the final market is relative to the stock 

of firm-specific capital, (b) how responsive final demands are to the exchange rate (relative price) 

changes and (c) the level of substitutability between imports and domestic components. For 

intermediate values of parameters, it is likely that the impact on the intensive margin might 

dominate the impact on the extensive margin, because the internal requirements within the 

                                                           

24
 The impacts of the South currency appreciation follow from the same mechanism. Appreciation of the 

South currency tends to reduce final exports by the South, and encourage more component imports from 

the East subsidiary. The tension forces faced by the East subsidiary are between the contraction of 

component exports along the intensive margins and the expansion along extensive margins. However, some 

headquarters capital will be released from the decreasing final good production. To restore the equilibrium, 

the South then expands its scope of component production within the South.  
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downstream subsidiary tend to partially offset the extensive-margin impacts of the exchange rate 

changes. 

 

However, it should be noted that the impact on the intensive margin could be less dominant if 

outsourcing from independent suppliers were allowed in the model. This implies that in the real 

world, with intra- and inter-firm sourcing options, the exchange rate impacts on IPN participating 

countries could be more ambiguous and depart from the standard literature, which does not 

capture the impact of exchange rate changes on extensive margin of trade flows. 

 

Some empirical implications can be drawn from the model that point to important factors to be 

taken into consideration in an investigation. For example:  

(a) The model reveals that a country exporting intermediate goods through the intra-firm 

networks of MNCs would be less sensitive to exchange rate movements than 

expected by the traditional literature, even if the MNCs do not import large amounts 

of foreign inputs. This is because an IPN component-exporting country faces a 

potential internal trade-off between the exchange rate impacts along the intensive 

margin and the extensive margin of trade. 

(b) The exchange rate changes can influence IPN exports, but the potential trade-off 

implies that the overall effects of an exchange rate change on an IPN exporting 

country depend on the specific contexts. Factors that matter are, for example: 

(i)  The size of the final market relative to the stock of firm-specific capital; 

(ii) The elasticity of the final demand to exchange rate (relative price) changes:  

(iii) The level of substitutability between imports and domestic suppliers. 

(c) Because the factors identified above may differ across industries and countries, it is 

necessary to take into consideration the “fixed effects” at the country and industry 

levels. For example, the supply conditions may be significantly different between 

automotive components and apparel components. The automotive components 

produced in China may not be substitutes for the given component imported from the 

Republic of Korea. Hence, the empirical investigation should take into account 

product differentiation at the country and industry levels.  

 

The empirical probes in this study draw on these results from the theoretical model of the firm to 

help in both the specification of the empirical model and the interpretation of the results. 
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Chapter III. Exchange rates and production sharing in Asia 

 

A. Introduction 

This chapter investigates the relationships between exchange rates and trade flows associated 

with production sharing. Based on the key insights gained from the theoretical model, an 

empirically implementable econometric model is specified. It should be noted that the empirical 

exercises based on country-level trade data should not be interpreted as a direct test of the 

theoretical model of firm-level decision-making. This theoretical model provides insights into the 

firm’s decisions on production sharing between subsidiaries in several countries. A direct test of 

the model then requires a rich micro-level dataset regarding “intra-firm” trading in intermediate 

inputs used in the final production of given products. However, such highly disaggregated data of 

intra-firm trade would be confidential. In addition, it is likely that the data would not be 

comparable across firms. Keeping in mind those limitations, it must be emphasized that any 

inference from the firm-level model to the industry-level trade patterns should be made with 

caution. Nevertheless, it can be argued that modelling the behaviour of a representative firm 

provides conceptualizations about the relationships between exchange rates and IPN trade flows 

that are empirically plausible and consistent with the core features of the theoretical model. 

Insights from the theoretical model is examined indirectly by using industrial-level data based on 

an assumption that a country’s IPN trade flows at industry level partly reflects the collective 

actions of IPN participating firms.  

 

Based on insights provided by the formal model, changes in the exchange rates of IPN 

participating countries at all stages of the production process could affect demands for 

intermediate imports in the downstream country. Hence, the effects of changes in the exchange 

rates of a final-good exporting country and a component-supplying country on intermediate 

imports of the final-good exporting country are investigated. A dataset is used of Chinese imports 

of intermediates from Asian countries participating in the globally integrated production from 

1992 to 2011. In order to focus on trade flows associated with production sharing between China 

and selected Asian trading partners, intermediates are identified using the Sturgeon and 

Memodevic (2010) classification of “customized” intermediate inputs of the globally-integrated 

industries in the electronics, automotive, and apparel/footwear sectors at the 5-digit SITC revision 

3 product code.
25

   

 

Information on intermediate imports of China is utilized to mirror the IPN exports by selected 

Asian countries. Import data are usually considered to be of better quality than export data as 

                                                           

25
 See the lists of products in annex 1. 
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such data are often reported in sufficient detail to allow customs to apply duties, taxes  or other 

regulatory controls (Escaith, 2012). The set of component-exporting countries comprises 

advanced Asian countries (Japan, the Republic of Korea and Singapore), major ASEAN countries 

(Indonesia, Malaysia, the Philippines, Thailand and Viet Nam), and India. (Pakistan is also 

included for apparel and footwear components). For the selected industries, imports from those 

countries accounted for about 99 per cent of China’s total imports from Asia and the Pacific in 

2011.  

 

The theoretical model indicates that relative prices adjusted by exchange rates of the downstream 

and upstream countries determine IPN trade flows. Two real effective exchange rates (REERs) 

are incorporated into the import equation in order to capture these variables – one for the 

component-supplier and the other one for the final-exporting country. The downstream REER is 

the final-exports weighted average of exchange rates between China and its final-good buyers. 

The component-supplying REER is the component-exports weighted average of exchange rates 

between a respective component-exporting country and its component buyers. 

 

Trade is measured in United States dollars. There are reasons that trade flows should be in 

nominal and not in real terms. Measuring exports in real terms at the industry level is usually 

impossible in an empirical context. In addition, the theoretical model makes it clear that a 

representative firm takes prices as given. This assumption implies that there is no confounding in 

the price and quantity chosen by the firm. The regression captures a change in relative prices in 

REER terms. The Consumer Price Index (CPI) is used when calculating REERs. Ideally, the best 

approach would be the inclusion of data on sectoral (IPN-export) price levels rather than 

aggregate prices. However, this is usually impossible in an empirical context – particularly when 

developing countries are included in the sample. 

 

The theory suggests that changes in exchange rates create opposite changes  along the extensive 

and intensive margins of intermediate trade flow. Hence, relatively low-sensitivity of 

intermediate imports to exchange rate changes can be expected. The impacts of changes in 

exchange rates differ between intensive and extensive margins. Therefore, the net effect tends to 

be ambiguous and may differ between industries and countries. 

 

The impacts of changes in exchange rates also depend on factors such as final demand elasticity, 

and elasticity of substitution between domestic and import components. Therefore, exchange rate 

elasticities are expected to vary across sectors and countries. It is therefore important to take these 

variations into account in a model including multiple sectors and countries. The fixed effects 

estimation is used to handle these issues in the aggregate model. In addition, the model is 

estimated separately for each sector as well as for each sector-country pair in the dataset. 

Estimating sectoral models and sectoral-country models give insights into and knowledge of 
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differences in the sensitivity of trade with regard to changes in exchange rates, which can be 

useful in deriving policy implications. 

 

Section B of this chapter introduces the variables and the empirical specification. Section C 

discusses the results while section D summarizes the chapter. 

 

B.  Empirical specification and the variables 

 

The changes in China’s imports of IPN-intermediate products from selected countries are 

estimated with regard to exchange rate changes. The Sturgeon and Memodevic (2010) 

classification of customized products (intermediate and final goods) is used to identify IPN 

products. The products are classified under the 5-digit SITC Revision 3. The data on bilateral 

trade flow comes from the United Nations Commodity Trade Statistics  database.  

 

The impacts of changes in relative prices, adjusted by exchange rates, on intermediate imports by 

China from selected Asian countries are tested. The effect of changes in relative prices is captured 

by two real exchange rates in the regression: (a) the component-supplier rate; and (b) the final-

exporting-country rate.
26

 Those real exchange rates are represented in the regression as the index 

of real effective exchange rates of intermediate-exporting countries (IEER) and the real effective 

exchange rates of final-good exporting country (FEER), respectively.  

 

Because intermediate imports are a function of final demand, final exports (X) are introduced as 

another explanatory variable. In addition, other control variables are introduced that may 

influence the demand for imported inputs, such as: (a) the growth of G-3 economies to act as a 

proxy for the world economy, which may influence demand for the final goods of IPNs;
27

 (b) 

dummies to control for membership of WTO and preferential trade agreements; and (c) sector- 

and country- specific effects. 

                                                           

26
 The theoretical model makes it clear that there is a substitution effect between domestic and import 

components when there is a change in the downstream exchange rate relative to the final buyer currency. 

The substitution effect would not be captured if a simultaneous-equation econometric approach is followed 

as suggested by Banik and Das (2013) or running separate regressions as suggested by Leamer and Stern 

(1970) and Magee (1975). Those techniques would not be able to capture the substitution impacts and, 

more importantly, could produce misleading results.  

27
 The G-3 originally comprised Germany, Japan and the United States. However, the G-3 now includes the 

European Union rather than just Germany. 
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The empirical specification is in natural logarithm and has the following form: 

 tjtjtjiitjitjk XFEERIEERM lnlnlnln 321   .          (1) 

Intermediate imports by China are used to mirror intermediate exports by selected Asian 

countries to the importing country. The subscripts i,t,j and k represent a sourcing country, time 

period, a final product (industry) and an intermediate product, respectively. The variables in 

equation (1) are defined as follows: itjkM  represents China’s imports of component-k from 

industry j from country i , in year t . itjZ  is the vector of control variables that capture specific 

effects varying by countries, sectors and time dimensions. 
tjiIEER  is the real effective exchange 

rates of intermediate-exporting country i at time t for industry j against exchange rates of 

intermediate-export destinations.
tj

FEER  is the real effective exchange rate of the final-

exporting country (China) at time t for industry j against exchange rates of final destinations. 

 

The real effective exchange rate indices, 
tjiIEER and 

tj
FEER  are constructed in such a way that 

the increasing value of the indices represents a real depreciation. The real effective exchange rate 

indices are computed for each industry separately. The formula for computing these indices 

is
tjiIEER  (equation 2), which measures the movements of the real exchange rates between a 

component-exporting country i and the set of the major component-buyer countries for industry j 

at time t
28

:   

  
k

p

itj

p

ijitj rerwIEER ,  where 
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ijp

ij
X

X
w             (2) 

where p is the index for an intermediate-importing country,
29

 while 
p

itjrer  is the bilateral real 

exchange rate index of country i relative to its importing country p at time t , and 
p

ijw  is the 

weight for an intermediate-buyer country p in intermediate exports by country i  for industry 

j .
p

ijX  represents the exports of intermediate input j by country i to country p at the base 

                                                           

28
 Ideally, constructing the real effective exchange rate at component level; however, the index computed at 

product level would face a serious problem resulting from missing values due to zero bilateral trade flows 

occurring often at the highly disaggregated level of trade data. 
29

 Definitions for the subscripts i,t,, and k discussed above are also applied here.  



 

 

 47 

year.
30

tj
FEER  measures the movements of the real exchange rate between China (as the final-

exporting country) relative to its major final-importing countries for sector j at time t.
tj

FEER is 

defined as the final-exports weighed average of China’s real exchange rates relative to the 

destinations of its final exports of a given sector j (equation 3): 

  
f

f

tj

f

jtj rerwFEER , where 
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j
X

X
w             (3) 

where f is the index for a final-importing country, 
f

tjrer  is China’s bilateral real exchange rate 

index relative to its importing country f at time t ,
f

jw is the weight of a final-buyer country f  in 

final exports of China, and 
f

jX  is final exports by China to final-buyer country f of intermediate 

input j supplied by country i to country p at the base year. 

 

The results from testing for the correlation ct between 
tjiIEER  and

tj
FEER  show that the 

correlation between the two exchange rate variables is low.
31

 This could be because selected 

component-exporting countries are, in general, not a major destination of Chinese final exports.  

 

The fixed-effects models are used to estimate the import equation (1) using panel data.
32

 Based on 

insights from the theory, changes in exchange rates affect extensive and intensive margins of 

intermediate-input trade in opposite directions.  

 

Given that final exports ( tjX ) is controlled, the exchange rate coefficients measure the effects of 

changes in exchange rates on extensive-margin of intermediate exports. Based on the theory, the 

coefficient of 
tjiIEER  is expected to be positive. In other words, currency depreciation 

(appreciation) of a component-exporting country is expected to increase (decrease) the number of 

intermediate-export items. The reason is that the depreciation (appreciation) decreases (increases) 

the relative prices in a foreign currency for all components made by the country undergoing 

                                                           

30
 To ensure that changes in the effective exchange rate index reflect exchange rate movements, the weight 

term constant has been set across time. The effective exchange rates are based on exports destinations in 

the median year of the study period. 
31

 The correlation coefficients are less than the threshold of 0.5 in absolute terms.  
32

 The regression series presented in this chapter are also estimated using the random effects model to 

check  for robustness. There is no significant variation between the two specifications. In addition, the 

Hausman statistic indicates that the fixed effect approach is preferred. 
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currency depreciation. To a downstream producer, some components that were previously 

sourced from domestic production would become less (more) costly if they were imported. 

 

In contrast, the coefficient of tjFEER  is expected to be negative; i.e., depreciation (appreciation) 

of the Chinese currency relative to its final-buyer currencies is expected to decrease (increase) the 

number of intermediate items exported by selected Asian countries to the Chinese market.  

 

Another important variable is the final exports tjX . The coefficient of tjX  measures the effects of 

changes in exchange rates on the intensive margin of intermediate exports. The coefficient is 

expected to be positive. The theoretical model makes it clear that the currency depreciation 

(appreciation) of any IPN participating country is likely to increase (decrease) final exports along 

the intensive margin. The depreciation (appreciation) of an upstream currency decreases 

(increases) the cost of intermediate inputs to the final producer. In addition, the depreciation 

(appreciation) of a downstream reduces (increases) the relative price of final exports in foreign 

currency. These effects contribute to an increase (decrease) in final exports along the intensive 

margin. As a result, the effects are transmitted to intermediate exports by Asian countries because 

the Chinese imports of an IPN intermediate good is a function of China’s final exports.  

 

C.  Empirical findings 

 

Results from the fixed-effect model are presented in table 4. It should be noted that only the 

estimated coefficients of explanatory variables of interest are reported. The estimations also 

incorporate other control variables such as the growth rates of G-3 economies and the dummy 

variables that are added to control  sector-, year- and country- fixed effects as well as the effects 

of WTO memberships and trade agreements.  

  

Column (1) presents the estimation of the aggregate model. The result tends to be dominated by 

the patterns of the apparel/footwear component trade flow, which accounts for more than 50 per 

cent of the sample size. Estimations for each industry were also performed separately. The 

estimation by sector shows how IPN intermediate exports react to a change in exchange rates 

differently across industries (columns 2 to 4). 

 

The coefficient of tjX  is positive and statistically significant at the 1 per cent level. The positive 

association between final exports and intermediate exports implies apparent evidence for 
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exchange rate impacts on the intensive-margin of intermediate exports. However, trade sensitivity 

to an exchange rate change is less than one-to-one. For example, a 1 per cent increase in final 

exports by China of electronics tends to increase China’s imports of electronic components from 

Asia by 0.8 per cent. The sensitivity is lower in other sectors. One explanation for the low 

sensitivity follows on from the theoretical model that the internal requirement to allocate the 

limited firm-specific resource between several productive activities in each subsidiary could 

reduce the sensitivity of the intensive margin of exports. Another possible explanation is that the 

participation of China in upstream activities might be increasing over time and is reducing the 

country’s reliance on intermediate imports. 

 

Estimations by industry show that the 
tjiIEER and

tj
FEER  coefficients differ substantially 

across sectors. Hence, the regressions at the industry level tend to be more meaningful than the 

pooled regression. Evidence from the electronics sector appears to fit with the predictions of the 

theoretical model. The
tjiIEER  and 

tj
FEER coefficients have the expected signs, but 

the
tj

FEER coefficient is not statistically significant. Currency depreciation (appreciation) of a 

given intermediate-exporting country by 1 per cent is associated with a 1.5 per cent rise (decline) 

in its intermediate exports to China. The relationship is statistically significant at the 1 per cent 

level.  

 

In contrast, the evidence is unclear for the apparel/footwear and automotive sectors. In the case of 

intermediate apparel and footwear exports, the 
tjiIEER  coefficient has the expected positive sign 

but it is statistically insignificant. The 
tj

FEER  coefficient is statistically significant, but it has an 

unexpected positive sign. In the case of automotive component exports, all exchange rate 

coefficients are statistically significant but have unexpected signs.  

 

The positive and significant 
tj

FEER coefficient found in the case of the automobile implies that 

there tends be an expansion along the extensive margin of intermediate exports by Asian 

countries to China when the Chinese currency depreciates against the final-buyer exchange rates. 

In the other words, that the appreciations of the Chinese currency tend to reduce the items of 

component imports. A possible explanation is that during the period of the study, the Chinese 

currency was appreciating while domestic sourcing became increasingly possible. This supports 

the conjecture that China is moving up the value chain from being the downstream producer 

towards upstream stages of the production sharing (e.g., KPMG, 2012; and  Perkowski, 2008).   
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Another possible explanation for the unexpected coefficients in the automotive and the apparel-

footwear sectors is that the natures of those industries depart substantially from the model 

structure. China has not emerged as the final-assembly centre for exporting to the rest of the 

world. In the case of apparel and footwear IPNs, final assembly centres have increasingly been 

moved from China to other emerging countries in South and South-East Asia.  

 

Table 4. Fixed-effects estimations of exchange rate effects on intermediate imports by China 

from selected Asian countries, 1992-2011 

 All sectors Apparel and 

footwear 

Electronics Automotive 

 (1) (2) (3) (4) 

 ln
tjiIEER  0.104 0.00798 1.459*** -1.991*** 

 (0.60) (0.04) (3.64) (-3.86) 

ln
tj

FEER  2.207*** 0.765** -0.665 1.962*** 

 (10.52) (3.18) (-1.59) (4.81) 

ln tjX  0.876*** 0.507*** 0.841*** 0.623*** 

 (19.57) (8.03) (11.91) (8.69) 

Constant -19.72*** -7.233*** -11.79*** -3.140 

 (-10.97) (-3.34) (-3.93) (-1.06) 

Observations 20 316 11 781 5 506 3 029 

R
2
 0.168 0.022 0.353 0.221 

Adjusted R
2
 0.168 0.022 0.352 0.220 

Notes:  1. Numbers in parenthesis are the t-statistic values.  

 2. The degree of statistical significance is *** 1 per cent, ** 5 per cent and * 10 per cent. 

 

Extensions and robustness 

A series of extensions were performed on the core model. First, separate models were estimated 

for each sector and country. Table 5 shows the results from the electronics sector. In the case of 

ASEAN countries, their intermediate exports to China fit with the predictions of the theory. With 

the exception of Viet Nam, the depreciation (appreciation) of the exchange rate of a selected 

ASEAN country is associated with an increase (decrease) in intermediate exports. However, the 

impacts of final-exporting exchange rates are mixed. Component exports by Malaysia, the 

Philippines and Viet Nam tend to follow the theoretical prediction that component exports are 

likely to decrease (increase) if the Chinese final-exporting real exchange rates depreciate 

(appreciate). 

  

For other component supplying countries, their intermediate exports are not so sensitive to a 

change in real exchange rates  The Republic of Korea is an exception as there is some supporting 

evidence concerning the impacts of a change  in upstream exchange rates (
tjiIEER ) on 
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intermediate exports; i.e., component exports tend to increase (decrease) if currency depreciation 

(appreciation) occurs in the given component-exporting country. However, 

the
tj

FEER coefficient has an unexpected positive sign. These mixed results may reflect a 

difference in the nature of IPN participating countries. ASEAN may be considered as the East (a 

medium-wage country) in the theoretical model. In contrast, countries such as Japan, the Republic 

of Korea and Singapore may be too advanced to fit the same role while India appears to be 

trailing others in the Asian IPNs. 

 

Table 5. Fixed-effects estimations of exchange rate effects on intermediate electronics 

imports by China from selected Asian countries, 1992-2011 

 
ln

tjiIEER  ln
tj

FEER  ln tjX  Observations R
2
 Adjusted R

2
 

All 1.459*** -0.665 0.841*** 5 506 0.353 0.352 

       (3.64) (-1.59) (11.91)    

Advanced Asia      

Japan -0.976* 0.675 0.453** 770 0.239 0.234 

 (-2.34) (1.09) (3.21)    

Republic 

of Korea 

2.818*** 

(4.61) 

3.178** 

(3.39) 

1.031*** 

(7.29) 

 

755 

 

0.488 

 

0.484 

 

       

Singapore 2.163 1.182 0.521** 751 0.161 0.155 

 (1.33) (1.36) (2.94)    

ASEAN 5       

Indonesia 2.988*** -0.139 1.020*** 536 0.44 0.434 

 (4.32) (-0.11) (3.99)    

       

Malaysia 6.039*** -2.387* 0.813*** 687 0.588 0.585 

 (7.28) (-2.50) (6.46)    

       

Philippines 6.932*** -6.806*** 1.450*** 554 0.615 0.612 

 (5.02) (-4.19) (9.85)    

       

Thailand 4.422** 0.535 1.508*** 644 0.485 0.481 

 (3.24) (0.48) (8.25)    

       

Viet Nam -7.783 -7.956** 1.010* 298 0.371 0.361 

 (1.53) (-2.74) (2.13)    

South Asia      

India -1.001 0.656 1.101*** 511 0.331 0.324 

 (-0.36) (0.26) (4.79)    

Notes:  1. Numbers in parenthesis are the t-statistic values.  

 2. The degree of statistical significance is *** 1 per cent, ** 5 per cent and * 10 per cent. 
 3. Estimated constant terms are not reported. 
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Table 6 presents the results from the apparel/footwear sector. The exchange rates of Indonesia, 

the Republic of Korea, Malaysia, and Thailand have a significant  influence on their intermediate 

exports to China. The coefficients of 
tjiIEER  have the expected sign for those countries. A 1 per 

cent depreciation of their currencies is associated with an increase in their intermediate exports to 

China by 1 per cent (Indonesia), 2 per cent (the Republic of Korea and Thailand), and 2.5 per cent 

(Malaysia). The 
tj

FEER  coefficient is statistically significant but with an unexpected sign in 

general. As already mentioned, the unexpected positive sign of the 
tj

FEER coefficient may be 

because China has moved from downstream production towards more upstream activities while, 

at the same time, the Chinese currency was showing an appreciation trend during the period under 

study. This is particularly evident where final assemble activities for apparel/footwear IPNs have 

been increasingly moved from China to low-wage countries such as Bangladesh, Cambodia, India 

and Pakistan. 

 

Table 6. Fixed-effects estimations of exchange rate effects on intermediate 

apparel/footwear imports by China from selected Asian countries, 1992-2011 

 
ln

tjiIEER  ln
tj

FEER  ln tjX  Observations R
2
 Adjusted R

2
 

All 0.00798 0.765** 0.507*** 11 781 0.022 0.022 

 (0.04) (3.18) (8.03)    

Advanced Asia      

Japan 0.388 1.399*** 0.273*** 1 865 0.031 0.029 

 (1.53) (4.11) (3.94)    

       

Republic 

of Korea 

1.850*** 

(6.66) 

3.442*** 

(10.82) 

0.445*** 

(4.39) 

1 832 

 

0.082 

 

0.079 

 

       

Singapore -1.828 0.822 -0.465 1 143 0.059 0.055 

 (-0.89) (1.00) (-1.77)    

ASEAN 5       

Indonesia 0.930*** 0.38 0.608** 1 293 0.047 0.044 

 (3.70) (0.72) (3.09)    

       

Malaysia 2.525*** 3.060** 0.585* 1 016 0.046 0.041 

 (3.50) (3.09) (2.15)    

       

Philippines -1.275 3.040* 0.277   654 0.013 0.006 

 (-1.06) (2.11) (0.61)    

       

Thailand 1.672** 1.399* 0.864*** 1 343 0.083 0.079 

 (2.75) (2.04) (4.86)    

       

Viet Nam -3.109 1.493 1.542***   745 0.15 0.144 

 (-1.49) (0.54) (4.27)    
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South Asia      

India 0.795 -1.339 1.250*** 1 213 0.196 0.192 

 (0.73) (-1.46) 5.95)    

       

Pakistan -1.687 -1.561 0.289 677 0.018 0.01 

 (-0.75) (-1.46) (0.99)    

Notes:  1. Numbers in parenthesis are the t-statistic values.  

 2. The degree of statistical significance is *** 1 per cent, ** 5 per cent and * 10 per cent. 

 3. Estimated constant terms are not reported. 

 

The results from the automotive sector (table 7) reveal that the model based on the theoretical 

framework does not fit well with the automotive IPNs in Asia. The coefficients of 
tjiIEER  and 

tj
FEER have unexpected signs in most cases and are not significant. This is not surprising given 

the fact that China has not emerged as an export platform for the automotive industry. In addition, 

the model cannot capture potential factors shaping MNCs’ sourcing decisions on automotive 

components such as scale intensity, “just-in-time” requirements, and trade and investment 

policies. 

 

Table 7. Fixed-effects estimations of exchange rate effects on intermediate automotive 

component imports by China from selected Asian countries, 

1992-2011  

 
ln

tjiIEER  ln
tj

FEER  ln tjX  Observations R
2
 Adjusted R

2
 

All -1.991*** 1.962*** 0.623*** 3029 0.221 0.22 

 (-3.86) (4.81) (8.69)    

Advanced Asia      

Japan -1.35 0.735 0.414*** 562 0.245 0.238 

 (-1.95) (1.09) (4.69)    

       

Republic 

of Korea 

-1.693** 

(-2.98) 

0.0578 

(0.09) 

0.675*** 

(3.90) 

528 

 

0.41 

 

0.404 

 

       

Singapore -4.347 2.028** 0.304** 399 0.105 0.094 

 (-1.23) (2.96) (2.81)    

ASEAN 5       

Indonesia 1.044 2.518 0.854** 248 0.19 0.174 

 (0.86) (1.08) (3.05)    

       

Malaysia -0.953 2.349 1.166*** 349 0.264 0.253 

 (-0.34) (1.68) (5.60)    



 

 

 54 

       

Philippines -7.054 5.647** 0.277 198 0.296 0.278 

 (-1.70) (2.91) (0.64)    

       

Thailand -6.670** 1.914* 0.582** 369 0.278 0.268 

 (-3.07) (2.14) (3.26)    

       

Viet Nam -9.323 7.741* 0.342 122 0.214 0.18 

 (-1.32) (2.31) (0.93)    

South Asia      

India -7.321** 3.771 0.502 254 0.211 0.195 

 (-2.85) (1.47) (1.75)    

Notes:  1. Numbers in parenthesis are the t-statistic values.  

 2. The degree of statistical significance is *** 1 per cent, ** 5 per cent and * 10 per cent. 

3. Estimated constant terms are not reported. 

 

Table 8 shows the interaction between final exports and the final-exporting exchange rate to the 

regression in order to combine the effects of a change in the final-exporting exchange rate on the 

intensive- and extensive-margins. The theory suggests that the effects on both margins would 

partially offset each other. The coefficient of the interaction between 
tj

FEER and tjX  is positive 

and statistically significant for all industries. Based on the theory, the coefficient of 
tj

FEER  

alone is expected to be negative while the expected sign of the tjX  coefficient is positive; i.e., a 

depreciation of the Chinese currency is expected to reduce component exports by upstream 

countries along the extensive margin. In contrast, a final-export increase by China would increase 

exports of intermediates from upstream countries along the intensive margin. Thus, the 

coefficient of the interaction term reveals that the intensive margin effect tends to dominate the 

extensive margin effect of changes in exchange rates. In other words, based on the sample, 

upstream countries tend to benefit from a Chinese currency depreciation. Their intermediate 

exports to China tend to increase, even though the number of export items might decline.
33

  

 

                                                           

33
 The interaction between final exports and the intermediate-exporting exchange rate are not incorporated 

into the regressions, because the theory suggests that the extensive and intensive margins tend to move in 

the same direction if there is a change in intermediate-exporting exchange rates. Interacting the two terms 

would therefore not give any additional insight. 
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Table 8. Intensive-margin effects 

 Electronics Apparel and footwear Automotive 

 (1) (2) (3) (4) (5) (6) 

 ln
tjiIEER  1.459*** 

(3.64) 

1.434*** 

(3.59) 

0.00798 

(0.04) 

-0.0659 

(-0.38) 

-1.991*** 

(-3.86) 

-2.179*** 

(-4.14) 

       

ln 
tj

FEER * tjX   0.883*** 

(12.46) 

 0.427*** 

(7.12) 

 0.552*** 

(7.73) 

       

Constant -11.79*** -16.70*** -7.233*** -2.650* -3.140 7.028* 

 (-3.93) (-6.98) (-3.34) (-2.17) (-1.06) (2.59) 

Observations 5 506 5 506 11 781 11781 3 029 3 029 

R
2
 0.353 0.352 0.022 0.022 0.221 0.214 

Adjusted R
2
 0.352 0.352 0.022 0.021 0.220 0.213 

Notes:  1. Numbers in parenthesis are the t-statistic values.  

 2. The degree of statistical significance is *** 1 per cent, ** 5 per cent and * 10 per cent. 

 3. Estimated constant terms are not reported. 

 

To see whether the patterns discussed above are general across countries, a similar regression is 

estimated separately for each country. Tables 9, 10 and 11 present the estimations at the country 

level, which tend to support the aggregate industry-level regressions in table 5. The results 

confirm that depreciation of the Chinese currency tends, in general, to have a positive net impact 

on exports by upstream countries. 
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 Table 9. Intensive-margin effects by country – electronics 

 

Advanced Asia 

 

ASEAN 5 

 

South Asia 

 

 

Japan 

 

Republic of 

Korea 

Singapore 

 

Indonesia 

 

Malaysia 

 

Philippines 

 

Thailand 

 

Viet Nam 

 

India 

 

ln
tjiIEER  

-0.996* 2.255*** 3.076 2.999*** 5.768*** 4.473*** 4.434** -6.959 -0.603 

 (-2.43) (4.59) (1.97) (4.30) (7.20) (3.71) (3.23) (-1.44) (-0.38) 

          

ln 
tj

FEER * tjX  
0.423** 0.888*** 0.497** 1.042*** 0.971*** 1.746*** 1.496*** 0.911 1.113*** 

 (2.73) (5.43) (2.81) (4.62) (7.53) (12.24) (7.25) (1.85) (5.03) 

          

          

Constant 6.316 -19.11*** -16.71* -29.49*** -37.11*** -46.71*** 

-

41.77*** 17.04 -14.71 

 (1.84) (-5.44) (-2.06) (-4.98) (-9.69) (-6.69) (-6.62) (0.59) (-1.46) 

          

Observations 770 755 751 536 687 554 644 298 511 

R
2
 0.239 0.478 0.160 0.440 0.582 0.592 0.485 0.353 0.331 

Adjusted R
2
 0.235 0.475 0.155 0.435 0.580 0.589 0.482 0.344 0.326 

Notes:  1. Numbers in parenthesis are the t-statistic values.  

 2. The degree of statistical significance is *** 1 per cent, ** 5 per cent and * 10 per cent. 

 3. Estimated constant terms are not reported. 
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Table 10. Intensive-margin effects by country – apparel and footwear 

 Advanced Asia ASEAN 5 South Asia 

 Japan 

 

Republic 

of Korea Singapore Indonesia Malaysia Philippines Thailand Viet Nam India 

 

 

Pakistan 

ln
tjiIEER  

-0.297 0.824*** -1.559 0.905*** 2.172** -0.915 1.508* -2.427 -0.456 -1.382 

 (-1.61) (3.42) (-0.76) (3.65) (2.92) (-0.79) (2.56) (-1.34) (-0.49) (-0.61) 

           

ln 
tj

FEER * tjX  
0.179** 0.124 -0.564* 0.576** 0.248 -0.0476 0.696*** 1.489*** 1.336*** 0.507 

 (2.66) (1.31) (-2.30) (3.11) (1.01) (-0.12) (3.80) (4.46) (6.66) (1.90) 

           

           

Constant 6.150*** 1.142 21.32 -10.26** -10.17* 7.345 -15.34** -14.21 -19.82** 0.512 

 (4.70) (0.59) (1.65) (-2.77) (-2.50) (0.75) (-3.29) (-1.32) (-2.85) (0.04) 

           

Observations 1 865 1 832 1 143 1 293 1 016 654 1 343 745 1 213 677 

R
2
 0.023 0.045 0.058 0.047 0.034 0.006 0.080 0.150 0.194 0.014 

Adjusted R
2
 0.021 0.043 0.055 0.044 0.031 0.000 0.077 0.145 0.191 0.008 

Notes:  1. Numbers in parenthesis are the t-statistic values.  

 2. The degree of statistical significance is *** 1 per cent, ** 5 per cent and * 10 per cent. 

 3. Estimated constant terms are not reported. 
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Table 11. Intensive-margin effects by country – automotive 

 Advanced Asia ASEAN 5 South Asia 

 Japan 

 

Republic 

of Korea Singapore Indonesia Malaysia Philippines Thailand Viet Nam India 

ln
tjiIEER  

-1.009 -1.687** -6.235 0.468 -2.160 -8.623 -8.825** -9.204 -6.221* 

 (-1.93) (-2.91) (-1.82) (0.36) (-0.71) (-2.07) (-3.27) (-1.30) (-2.52) 

          

ln 
tj

FEER * tjX  
0.379*** 0.678*** 0.210* 0.734** 1.142*** 0.120 0.469* -0.0273 0.543 

 (3.91) (4.12) (2.28) (3.13) (5.55) (0.27) (2.51) (-0.06) (1.76) 

          

          

Constant 8.151* 5.087 29.13 -10.05 -2.911 37.21 37.28** 44.34 24.15 

 (2.69) (1.22) (1.81) (-1.55) (-0.24) (1.76) (2.80) (1.20) (1.71) 

          

Observations 562 528 399 248 349 198 369 122 254 

R
2
 0.243 0.410 0.088 0.185 0.258 0.275 0.273 0.181 0.198 

Adjusted R
2
 0.238 0.405 0.079 0.171 0.249 0.260 0.265 0.153 0.185 

Notes:  1. Numbers in parenthesis are the t-statistic values.  

 2. The degree of statistical significance is *** 1 per cent, ** 5 per cent and * 10 per cent. 

 3. Estimated constant terms are not reported. 
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D. Summary  

 

In order to understand the relationships between exchange rates and trade flows in the modern 

international trade and production environment, the effects of multiple exchange rates at multiple 

stages of production need to be taken into account. The empirical investigations in this chapter 

reveal that IPN intermediate exports by selected Asian countries tend to be affected by changes in 

exchange rates of upstream countries as well as the downstream country (China). Overall, the 

results are consistent with insights indicated by the theoretical model. A change in exchange rates 

tends to affect the scale (intensive margin) and scope (extensive margin) of intermediate exports 

within IPNs. The two effects counteract each other in some circumstances.   

 

Based on the sample from IPN intermediate exports in the apparel/footwear, automotive, and 

electronics industries of selected Asian countries to China from 1992 to 2012, a currency 

depreciation of a given upstream country tends to increase the scale and scope of its IPN-

component exports to the downstream country (China). Currency appreciations would lead to 

opposite results. 

 

It was found that currency depreciation of a downstream country does not necessarily benefit 

exports by an upstream country even if the exports are complementary. The mechanisms at play 

in the Chinese exchange rate effects are (a) the interaction between the impacts on final demands, 

and (b) substitution between imports and domestic inputs. The trade-off reduces the sensitivity of 

upstream exports to changes in downstream exchange rates. However, based on the sample, the 

final demand effects may dominate the substitution effects. Different datasets could give 

dissimilar results.  

 

It should be noted that the heterogeneity of exchange rate impacts is observed across industries 

and countries. The theoretical model appears to fit relatively well with trade flows of electronics 

IPNs. The evidence is strong when the set of upstream countries are ASEAN members.  

 

Other industries show mixed evidence. The model may need to be adjusted to fit the different 

structures found in other industries. However, there is strong evidence of an exchange rate effect 

pass-through from final demand effects to intermediate-exporting countries.  

 

Based on the evidence found by this study, the current appreciation of the Chinese currency may 

have an adverse impact on Asian industries involved in IPNs. Since 2009, Asian exchange rates 
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have, in general, been following an appreciation trend. An implication of the empirical evidence 

is, then, that the IPN participating countries in Asia may be adversely affected by the current 

movements of both upstream and downstream exchange rates.  

 

Within the context of IPN trade, IPN participating industries may be benefiting from exchange 

rate coordination between IPN participating countries. However, it should be emphasized that this 

argument is based on the context of IPN trade only. Trade and production outside the context of 

IPNs may require different exchange rate strategies. Thus, factors such as the importance of IPN 

participating industries in total exports and the production of a country determine the actual 

benefit at the aggregate level. In addition, the cross-industry analysis shows that there are 

substantial variations between IPN participating industries in production, trading partners and 

responses to exchange rate changes. Therefore, it would be challenging to search for an optimal 

area of exchange rate coordination that works for all parties in various industries. 
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Conclusion 
 

The rise of cross-border fragmentation in production that increasingly changes the patterns of 

international trade flows pose challenges to policy-making and policy analyses, including those 

involving well-known relationships between trade and exchange rate movements. 

 

Trade and exchange rate literature suggests that real exchange rates are one important variable in 

determining trade flows. The findings apply to trade in end products as well as intermediate 

products destined for use in the importing country. However, this standard conjecture is 

becoming increasingly inapplicable when the growth of cross-border fragmentation in production 

generates trade patterns in which parts and components flow from one country to another, to be 

assembled into products that are then exported rather than used domestically.  

 

Asian and Pacific countries, particularly those in East Asia, are major players in the global 

production-sharing phenomenon. Since the 1990s, IPNs have grown rapidly and integrated a 

number of Asian countries into the global value chain. China has emerged as a major assembly 

centre where intermediate inputs  from various countries are used in the production of final goods 

for export to the rest of the world. 

 

This study suggests that it is important to adjust the analytical framework to capture new trade 

patterns. A formal model guided by stylized facts describing Asian production networks has been 

developed in this study. The structure of the model presents a general feature where China is a 

major assembly centre putting together intermediate inputs from other Asian countries to create 

final products for export. Based on insights suggested by the theoretical model, this study 

presents an empirical investigation of the relationships between exchange rates and flows of IPN 

intermediate goods between China and other Asian countries. The empirical work focuses on 

flows of components in three internationally integrated industries – apparel and footwear, 

automotive and electronics –from selected Asian countries to China. The empirical evidence in 

general tends to be in line with the core features of the theoretical model. However, there are 

some variations in the results at both the industry and the country levels. The variations reflect 

specific characteristics of production networks in those sectors and countries. 

 

The evidence confirms that discussing IPN trade effects of exchange rates is not feasible without 

taking into account the multiple stages of production and multi-cross-border movements of parts 

and components. IPN exports from an upstream country are affected by movements in exchange 

rates of IPN participating countries at all stages of the value chain. In the IPNs of electronics, for 
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example, component exports by an ASEAN country tend to be affected by changes in exchange 

rates of other IPN participating countries including those that export components and final goods. 

 

International linkages in upstream and downstream demands are a major channel for exchange-

rate impacts on exports of IPN participating countries. For example, the Chinese exchange rate 

relative to the exchange rates of developed economies outside the region could affect 

intermediate exports of other Asian countries, even if there is no change in the exchange rate 

between China and its partners. When there is a change in real exchange rates of IPN 

participating countries, they face a trade-off between the effects on scale and scope of IPN 

exports. This means that the net impacts to total volume of trade tend to be ambiguous, and 

depend on specific contexts of the product and the country in question. Based on the data sample, 

an implication of the empirical results is that the recent appreciation of Asian exchange rates is 

adding a negative outlook to the export prospects of the region’s IPNs. The evidence for 

systematic relationships between IPN exports and exchange rates of IPN participating countries at 

all stages of fragmented international production, indicates that IPN participating Asian countries 

might benefit from exchange rate coordination.  

 

However, the application of these findings in macro-economic policy formation needs to take into 

account the limitations of this study. The policy implications mentioned in this study are drawn 

within the context of internationally-integrated industries. The extent to which these implications 

are applicable to total trade flows needs careful examination. For example, while the model’s 

implications may be applicable to trade flows of electronics, they may not be applicable either to 

trade flows in an industry that is not highly integrated into IPNs or to trade in homogenous 

products such as agricultural commodities and primary products. However, finding the policy 

balance that generates the optimal solution at the aggregate level is outside the scope of this 

study. In addition, general equilibrium impacts from the changes in key variables of the model are 

not included in this study.  
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Annex 1 

Lists of customized, product-specific, differentiated intermediate and final products  
 

Annex table 1. Apparel and footwear – intermediate products 

BEC SITC SITC Description ISIC ISIC description 

22 65225 Other woven fabrics of cotton, unbleached, weight <200 g/m2 1711 Preparation and spinning of textile 

fibres; weaving of textiles 22 6536 Fabrics, woven, containing 85% or more by weight of artificial staple 

fibres 

1711 

22 65112 Yarn of carded wool, containing 85% or more by weight of wool, not put 

up for retail sale 

1711 

22 65113 Yarn of combed wool, containing 85% or more by weight of wool, not put 

up for retail sale 

1711 

22 65114 Yarn of fine animal hair (carded or combed), not put up for retail sale 1711 

22 65115 Yarn of coarse animal hair or of horsehair (including gimped horsehair 

yarn), whether or not put up for retail sale 

1711 

22 65117 Yarn of carded wool containing less than 85% by weight of wool, not put 

up for retail sale 

1711 

22 65118 Yarn of combed wool containing less than 85% by weight of wool, not put 

up for retail sale 

1711 

22 65121 Cotton sewing thread, not put up for retail sale  1711 

22 65133 Cotton yarn (other than sewing thread), containing 85% or more by weight 

of cotton, not put up for retail sale 

1711 

22 65134 Cotton yarn (other than sewing thread), containing less than 85% by 

weight of cotton, not put up for retail sale 

1711 
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22 65141 Sewing thread of synthetic filaments, whether or not put up for retail sale 1711 

22 65142 Sewing thread of artificial filaments, whether or not put up for retail sale 1711 Preparation and spinning of textile 

fibres; weaving of textiles 22 65143 Sewing thread of synthetic staple fibres, whether or not put up for retail 

sale 

1711 

22 65144 Sewing thread of artificial staple fibres, whether or not put up for retail 

sale 

1711 

22 65151 Filament yarn (other than sewing thread), of nylon or other polyamides, 

not put up for retail sale 

2430 Manufacture of man-made fibres 

22 65152 Filament yarn (other than sewing thread) of polyesters, not put up for 

retail sale 

2430 

22 65159 Other synthetic filament yarn (other than sewing thread), not put up for 

retail sale 

2430 

22 65163 Other synthetic yarn, single, untwisted or with a twist not exceeding 50 

turns per metre, not put up for retail sale 

2430 

22 65164 Other synthetic yarn, single, with a twist exceeding 50 turns  per metre, 

not put up for retail sale 

2430 

22 65169 Other synthetic yarn, multiple (folded) or cabled, not put up for retail sale 1711 Preparation and spinning of textile 

fibres; weaving of textiles 

22 65172 Textured artificial filament yarn, not put up for retail sale 2430 Manufacture of man-made fibres 

22 65174 Other yarn, single, of viscose rayon, untwisted or with a twist not 

exceeding 120 turns per metre, not put up for retail sale 

2430 

22 65175 Other artificial filament yarn, single  2430 

22 65176 Other artificial filament yarn (other than sewing thread), multiple (folded) 1711 Preparation and spinning of textile 

fibres; weaving of textiles 
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or cabled, put up for retail sale 

22 65177 Artificial monofilament of 67 decitex or more and of which no cross-

sectional dimension exceeds 1 mm; strip and the like (e.g., artificial straw) 

of artificial textile materials of an apparent width not exceeding 5 mm 

2430 Manufacture of man-made fibres 

22 65182 Yarn containing >85% synthetic fibres, not for retail sale 1711 Preparation and spinning of textile 

fibres; weaving of textiles 
22 65184 Yarn containing <85% synthetic fibres, not for retail sale 1711 

22 65186 Yarn (other than sewing thread) containing 85% or more by weight of 

artificial staple fibres, not put up for retail sale 

1711 

22 65187 Yarn (other than sewing thread) of artificial staple fibres, containing less 

than 85% by weight of these fibres, not put up for retail sale 

1711 

22 65188 Synthetic monofilament of 67 decitex or more and of which no cross-

sectional dimension exceeds 1 mm; strip and the like (e.g., artificial straw) 

of synthetic textile materials of an apparent width not exceeding 5 mm 

2430 Manufacture of man-made fibres 

22 65192 Silk yarn (other than yarn spun from silk waste), not put up for retail sale 1711 Preparation and spinning of textile 

fibres; weaving of textiles 
22 65221 Woven fabrics containing >85% cotton, unbleached, weight <200 g/m2 1711 

22 65222 Woven fabrics containing >85% cotton, unbleached, weight >200 g/m2 1711 

22 65223 Woven cotton fabrics containing <85% cotton unbleached, mixed mainly 

or solely with man-made fibres weight <200 g/m2 

1711 

22 65224 Woven cotton fabrics containing <85% cotton unbleached weight >200 

g/m2 

1711 
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22 65225 Other woven fabrics of cotton, unbleached, weight <200 g/m2 1711 

22 65226 Other woven fabrics of cotton, unbleached, weight >200 g/m2 1711 

22 65231 Other woven fabrics, >85% cotton, weight <200 g/m2, bleached 1711 

22 65232 Other woven fabrics, >85% cotton, weight <200 g/m2, dyed 1711  

22 65233 Other woven fabrics, >85% cotton, weight <200 g/m2, of yarns of 

different colours  

1711 Preparation and spinning of textile 

fibres; weaving of textiles 

22 65234 Other woven fabrics, >85% cotton, weight <200 g/m2, printed  1711  

22 65241 Other woven fabrics, >85% cotton, weighing more than 200 g/m2, 

bleached 

1711 

22 65242 Other woven fabrics, >85% cotton, weighing more than 200 g/m2, dyed 1711 

22 65243 Other woven fabrics, >85% cotton, weighing more than 200 g/m2, denim 1711 

22 65244 Other woven fabrics, >85% cotton, weighing more than 200 g/m2, of 

yarns of different colours 

1711 

22 65245 Other woven fabrics, >85% cotton, weighing more than 200 g/m2, printed 1711 

22 65251 Other woven cotton fabrics, <85% of cotton, bleached  1711 

22 65252 Other woven cotton fabrics,<85% of cotton, dyed 1711 

22 65253 Other woven cotton fabrics,<85% of cotton, of different colours 1711 

22 65254 Other woven cotton fabrics, <85% of cotton, printed 1711 
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22 65261 Other woven cotton fabrics, <85% of cotton, bleached 1711 

22 65262 Other woven cotton fabrics, <85% of cotton, dyed 1711 

22 65263 Other woven cotton fabrics, <85% of cotton, denim 1711 

22 65264 Other woven cotton fabrics, <85% of cotton, of different colours 1711 Preparation and spinning of textile 

fibres; weaving of textiles 

 
22 65265 Other woven cotton fabrics, <85% of cotton, printed 1711 

22 65291 Other woven fabrics of cotton, bleached, <200 g/m2 1711 

22 65292 Other woven fabrics of cotton, dyed, <200 g/m2 1711 

22 65293 Other woven fabrics of cotton, of yarns of different colours, <200 g/m2 1711 

22 65294 Other woven fabrics of cotton, printed, <200 g/m2 1711 

22 65295 Other woven fabrics of cotton, bleached, weighing more than 200 g/m2 1711 

22 56296 Other woven fabrics of cotton, dyed, weighing more than 200 g/m2 1711 

22 65297 Other woven fabrics of cotton, of yarns of different colours, weighing 

more than 200 g/m2 

1711 

22 65298 Other woven fabrics of cotton, printed, weighing more than 200 g/m2 1711 

22 65314 Other woven fabrics, containing 85% or more by weight of filaments of 

nylon or other polyamides 

1711 

22 65315 Other woven fabrics, containing 85% or more by weight of polyester 

filaments 

1711 
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22 65616 Other woven fabrics, containing 85% or more by weight of non-textured 

polyester filaments 

1711 

22 65317 Other woven fabrics, containing 85% or more by weight of synthetic 

filaments, n.e.s. 

1711 

22 65318 Other woven fabrics, <85% of synthetic filaments, mixed mainly or solely 

with cotton 

1711 Preparation and spinning of textile 

fibres; weaving of textiles 

22 65319 Woven fabrics of synthetic filaments, n.e.s. 1711  

22 65321 Fabrics, woven, of synthetic staple fibres, containing 85% or more by 

weight of such fibres (other than pile and chenille fabrics) of polyester 

staple fibres 

1711 

22 65325 Fabrics, woven, of synthetic staple fibres, containing 85% or more by 

weight of such fibres (other than pile and chenille fabrics) of acrylic or 

modacrylic staple fibres 

1711 

22 65329 Fabrics, woven, of other synthetic staple fibres, containing 85% or more 1711 

22 65331 Fabrics, woven, of synthetic staple fibres, containing less than 85% by 

weight of such fibres, mixed mainly or solely with cotton (other than pile 

and chenille fabrics) of a weight not exceeding 170 g/m2, of polyester 

staple fibres 

1711 

22 65332 Fabrics, woven, of a weight not exceeding 170 g/m2, of other synthetic 

staple fibres 

1711 

22 65333 Fabrics, woven, of a weight exceeding 170 g/m2, of polyester staple fibres 1711 
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22 65334 Fabrics, woven, of a weight exceeding 170 g/m2, of other synthetic staple 1711 

22 65341 Fabrics, woven, <85% of synthetic fibres, mixed with wool or animal hair 1711 

22 65342 Fabrics, woven, <85% of synthetic fibres, mixed with manmade filaments 1711 

22 65343 Fabrics, woven, <85% of synthetic fibres, mixed with other fibres 1711 

22 65352 Other fabrics, woven, containing 85% or more by weight of artificial 

filament or strip or the like (other than pile and chenille fabrics) 

1711 

22 65359 Fabrics, woven, of artificial filament yarn, n.e.s. 1711 Preparation and spinning of textile 

fibres; weaving of textiles  

 
22 65381 Fabrics, woven, <85% of artificial fibres, mixed with cotton 1711 

22 65382 Fabrics, woven, <85% of artificial fibres, mixed with wool and animal 

hair 

1711 

22 65383 Fabrics, woven, <85% of artificial fibres, mixed with manmade filaments 1711 

22 65389 Fabrics, woven, <85% of artificial fibres, mixed with other materials 1711 

22 65411 Fabrics of noil silk 1711 

22 65413 Other silk fabrics containing 85% or more by weight of silk or of silk 

waste (other than noil silk) 

1711 

22 65419 Other silk fabrics 1711 

22 65421 Fabrics, of carded wool or of carded fine animal hair, containing 85% or 

more by weight of wool or of fine animal hair (other than pile and chenille 

fabrics) 

1711 



 

 

 77 

22 65422 Fabrics, of combed wool or fine animal hair, containing 85% or more by 

weight of wool or of fine animal hair (other than pile and chenille fabrics) 

1711 

22 65431 Fabrics, woven, of carded wool/animal hair, <85% wool m/w filaments or 

with man-made staple fibres 

1711 

22 65432 Fabrics, woven, of combed wool/animal hair, <85% wool m/w filaments 

or with man-made staple fibres 

1711 

22 65433 Fabrics, woven, of carded wool/animal hair, <85% wool m/w other 

materials 

1711 

22 65434 Fabrics, woven, of combed wool/animal hair, <85% wool m/w other 

materials 

1711 

22 65492 Fabrics, woven, of coarse animal hair or of horsehair 1711 Preparation and spinning of textile 

fibres; weaving of textiles 
22 65493 Fabrics, woven, of vegetable textile fibres, n.e.s.; woven fabrics of paper 

yarn 

1711 

22 65521 Other knitted or crocheted fabrics, not impregnated, width <30 cm 1730 Manufacture of knitted and 

crocheted fabrics and articles 
22 65522 Other knitted or crocheted fabrics, not impregnated, width >30 cm 1730 

22 65523 Other fabrics, warp knit (including those made on galloon-knitting 

machine 

1730 

22 65529 Knitted or crocheted fabrics, n.e.s. 1730 

22 65612 Other narrow woven fabrics, containing by weight 5% or more of 

elastomeric yarn or rubber thread 

1729 Manufacture of other textiles n.e.c. 
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22 65613 Other narrow woven fabrics 1729 

22 65621 Labels, badges of textile, cut to shape, woven, not embroidered 1729 

22 65629 Labels, badges of textile, cut to shape, not woven, not embroidered 1729 

22 65642 Lace, mechanically made 1729 

22 65643 Lace, handmade 1729 

22 65761 Hat forms, hat bodies and hoods of felt, neither blocked to shape nor with 

made brims; plateaux and manchons (including slit manchons), of felt 

1810 Manufacture of wearing apparel, 

except fur apparel 

22 65762 Hat shapes, plaited or made by assembling strips of any material, neither 

blocked to shape nor with made brims, nor lined nor trimmed 

1810  

22 84848 Headbands, linings, covers, hat foundations, hat frames, peaks and chin-

straps, for headgear 

1810 Manufacture of wearing apparel, 

except fur apparel 

62 

8519 Parts of footwear (including uppers, whether or not attached to soles other 

than outer soles); removable insoles, heel cushions and similar articles; 

gaiters, leggings and similar articles, and parts thereof 

1920 Manufacture of footwear 

 

 

Annex table 2. Apparel and footwear: Final products 

BEC SITC SITC Description ISIC ISIC description 

62 85111 Waterproof footwear incorporating a protective metal toecap, with outer 

soles and uppers of rubber or of plastics 
1920 

Manufacture of footwear 
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62 85113 Footwear, non-waterproof, incorporating a protective metal toecap, with 

outer soles and uppers of rubber or plastics 

1920 

62 85115 Footwear, non-waterproof, incorporating a protective metal toecap, with 

outer soles of rubber, plastics, leather or composition leather and uppers 

of leather 

1920 

62 85121 Ski boots and cross-country ski footwear, with outer soles and uppers of 

rubber or plastics 

1920 

62 85122 Ski boots and cross-country ski footwear, with outer soles of rubber, 

plastics, leather or composition leather and uppers of leather 

1920 

62 85123 Other sports footwear, with outer soles and uppers of rubber or plastics 1920 

62 85124 Other sports footwear, with outer soles of rubber, plastics, leather or 

composition leather and uppers of leather 

1920 

62 85125 Tennis shoes, basketball shoes, gym shoes, training shoes and the like 

and other sports footwear with outer soles of rubber or plastics and 

uppers of textile materials 

1920 

62 85131 Other waterproof footwear, the uppers of which are neither fixed to the 

sole nor assembled by stitching, riveting, nailing, screwing, plugging or 

similar processes 

1920 Manufacture of footwear 

62 85132 Other footwear, n.e.s., with outer soles and uppers of rubber or plastics 1920  

62 85141 Footwear with outer soles of leather and uppers which consist of leather 1920 

62 85142 Footwear made on a base or platform of wood, not having an inner sole 1920 
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or a protective metal toecap 

62 85148 Footwear, n.e.s., with uppers of leather or composition leather and outer 

soles of leather 

1920 

62 85149 Footwear with uppers of leather or composition leather, n.e.s. 1920 

62 85151 Footwear with outer soles of rubber or plastics and uppers of textile 

materials 

1920 

62 85152 Footwear with outer soles of leather or composition leather and uppers 

of textile materials 

1920 

62 85159 Footwear with uppers of textile materials, n.e.s. 1920 

62 8517 Footwear, n.e.s. 
1920 

62 8453 Jerseys, pullovers, cardigans, waistcoats and similar articles, knitted or 

crocheted 
1730 

Manufacture of knitted and 

crocheted fabrics and articles 

63 8454 T-shirts, singlets and other vests, knitted or crocheted 1730 

63 84621 Pantyhose and tights, knitted or crocheted 1730 

63 84622 Women‘s full-length or knee-length hosiery, measuring per single yarn 

less than 67 decitex 

1730 

63 84629 Other hosiery, knitted or crocheted 1730 Manufacture of knitted and 

crocheted fabrics and articles 

62 84111 Overcoats, raincoats, car coats, capes, cloaks and similar articles, of 

wool or fine animal hair, men’s or boys’ 
1810 

Manufacture of wearing apparel, 

except fur apparel 
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62 84112 Overcoats, raincoats, car coats, capes, cloaks and similar articles, of 

textile materials other than wool or fine animal hair, men’s or boys’ 

1810 

62 84119 Other outer garments, n.e.s., men’s or boys’ (not of 841.2, heading 

841.3) 

1810 

62 84121 Suits, men’s or boys’, of wool or fine animal hair, not knitted or 

crocheted 

1810 

62 84122 Suits, men’s or boys’, of textile materials other than wool or fine animal 

hair 

1810 

62 84123 Ensembles, men’s or boys’ (not of 845.2), of textile materials, not 

knitted or crocheted 

1810 

62 8413 Jackets and blazers, men’s or boys’, of textile materials, not knitted or 

crocheted 

1810 

62 8414 Trousers, bib and brace overalls, breeches and shorts, men’s or boys’ 1810 

62 84151 Shirts, men’s or boys’, of cotton, not knitted or crocheted 1810 

62 84159 Shirts, other textile materials 1810 

63 84161 Underpants and briefs, men’s or boys’, not knitted or crocheted 1810 

63 84162 Nightshirts and pyjamas, men’s or boys’, not knitted or crocheted 1810 

63 84169 Other underwear and nightwear, men’s or boys’, not knitted or crocheted 1810 

62 84211 Overcoats, raincoats, car coats, capes, cloaks and similar articles, 

women’s or girls’ 

1810 Manufacture of wearing apparel, 

except fur apparel 
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62 84222 Ensembles, women’s or girls’, of textile materials, not knitted or 

crocheted 

1810  

62 8423 Jackets and blazers, women’s or girls’, of textile materials, not knitted 1810 

62 8424 Dresses, women’s or girls’, of textile materials, not knitted or crocheted 1810 

62 8425 Skirts and divided skirts, women’s or girls’, of textile materials, not 

knitted or crocheted 

1810 

62 8426 Trousers, bib and brace overalls, breeches and shorts, women’s or girls’, 

not knitted or crocheted 

1810 

62 8427 Blouses, shirts and shirt-blouses, women’s or girls’, of textile material, 

not knitted or crocheted 

1810 

63 84281 Slips and petticoats, women’s or girls’, of textile materials, not knitted or 

crocheted 

1810 

63 84282 Nightdresses and pyjamas, women’s or girls’, of textile materials, not 

knitted or crocheted 

1810 

63 84289 Other underwear and nightwear, women’s or girls’, of textile materials, 

not knitted or crocheted 

1810 

62 8431 Overcoats, car coats, capes, cloaks, anoraks (including ski jackets), 

windcheaters, wind jackets and similar articles (other than those of 

heading 843.23) 

1810 

62 84321 Suits, men’s or boys’, of knitted or crocheted textile materials 1810 

62 84322 Ensembles, men’s or boys’, of knitted or crocheted textile materials 1810 



 

 

 83 

62 84323 Jackets and blazers, men’s or boys’, of knitted or crocheted textile 

fabrics 

1810 

62 84324 Trousers, bib and brace overalls, breeches and shorts, men’s or boys’, of 

knitted or crocheted textile fabrics 

1810 Manufacture of wearing apparel, 

except fur apparel 

62 84371 Shirts, men’s or boys’, knitted or crocheted of cotton 1810 

62 84379 Shirts, men’s or boys’, knitted or crocheted of textile materials other 

than cotton 

1810 

63 84381 Underpants and briefs, men’s or boys’, knitted or crocheted of textile 

materials 

1810 

63 84382 Nightshirts and pyjamas, men’s or boys’, knitted or crocheted of textile 

materials 

1810 

63 84389 Other underwear and nightwear, men’s or boys’, knitted or crocheted of 

textile materials 

1810 

62 8441 Overcoats, car coats, capes, cloaks, anoraks (including ski jackets), 

windcheaters, wind jackets and similar articles 

1810 

62 84421 Suits, women’s or girls’, knitted or crocheted of textile materials 1810 

62 84422 Ensembles, women’s or girls’, knitted or crocheted of textile materials 1810 

62 84423 Jackets and blazers, women’s or girls’, knitted or crocheted of textile 

materials 

1810 

62 84424 Dresses, women’s or girls’, knitted or crocheted of textile materials 1810 
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62 84425 Skirts and divided skirts, women’s or girls’, knitted or crocheted of 

textile materials 

1810 

62 84426 Trousers, bib and brace overalls, breeches and shorts, women’s or girls’ 1810 

62 8447 Blouses, shirts and shirt-blouses, women’s or girls’, knitted or crocheted 

of textile materials 

1810 

63 84481 Slips and petticoats, women’s or girls’, knitted or crocheted of textile 

materials 

1810 
Manufacture of wearing apparel, 

except fur apparel 

63 84482 Briefs and panties, women’s or girls’, knitted or crocheted of textile 

materials 

1810  

63 84483 Nightdresses and pyjamas, women’s or girls’, knitted or crocheted of 

textile materials 

1810 

63 84489 Other underwear and nightwear, women’s and girls’, knitted or 

crocheted of textile materials 

1810 

62 84511 Babies’ garments and clothing accessories, not knitted or crocheted of 

textile materials 

1810 

62 84512 Garments made up of fabrics of subgroup 657.1 (felt) or heading 657.2 1810 

62 84521 Men’s and boy’s garments made up of fabrics (not knitted or crocheted) 

of headings 657.32, 657.33, or 657.34 

1810 

62 84523 Women’s or girls’ garments made up of fabrics (not knitted or 

crocheted) 

1810 
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62 84524 Garments made up of knitted or crocheted fabrics of headings 657.32, 

657.33, or 657.34 

1810 

63 84551 Brassieres 1810 

63 84552 Girdles, corsets, braces, suspenders, garters and similar articles 1810 

62 84561 Swimwear, men’s or boys’, not knitted or crocheted 1810 

62 84562 Swimwear, men’s or boys’, knitted or crocheted 1810 

62 84563 Swimwear, women’s or girls’, not knitted or crocheted 1810 

62 84564 Swimwear, women’s or girls’, knitted or crocheted 1810 

62 84581 Ski suits, not knitted or crocheted 1810 Manufacture of wearing apparel, 

except fur apparel 
62 84587 Articles of apparel, men’s or boys’, n.e.s., not knitted or crocheted 1810 

62 84589 Articles of apparel, women’s or girls’, n.e.s., not knitted or crocheted 1810 

62 84591 Track suits, knitted or crocheted 1810 

62 84592 Ski suits, knitted or crocheted 1810 

62 84599 Garments, knitted or crocheted, n.e.s. 1810 

63 84611 Handkerchiefs, not knitted or crocheted 1810 

63 84612 Shawls, scarves, mufflers, mantillas, veils and the like, not knitted or 

crocheted 

1810 

63 84613 Ties, bow-ties and cravats, not knitted or crocheted 1810 
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63 84614 Gloves, mittens and mitts, not knitted or crocheted 1810 

63 84619 Other made-up clothing accessories; parts of garments or of clothing 

other than that of subgroup 845.5 

1810 

63 84691 Gloves, knitted or crocheted of textile materials, impregnated, coated or 

covered with plastics or rubber 

1810 

63 84692 Other gloves, mittens and mitts, knitted or crocheted 1810 

62 

 

84693 Shawls, scarves, mufflers, mantillas, veils and the like, knitted or 

crocheted 

1810 

62 
84694 Ties, bow-ties and cravats, knitted or crocheted 1810 Manufacture of wearing apparel, 

except fur apparel 

63 

84699 Made-up clothing accessories, n.e.s.; parts of garments or of clothing 

accessories 

1810 

62 84811 Articles of apparel, of leather or of composition leather (not including 

gloves, mittens and mitts of heading 894.77) 

1810 

62 84812 Gloves, mittens and mitts, not designed for use in sports, of leather or of 

composition leather 

1810 

62 84813 Belts and bandoliers, of leather or of composition leather 1810 

62 84819 Other clothing accessories, of leather or of composition leather 1810 

62 84841 Felt hats and other felt headgear, made from the hat bodies, hoods or 

plateaux of heading 657.61, whether or not lined or trimmed 

1810 
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62 84842 Hats and other headgear, plaited or made by assembling strips of any 

material, whether or not lined or trimmed, or made up from lace, felt or 

other textile fabric in the piece (but not in strips), whether or not lined or 

trimmed; hairnets of any material, whether or not lined or trimmed 

1810 

62 84843 Hats and other headgear, knitted or crocheted, or made up from lace, felt 

or other textile fabric in the piece (but not in strips), whether or not lined 

or trimmed; hairnets of any material, whether or not lined or trimmed 

1810 

62 84849 Headgear, n.e.s., of materials other than rubber or plastics 1810 1810 
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Annex table 3. Electronics – intermediate products 

BEC SITC SITC Description ISIC ISIC description 

42 76493 Parts and accessories suitable for use solely or principally with the 

apparatus and equipment of groups 761 and 762 and subgroups 764.3 

and 764.8 

3210 Manufacture of radio, television and  

communication equipment and 

apparatus 

42 7722 Printed circuits 3210 

42 77231 Fixed carbon resistors, composition- or film-type 3210 

42 77232 Other fixed resistors 3210 

42 77233 Wire-wound variable resistors (including rheostats and 

potentiometers) 

3210 

42 77235 Other variable resistors (including rheostats and potentiometers) 3210 

42 77238 Parts for the electrical resistors of subgroup 772.3 3210 

42 77611 Television picture tubes, cathode-ray (including video monitor 

cathode-ray tubes), colour 

3210 

42 77612 Television picture tubes, cathode-ray (including video monitor 

cathode-ray tubes), black and white or other monochrome 

3210 

42 77621 Television camera tubes; image converters and intensifiers; other 

photocathode tubes 

3210 

42 77623 Other cathode-ray tubes 3210 
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42 77625 Microwave tubes (excluding grid-controlled tubes) 3210 

42 77627 Other valves and tubes 3210 Manufacture of radio, television and  

communication equipment and 

apparatus 42 77629 Parts of the tubes and valves of subgroups 776.1 and 776.2 3210 

42 77631 Diodes, other than photosensitive or light-emitting diodes 3210  

42 77632 Transistors (excluding photosensitive transistors) with a dissipation 

rate of less than one watt 

3210  

42 77633 Transistors (excluding photosensitive transistors) with a dissipation 

rate of one watt or more 

3210  

42 77635 Thyristors, diacs and triacs (excluding photosensitive devices) 3210  

42 77637 Photosensitive semiconductor devices; light-emitting diodes 3210  

42 77639 Other semiconductor devices 3210  

42 77641 Digital monolithic integrated units 3210  

42 77643 Non-digital monolithic integrated units 3210  

42 77645 Hybrid integrated circuits 3210  

42 77649 Other electronic integrated circuits and micro-assemblies 3210  

42 77681 Piezoelectric crystals, mounted 3210  

42 77688 Parts of the devices of subgroup 776.3 and of the mounted 

piezoelectric crystals of item 776.81 

3210  
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42 77689 Parts of the articles of subgroup 776.4 3210 Manufacture of radio, television and  

communication equipment and 

apparatus 

42 77869 Parts of electrical capacitors 3210  

42 76491 Parts and accessories suitable for use solely or principally with the 

apparatus of subgroup 764.1 

3220 Manufacture of television and radio 

transmitters and apparatus for line 

telephony and line telegraphy 

42 76492 Parts and accessories suitable for use solely or principally with 

apparatus and equipment of subgroup 764.2 

3220  

42 76499 Parts and accessories suitable for use solely or principally with the 

apparatus falling within group 763 

3220  

42 77423 X-ray tubes 3311 Manufacture of medical and 

surgical equipment and orthopedic 

appliances 

42 77429 Other apparatus based on the use of alpha, beta or gamma radiations, 

whether or not for medical, surgical, dental or veterinary uses 

3311  

42 7599 Parts, data processors, machinery, etc. 3000 Manufacture of office, accounting 

and computing machinery 

42 75991 Parts and accessories of the machines of subgroup 751.1 (other than 

covers, carrying cases and the like) 

3000  

42 75993 Parts and accessories of the machines of subgroup 751.9 (other than 

covers, carrying cases and the like) 

3000  

42 75997 Parts and accessories for the machines of group 752 (other than 3000  
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covers, carrying cases and the like) 

42 7591 Parts and accessories of the photocopying and thermo-copying 

apparatus of subgroup 751.3 

3000  

42 76491 Parts and accessories suitable for use solely or principally with the 

apparatus of subgroup 764.1 

3220 Manufacture of television and radio 

transmitters and apparatus for line 

telephony and line telegraphy 

41 
76423 Loudspeakers, not mounted in their enclosures 3220  

42 

76492 Parts and accessories suitable for use solely or principally with the 

apparatus and equipment of subgroup 764.2 

3220  

 

76499 Parts and accessories suitable for use solely or principally with the 

apparatus falling within group 763 

3220  

42 87319 Parts and accessories of gas, liquid or electricity meters 3312 Manufacture of instruments and 

appliances for measuring, checking, 

testing, navigating and other 

purposes, except industrial process 

control 

42 87329 Parts and accessories of the articles of subgroup 873.2 3312  

42 87412 Parts and accessories of navigational instruments and appliances 3312  

42 87454 Parts and accessories for the machines and appliances of heading 

874.53 

3312  

42 87479 Parts and accessories for the instruments and apparatus of subgroup 

874.7 

3312  



 

 

 92 

42 8749 Parts and accessories for machines, appliances, instruments and 

apparatus 

3312  

42 87469 Parts and accessories for automatic regulating or controlling 

instruments 

3313 Manufacture of industrial process 

control equipment 
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Annex table 4. Electronics – final products 

BEC SITC SITC Description ISIC ISIC description 

61 89961 Hearing-aids (excluding parts and accessories) 3311 Manufacture of medical and 

surgical equipment and orthopedic 

appliances 

61 89967 Pacemakers for stimulating heart muscles (excluding parts and 

accessories) 

3311  

61 89969 Appliances, n.e.s., which are worn or carried or implanted in the body to 

compensate for a defect or a disability 

3311  

61 88111 Photographic (other than cinematographic) cameras 3320 Manufacture of optical instruments 

and photographic equipment 

61 88132 Image projectors, n.e.s. 3320  

61 88531 Wrist-watches, battery or accumulator powered, whether or not 

incorporating a stopwatch facility 

3330 Manufacture of watches and clocks 

61 88532 Other wrist-watches, whether or not incorporating a stopwatch facility, 

whether or not incorporating a stopwatch facility 

3330  

61 88539 Pocket watches and other watches (not wristwatches), with case of 

precious metal or of metal clad with precious metal 

3330  

61 88541 Wrist-watches, battery or accumulator powered, whether or not 

incorporating a stopwatch facility 

3330  
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61 88542 Other wrist-watches, whether or not incorporating a stopwatch facility, 

not of 885.3 

3330  

61 88549 Pocket-watches and other watches (not wristwatches), not of 885.39 3330  

61 88572 Clocks with watch movements (excluding clocks of heading 885.71), 

battery or accumulator powered 

3330 Manufacture of watches and clocks 

61 88573 Other clocks with watch movements (excluding clocks of heading 

885.71) 

3330  

61 88574 Alarm clocks, battery, accumulator or mains powered 3330  

61 88575 Other alarm clocks 3330  

61 88576 Wall clocks, battery, accumulator or mains powered 3330  

61 88577 Other wall clocks 3330  

61 88578 Other clocks, battery, accumulator or mains powered 3330  

61 88579 Clocks, n.e.s. 3330 Manufacture of watches and clocks 

61 89813 Pianos (including automatic pianos); harpsichords and other keyboard 

stringed instruments 

3692 Manufacture of musical instruments 

61 89821 Keyboard pipe-organs; harmoniums and similar keyboard instruments 

with free metal reeds 

3692  

61 89822 Accordions and similar instruments; mouth-organs 3692  

61 89824 Percussion musical instruments (e.g., drums, xylophones, cymbals, 3692  
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castanets, maracas) 

61 89825 Keyboard instruments (other than accordions), the sound of which is 

produced or must be amplified electrically (e.g., organs) 

3692  

61 89826 Musical instruments, n.e.s., the sound of which is produced or must be 

amplified electrically (e.g., guitars, accordions) 

3692  

61 89829 Music boxes, fairground organs, mechanical street organs, mechanical 

singing birds, musical saws and other musical instruments, n.e.s.; decoy 

calls of all kinds; whistles, call horns and other mouth-blown sound 

signalling instruments 

  

41 72655 Sheet-fed office-type offset printing machinery (sheet size not exceeding 

22 x 36 cm) 

3000 Manufacture of office, accounting 

and computing machinery 

41 75113 Automatic typewriters; word processing machines 3000  

41 75115 Other electric typewriters, <12 kg (excluding case) 3000  

41 75116 Other electric typewriters 3000  

41 75118 Non-electric typewriters, <12 kg (excluding case) 3000  

41 75119 Other non-electric typewriters 3000  

41 75121 Electronic calculators capable of operation without an external source of 

power 

3000  

41 75122 Other calculating machines 3000  
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41 75123 Accounting machines (including bookkeeping machines) 3000  

41 75124 Cash registers 3000  

41 75128 Postage-franking, ticket-issuing and similar machines, incorporating a 

calculating device 

3000  

41 75131 Electrostatic photocopying apparatus operating by reproducing the 

original image directly onto the copy (direct process) 

3000  

41 75132 Electrostatic photocopying apparatus operating by reproducing the 

original 

3000 
Manufacture of office, accounting 

and computing machinery 

41 75133 Non-electrostatic photocopying apparatus incorporating an optical 

system 

3000 

 

41 75134 Non-electrostatic photocopying apparatus of the contact type 3000 
 

41 75135 Thermo-copying apparatus 3000 
 

41 75191 Duplicating machines 3000 
 

41 75192 Addressing machines and address-plate embossing Machines 3000 
 

41 75193 Machines for sorting or folding mail or for inserting mail in envelopes or 

bands, machines for opening, closing or sealing mail and machines for 

affixing or cancelling postage stamps 

3000 

 

41 75199 Office machines, n.e.s. 3000 
 

41 7521 Analogue or hybrid (analogue-digital) data processing machines 3000 
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41 7522 Digital automatic data processing machines, containing in the same 

housing 

3000 

 

41 7523 Digital processing units, whether or not presented with the rest of a 

system 

3000 

 

41 7526 Input or output units for automatic data processing machines, whether or 

not presented with the rest of a system and whether or not containing 

storage units in the same housing 

3000 

 

41 7527 Storage units, whether or not presented with the rest of a system 3000 
 

41 7529 Data processing equipment, n.e.s. 3000 Manufacture of office, accounting 

and computing machinery 

41 76381 Video-recording or reproducing apparatus, whether or not incorporating 

a video tuner 

3220 

Manufacture of television and radio 

transmitters and apparatus for line 

telephony and line telegraphy 

41 7641 Electrical apparatus for line telephony or line telegraphy (including such 

apparatus for carrier current line systems) 

3220 

 

41 76411 Telephone sets 3220 
 

41 76413 Teleprinters 3220 
 

41 76415 Telephonic or telegraphic switching apparatus 3220 
 

41 76417 Other apparatus, for carrier-current line systems 3220 
 

41 76419 Other telephonic or telegraphic apparatus 3220 
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41 76431 Transmission apparatus 3220 
 

41 76432 Transmission apparatus incorporating reception apparatus 3220 
 

41 76482 Television cameras 3220 
 

61 

7611 Television receivers, colour (including video monitors and video 

projectors), whether or not incorporating radio-broadcast receivers or 

sound or video-recording or reproducing apparatus 

3220 

 

41 

7612 Television receivers, black and white or other monochrome (including 

video monitors and video projectors), whether or not incorporating 

radiobroadcast receivers or sound- or video-recording or reproducing 

apparatus 

3220 

 

53 

76211 Radio-broadcast receivers not capable of operating without an external 

source of power, of a kind used in motor vehicles (including apparatus 

capable of receiving radio-telephony or radio-telegraphy) incorporating 

sound-recording or reproducing apparatus 

3220 Manufacture of television and radio 

transmitters and apparatus for line 

telephony and line telegraphy 

53 

76212 Radio-broadcast receivers not capable of operating without an external 

source of power, of a kind used in motor vehicles (including apparatus 

capable of receiving radio-telephony or radio-telegraphy) not 

incorporating sound-recording or reproducing apparatus 

3220 

 

61 

76221 Radio-broadcast receivers capable of operating without an external 

source of power (including apparatus capable of receiving radio-

telephony or radio-telegraphy) incorporating sound-recording or 

reproducing apparatus 

3220 
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61 

76222 Radio-broadcast receivers capable of operating without an external 

source of power (including apparatus capable of receiving radio-

telephony or radio-telegraphy) not incorporating sound-recording or 

reproducing apparatus 

3220 

 

41 

76281 Other radio-broadcast receivers (including apparatus capable of 

receiving radio-telephony or radio-telegraphy) incorporating sound-

recording or reproducing apparatus 

3220 

 

41 76282 Other radio-broadcast receivers (including apparatus capable of 

receiving radio-telephony or radio-telegraphy) not incorporating sound-

recording or reproducing apparatus but combined with a clock 

3220 

 

41 76289 Other radio-broadcast receivers (including apparatus capable of 

receiving radio-telephony or radio-telegraphy) not incorporating sound-

recording or reproducing apparatus nor with a clock 

3220 

 

41 76331 Record-players, coin- or disc-operated 3220 
 

41 76333 Other record-players 3220 
 

41 76335 Turntables (record-decks) 3220 Manufacture of television and radio 

transmitters and apparatus for line 

telephony and line telegraphy 

41 76381 Video-recording or reproducing apparatus, whether or not incorporating 

a video tuner 

3220 

 

41 76382 Transcribing machines 3220 
 

61 
76383 Other sound-reproducing apparatus 3220 
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41 76384 Sound-recording apparatus, whether or not incorporating a sound-

reproduction 

3220 

 

41 76421 Microphones and stands therefore 3220 
 

41 76422 Loudspeakers, mounted in their enclosures 3220 
 

41 76424 Headphones, earphones and combined microphone/speaker sets 3220 
 

41 76425 Audio-frequency electric amplifiers 3220 
 

41 76426 Electric sound amplifier sets 3220 
 

41 76481 Reception apparatus for radio-telephony or radiotelegraphy, n.e.s. 3220 
 

41 77411 Electrocardiographs 

3311 

Manufacture of medical and 

surgical equipment and orthopedic 

appliances 

41 77412 Other electro-diagnostic apparatus (including apparatus for functional 

exploratory examination or for checking physiological parameters) 

3311 

 

41 77413 Ultraviolet or infrared ray apparatus 3311 Manufacture of medical and 

surgical equipment and orthopedic 

appliances 

41 77421 Apparatus based on the use of X-rays, whether or not for medical, 

surgical, dental or veterinary uses (including radiography or radiotherapy 

apparatus) 

3311 

 

41 77422 Apparatus based on the use of alpha, beta or gamma radiations, whether 

or not for medical, surgical, dental or veterinary uses (including 

3311 
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radiography or radiotherapy apparatus) 

42 
77423 X-ray tubes 3311 

 

42 

77429 Other apparatus based on the use of alpha, beta or gamma radiations, 

whether or not for medical, surgical, dental or veterinary uses 

3311 

 

61 
89961 Hearing-aids (excluding parts and accessories) 3311 

 

61 89963 Orthopedic or fracture appliances 3311 
 

61 89965 Artificial teeth and dental fittings 3311 
 

61 89966 Other artificial parts of the body 3311 
 

61 89967 Pacemakers for stimulating heart muscles (excluding parts and 

accessories) 

3311 

 

61 89969 Appliances, n.e.s., which are worn or carried or implanted in the body to 

compensate for a defect or a disability 

3311 

 

41 

 

 

 

 

76483 Radar apparatus, radio navigational aid apparatus and radio remote 

control 

3312 Manufacture of instruments and 

appliances for measuring, checking, 

testing, navigating and other 

purposes, except industrial 

processes 

 

41 87131 Microscopes (other than optical microscopes) and diffraction apparatus 3312 Manufacture of instruments and 

appliances for measuring, checking, 

testing, navigating and other 
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purposes, except industrial 

processes 

42 87139 Parts and accessories of microscopes (excl. optical microscopes) and 

diffraction apparatus  

3312  

41 87311 Gas meters 3312  

41 87313 Liquid meters 3312  

41 87315 Electricity meters 3312  

41 87321 Revolution counters, production counters,  taximeters, mileometers, 

pedometers and the like 

3312  

41 87325 Speed indicators and tachometers; stroboscopes 3312  

41 87411 Direction-finding compasses; other navigational instruments and 

appliances 

3312  

41 87441 Gas or smoke analysis apparatus 3312  

41 87442 Chromatographs and electrophoresis instruments 3312  

41 87443 Spectrometers, spectrophotometers and spectrographs using optical 

radiations (UV, visible, infra-red) 

3312  

41 87444 Exposure meters  3312  

41 87445 Other instruments and apparatus using optical radiations (UV, visible, 

infra-red) 

3312  

41 87446 Instruments and apparatus for physical or chemical analysis, n.e.s. 3312 Manufacture of instruments and 
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appliances for measuring, checking, 

testing, navigating and other 

purposes, except industrial process 

41 87449 Microtomes; parts and accessories of the articles of subgroup 874.4 3312  

41 87451 Balances of a sensitivity of 5 cg or better, with or without weights 3312  

41 87453 Machines and appliances for testing the hardness, strength, 

compressibility, elasticity or other mechanical properties of materials 

(e.g., metals, wood, textiles, paper, plastics) 

3312  

41 87461 Thermostats 3312  

41 87463 Pressure regulators and controllers (manostats) 3312  

41 87465 Other regulating or controlling instruments and apparatus 3312  

41 87471 Instruments and apparatus for measuring or detecting ionizing radiations 3312  

41 87473 Cathode-ray oscilloscopes and cathode-ray oscillographs 3312  

41 87475 Other instruments and apparatus, for measuring or checking voltage, 

current, resistance or power, without a recording device 

3312  

41 87477 Other instruments and apparatus, specially designed for 

telecommunication (e.g., crosstalk meters, gain-measuring instruments, 

distortion factor meters, psophometers) 

3312  

41 87478 Other instruments and apparatus for measuring or checking electrical 

quantities 

3312  
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Annex table 5. Automotive – intermediate products 

BEC SITC SITC Description ISIC ISIC description 

53 69915 Other mountings, fittings and similar articles suitable for motor vehicles 2899 Manufacture of other fabricated 

metal products n.e.c. 

53 77812 Electric accumulators (storage batteries) 3140 Manufacture of accumulators, 

primary cells and primary batteries 

53 77823 Sealed-beam lamp units 3150 Manufacture of electric lamps and 

lighting equipment 

53 77313 Ignition wiring sets and other wiring sets of a kind used in vehicles, 

aircraft or ships 

3190 Manufacture of other electrical 

equipment n.e.c. 

53 77812 Electric accumulators (storage batteries) 3190  

53 77831 Electrical ignition or starting equipment of a kind used for spark-ignition 

or compression-ignition internal combustion engines 

3190  

53 77833 Parts of the equipment of heading 778.31 3190  

53 77834 Electrical lighting or signalling equipment (excluding articles of subgroup 

778.2), windscreen wipers, defrosters and demisters, of a kind used for 

cycles or motor vehicles 

3190  

53 76211 Radio-broadcast receivers not capable of operating without an external 

source of power, of a kind used in motor vehicles (including apparatus 

capable of receiving radio-telephony or radio-telegraphy) incorporating 

sound-recording or reproducing 

3190  
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Apparatus 

53 76212 Radio-broadcast receivers not capable of operating without an external 

source of power, of a kind used in motor vehicles (including apparatus 

capable of receiving radio-telephony or radio-telegraphy) not 

incorporating sound-recording or reproducing apparatus 

3230 Manufacture of television and radio 

receivers, sound or video recording 

or reproducing apparatus, and 

associated goods 

53 88571 Instrument panel clocks and clocks of a similar type, for vehicles, aircraft 

or ships 

3230 Manufacture of television and radio 

receivers, sound or video recording 

or reproducing apparatus, and 

associated goods 

53 71321 Reciprocating internal combustion piston engines for propelling vehicles 

of a cylinder capacity not exceeding 1,000 cc 

3330 Manufacture of watches and clocks 

53 71322 Reciprocating internal combustion piston engines for propelling vehicles 

exceeding 1,000 cc 

3410 Manufacture of motor vehicles 

53 71323 Compression-ignition internal combustion piston engines (diesel or semi-

diesel) 

3410  

53 7841 Chassis fitted with engines, for the motor vehicles of groups 722 and 781 3410  

53 78421 Bodies (including cabs), for the motor vehicles of group 781 3420 Manufacture of bodies (coachwork) 

for motor vehicles; manufacture of 

trailers and semitrailers 

53 78425 Bodies (including cabs), for the motor vehicles of groups 722 and 782 3420  

53 78689 Parts of the trailers and semi-trailers of heading 786.1, subgroup 786.2 3420  



 

 

 106 

53 71391 Parts, n.e.s., for the engines of subgroups 713.2, 713.3 and 713.8, suitable 

for use solely or principally with spark-ignition internal combustion piston 

engines 

3430 Manufacture of parts and 

accessories for motor vehicles and 

their engines 

53 71392 Parts, n.e.s., for the engines of subgroups 713.2, 713.3 and 713.8, suitable 

for use solely or principally with compression-ignition internal 

combustion piston engines 

3430  

53 78431 Bumpers and parts thereof, of the motor vehicles of groups 722, 781, 782 

and 783 

3430  

53 78432 Other parts and accessories of bodies (including cabs), of the motor 

vehicles of groups 722, 781, 782 and 783 

3430  

53 78433 Brakes and servo-brakes and parts thereof, of the motor vehicles of groups 

722, 781, 782 and 783 

3430 Manufacture of parts and 

accessories for motor vehicles and 

their engines 

53 78434 Gearboxes of the motor vehicles of groups 722, 781, 782 and 783 3430  

53 78435 Drive-axles with differential, whether or not provided with other 

transmission components 

3430  

53 78436 Non-driving axles and parts thereof, of the motor vehicles of groups 722, 

781, 782 and 783 

3430  

53 78439 Other parts and accessories of the motor vehicles of groups 722, 781, 782 3430  

53 71311 Spark-ignition reciprocating or rotary internal combustion piston engines 3530 Manufacture of aircraft and 

spacecraft 

53 78535 Parts and accessories of motor cycles (including mopeds) 3591 Manufacture of motorcycles 



 

 

 107 

53 82112 Seats of a kind used for motor vehicles 3610 Manufacture of furniture 

 

Annex table 6. Automotive – final products 

BEC SITC SITC Description ISIC ISIC description 

51 7812 Motor vehicles for the transport of persons, n.e.s. 3410 Manufacture of motor vehicles 

522 78511 Motor cycles (including mopeds) and cycles fitted with an auxiliary 

motor, with or without side-cars; with reciprocating internal combustion 

piston engine of a cylinder capacity not exceeding 50 cc 

3591 Manufacture of motorcycles 

522 78513 Motor cycles (including mopeds) and cycles fitted with an auxiliary 

motor, with or without side-cars; with reciprocating internal combustion 

piston engine of a cylinder capacity exceeding 50 cc but not exceeding 

250 cc 

3591  

522 78515 Motor cycles (including mopeds) and cycles fitted with an auxiliary 

motor, with or without side-cars; with reciprocating internal combustion 

piston engine of a cylinder capacity exceeding 250 cc but not exceeding 

500 cc 

3591 Manufacture of motorcycles 

522 78516 Motor cycles (including mopeds) and cycles fitted with an auxiliary 

motor, with or without side-cars; with reciprocating internal combustion 

piston engine of a cylinder capacity exceeding 500 cc but not exceeding 

800 cc 

3591  

522 78517 Motor cycles (including mopeds) and cycles fitted with an auxiliary 

motor, with or without side-cars; with reciprocating internal combustion 

piston engine of a cylinder capacity exceeding 800 cc 

3591  
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522 78519 Motor cycles (including mopeds) and cycles fitted with an auxiliary 

motor, with or without side-cars; other; side-cars 

3591  

Source: Sturgeon and Memodevic, 2010.  
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Annex 2 

  

The theoretical model 

 

This study follows the multiple-task approach of Grossman and Rossi-Hansberg (2006) in 

establishing a theoretical framework for discussing exchange rate impacts on IPN trade flows. 

Global production sharing is taken into consideration together with the value-added chains of a 

final product in formulating a partial-equilibrium model for analysing trade effects of exchange 

rates at the firm level. The partial equilibrium approach allows the capture of the complexity of 

IPN production by a multinational firm that has the possibility to produce multiple products, 

which include both final goods and intermediate goods. In addition, it allows the endogenous 

determination on the location of each stage of production, which is an important feature of global 

production sharing.  

 

In this firm-level, partial-equilibrium model it is assumed that a firm takes market prices of 

factors as given, and that there is no tendency towards international factor-price equalization. In 

addition, the model assumes away scale economies and ignores game-theoretic complexities. 

However, introducing scale economies explicitly into the model appears unlikely to change the 

model’s implications substantively. 

 

The main feature of this model is that there are possibilities for different components of 

production to be conducted in different countries. The model gives insights into two major issues. 

First is the relationship between countries of component sourcing and input characteristics; which 

components will be produced in which country? Second, how do exchange rate changes affect the 

component sourcing decisions of a multinational firm? 

 

 The model considers input sourcing decisions of a multinational that operates in a world with 

countries at different development levels. The world is simplified into three countries, the North 

(N), the East (E), and the South (S), representing a high-wage country, a middle-wage country 

and a low-wage country, respectively. A condition is set that the difference in factor prices 

reflects the fact that the three countries differ in relative factor endowments and development 

levels, i.e., SEN www  . 

 

The MNC in this model is a monopoly producer facing the standard setting of downward sloping 

demand for its final good. The MNC has its headquarters in a developed country (North) and 
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owns subsidiaries in developing countries (East and South). The MNC’s headquarters in the 

North has an inelastic supply of firm-specific asset – “headquarters capital” – which is essential 

for the production of the final good in combination with a continuum of intermediate goods 

(“components”) that differ in factor intensities. The headquarters capital concept is related to the 

concept of knowledge-based capital assets that are embodied in services by the headquarters such 

as marketing, research and development, financial services, management, engineering etc. The 

assumption of a fixed stock of firm-specific capital is motivated by fact; according to the National 

Academy of Public Administration (2006), one of the most cited reasons for outsourcing is to 

redirect or conserve firm-specific assets for activities as the core competencies of a particular 

business. 

 

In addition, the headquarters capital is used in combination with labour in the in-house production 

of intermediate goods. The MNC allocates its firm-specific capital from the headquarters in the 

North to its subsidiaries in the East and the South. The subsidiaries use the firm-specific capital as 

an input for their production activities. The headquarters capital is a firm-specific asset. Thus, it is 

non-tradeable, but it has an opportunity cost (shadow cost) in each of its competing uses within 

the firm. The shadow cost reflects the foregone opportunity of its alternative use under the full-

employment condition. 

 

The model focuses on the flows of IPN trade in developing countries (the East and the South). 

Hence, it is assumed that the final-good market exists in the North but not in the East and the 

South. In other words, there is no final demand in the East and the South. In addition, the role of 

the North is limited to just managing the allocations of headquarters capital. Technically, it is 

assumed that factor endowment in the North is differs too much from the developing regions to 

permit the North to share tasks on the component spectrum.  

 

 The main interest is in the full pattern of component sharing, i.e., the MNC sources components 

from both subsidiaries at least in the short-term equilibrium. Therefore, it is assumed that firm-

specific capital movement between subsidiaries in the East and the South is not allowed. It is 

assumed that relative wages are sufficiently low in the South to make final assembly, which is 

highly labour-intensive, to be optimal in that location. For components that differ by degrees of 

factor intensity, the MNC has the option to source components from either East or South. Hence, 

the MNC has to choose to either produce components in East that are then exported for final 

assembly in the South or to produce them within the South. 

 

A. The final good 
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The final-good market exists only in the North. The final good is a differentiated product. Hence, 

the final-good producer faces a standard downward sloping final demand. Assuming a quasi-

linear utility function, the demand function for the final good in the North takes the linear form:  

SBXAP                   (1) 

where SX  is the final-good exports from the South the North, P  is the respective price, and A  

and B are parameters partly determined by market size and price elasticity, respectively.
34

 SX  is 

the supplied quantity of the final good.   

 

The final good is made with headquarters capital, labour and a continuum of intermediate inputs 

( iz ), indexed from zero to 1. Those intermediate inputs can be produced by MNC subsidiaries. 

The production of each intermediate input requires headquarters capital and labour in a fixed 

proportion. For convenience, a component spectrum is arranged such that the component index 

represents the relative capital intensity of components. That is, the component indexed as 1 is the 

most capital-intensive component whereas the one indexed as zero is the least capital-intensive 

component. The final-good production function is assumed to take Leontief technology, and is 

the most labour-intensive task in the IPN. 

 

To keep the model of a multiple-input production function tractable, a fixed coefficient for 

technology is assumed. Assembling a unit of the final good requires a  units of labour, and a 

final-good assembler uses a unit of firm-specific capital and a  units of labour to combine those 

components into a final good. To minimize the number of parameters, it is assumed that the unit 

requirement of all components is unity. 

 

The MNC produces the final good in the South for exports only. Production quantity is equal to 

export volume and they take the following form:  









 i
X

XS z
a

L
HX ,,min                (2) 

                                                           

34 This is standard in much of the literature (see Markusen, 1984; Helpman and Krugman, 1985; and 

Markusen, 2002). SX  represents export-platform (vertical) activities of final-good production in a low 

labour-cost country such as China.  
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where  1,0i , XH , XL  and iz  are multiple inputs employed for final-good production and a  

is a unit-labour requirement for final-good production. it is assumed that the final assembly is 

highly labour intensive. Therefore, the parameter a  takes a large positive number. The Leontief 

production technology yields the derived demands for inputs as follows: 

SX XH  ,                  (3) 

SX aXL  ,                 (4) 

Si Xz                   (5) 

B. Parts and componets 

The MNC can produce components in the East and the South subsidiaries by using its 

headquarters capital and labour. Producing component i requires the firm-specific capital and 

labour in a fixed proportion: 

 









L

i

i

i
i

b

L

b

H
z ,min                 (6) 

Note that ib  is the unit capital-requirement for component i production. It is assumed that ib is 

greater than unity. The component index can be arranged such that ib  is an increasing function of 

the component index,  i.e.,  / 0ib i   while Lb  is the unit labour-requirement of component i. 

Note that Li bb is then a capital-to-labour ratio for component i.
35

  To keep the model tractable, it 

explicitly defines a simple function ib  that meets the required criteria for an increasing function 

of the component index as follows:  

bibi  ,                       (7) 

where  1,0i  and b >1 

 1Lb                   (8) 

 

                                                           

35
  When a unity value is assigned to Lb , ib  thus becomes a normalized capital-to-labour ratio of 

component i. 
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It follows from these conditions that the derived demand for capital and labour for component 

production becomes: 

  ii zbiH  ,  where  1,0i               (9) 

ii zL                  (10) 

 

C. Profit-maximizing conditions 

 

The MNC makes decisions related to production sharing between the two subsidiaries. With the 

objective of maximizing total profit for the firm, it has to decide how much of the final good is to 

be produced. The firm does not have to choose the amount of component production because it is 

a direct function of the final good production. However, the MNC has to decide on what types of 

components would be produced in which subsidiary.  

 

Producing component i in country j will incur a unit cost as a function of labour cost ( jw ) and 

the shadow cost of headquarters capital ( j ). The dual unit cost function of component i 

produced by a subsidiary in country j is denoted as jizc )( . It takes the following form:  

jjjiz wbic  )(                  (11) 

Profit maximization yields the Kuhn-Tucker conditions that form the equilibrium condition of 

component sourcing as a function of component unit cost. When the component is imported, the 

cost of import inputs includes the exchange rate. Let je  denote the exchange rate of country j in 

the unit of country j currency per the North’s currency. Thus, 
k

j

e

e
 is the exchange rate in the unit 

of country j per country k currency.    

 

The perfect-substitution assumption yields a corner solution for component sourcing. At 

equilibrium, the Lagrange multiplier (denoted as ip ) of the Kuhn-Tucker condition has a value 

equal to the minimal cost of component i  available for assembling output in the South: 









 Eiz

E

S

Sizi c
e

e
cp )()( ,min              (12) 
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The above condition suggests that a profit-maximizing firm would source a component from the 

minimal (exchange-rate adjusted) cost location.  

 

Given that each subsidiary has a limited stock of headquarters capital, the MNC subsidiaries in 

the East and the South supply different components.
36

 The pattern of component sharing is 

determined by factor-price differences across countries.
37

 Because wages are relatively low in the 

South, the equilibrium is that the range of components sourced within the South tends to be more 

labour-intensive than the components imported from the East subsidiary (annex figure 1).   

 

In annex figure 1, Sizc )(  is the unit cost of component i sourced domestically in the South 

subsidiary while  Eimc )(  is the unit cost of imported component i from the East subsidiary. The 

unit cost is an increasing function of capital intensity. Given that relative wages are lower in the 

South than the East, and given the range of parameter values that allows component sharing 

between subsidiaries in different countries, the South and the East will have comparative cost 

advantage in different components. The sets of components sourced from each subsidiary are 

determined at the marginal component (component *ni  ) where there is cost equalization. At 

the marginal component, the MNC is indifferent between domestic sourcing and import sourcing:  

 EE

E

S
SS wbi

e

e
wbi                (13) 

In contrast, it is cost saving to import capital-intensive components (components indexed from 

*n to 1) from the East subsidiary and source labour-intensive components (components indexed 

from 0 to *n ) from the South.  

    . 

The cost equalization determines the marginal component ( *n ): 

E
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e

e
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1

*               (14) 

                                                           

36
 It must be remembered that the possibility of component sourcing from the North has been excluded. 

37
 Depending on parameter values, there are other possibilities. However, the interest here is in the full 

pattern of component sharing, i.e., the MNC sources components from every country, at least in the short-

term equilibrium where intra-firm capital movement has not been allowed. 



 

 

 115 

Note that changes in factor prices (wage and shadow cost of headquarters capital) faced by each 

subsidiary, including exchange rate changes, can shift the marginal component. 

 

Annex figure 1. Minimal costs locus of component sharing 

 

 

 

 

 

 

 

 

 

Following on from the equilibrium pattern of component sharing, the marginal cost of production 

in the IPN is:  

   diwbi
e

e
diwbiawc

n

EE

E
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n

SSSS  

1

*

*

0

           (15) 

where c  is the marginal cost of the final good. It includes the costs of headquarters capital and 

labour, the cost of relatively labour-intensive components sourced from the South, and the costs 

of relatively capital-intensive components imported from the East. 

 

Profit maximization implies that the marginal revenue equals marginal cost. This condition yields 

an optimal level of final-good exports by the South subsidiary at: 
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Component exports by the East subsidiary are a function of final good exports. The East 

subsidiary exports relatively capital-intensive components along the component spectrum 

(component indexed from n* to 1). The export volume of each component is a function of final 

exports by the South. Hence, total exports by the East (defined as 
1

*

*

n

iE dizZ ) are: 

   ** *1 SE XnZ                (17) 

 

D. Full-employment conditions of headquarters capital 

The MNC allocates its fixed endowment of firm-specific headquarters capital to subsidiaries in 

the East and the South. It is assumed that there is a fixed allocation of the capital in each 

subsidiary in the short-term equilibrium.
38

 As discussed above, the South subsidiary will use 

capital for final assembly and for producing relatively labour-intensive components indexed from 

zero to n*, while the East subsidiary uses capital for producing relatively capital-intensive 

components indexed from n* to 1. The following equations (18), (19) and (20) describe the 

endowment constraints at the MNC and subsidiary levels:  

ES HHH                 (18) 

diHHH

n

iXS 

*

0

              (19) 

diHH
n

iE 
1

*

               (20) 

where H is the total endowment of headquarters capital by the MNC, and SH and EH  are the 

headquarters capital allocated to the South and the East subsidiaries, respectively. XH  is the 

headquarters capital used in the final production and iH  is the capital used in the production of 

component i.  

 

Solving the model for the short-term equilibrium with full employment of the firm-specific 

capital gives the shadow costs of capital. Given that headquarters capital is fully employed in 

equilibrium, the shadow costs take positive value. It is assumed that there is no capital mobility 

                                                           

38
 This condition will be relaxed when considering the long-term equilibrium. In the long term, the MNC 

can move capital between subsidiaries if free movement of capital exists at the intra-firm level. 
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between the subsidiaries in the short-term equilibrium. Therefore, there is no possibility for 

factor-price equalization. In other words, the shadow costs of headquarters capital in the East and 

the South (defined as 
*

E  and 
*

S , respectively) differ, and they reflect the returns on firm-

specific asset in the respective subsidiaries:
 39
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Assuming that wage adjustments by the exchange rate of the East’s labour are significantly higher 

than that in the South, the shadow cost of capital in the East is lower than the South, as indicated 

by equation (22), i.e., 
**

SE   . In other words, equilibrium exists where relative and absolute 

capital costs are more expensive in the South than in the East. 

 

E. Effects of exchange-rate changes on a final-good exporting country 

The South is the final-good exporting country. The first derivative of exports from the South 

(
*

SX ) it taken with regard to both exchange rates ( Se and Ee ) in order to see the effect of 

exchange rate changes on the final-good exports.
40

 Using 
*

SX  as defined by equation (16), the 

change in exchange rate of a country-j (j = E, S) will have two compositions as follows:
41
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.              (23) 

Equation (23) suggests that exchange-rate effects on final-good exports have two components – 

the direct effect (the first term on the right-hand side), and the indirect effect through cost of 

production (the second term on the right-hand side).   

 

                                                           

39
 Firm-specific capital in each subsidiary does not have market prices, but there are shadow costs. 

However, profit maximization would yield the highest positive value of the shadow cost of capital as the 

MNC will use its capital for producing the final good and components until the capital is fully employed in 

both locations.  
40

 A positive (negative) sign of the derivative indicates depreciation or devaluation of the respective 

exchange rate leading to an increase (a decrease) in exports. Appreciation or a revaluation will lead to the 

opposite result. 
41

 Equations (15), (16), (21) and (22) are used for the derivation. 
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Exchange rate effects in each case on the final-good exporting country are obvious and described 

in the following paragraphs. Overall, the depreciation of any country within the production 

network will benefit the final-good exporting country, while an appreciation will lead to the 

opposite result. 

 

1. Effects on the South from depreciation of its own currency 

Exchange rate depreciation in the South against a benchmark currency (the North currency) will 

have positive direct and indirect impacts on its exports (equation 24).  

 
0

12

*

2

*









































b

bn

w
awc

eB

b

de

dX
S

S

SS

S            (24) 

2. Effects on the South from currency depreciation in the component 

supplying country 

Depreciation of the East’s currency has a positive indirect impact on exports by the South. The 

depreciation reduces the cost of intermediate inputs to the final good producer. As the unit cost of 

the final good declines, the South can export more units of the final good even though there is no 

change of the price level in the export market. 
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F. Effects of changes in the exchange-rate on a component supplying country 

 

The exchange rate effects on a component supplying country are not always obvious. The East is 

a component supply country. The first derivative on exports of the East (
*

EZ ) is taken with regard 

to each exchange rate ( Se and Ee ) in order to see the effects of changes in the exchange rate on a 

component exporting country. Using 
*

EZ  as defined in equation (17), the change in exchange rate 

of country j will have two compositions:
42

 

                                                           

42
 Equations (14), (16), (21) and (22) are used for the derivation. 
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Equation (26) suggests that exchange-rate effects on a component supplying country are a trade-

off between the effect on intensive and extensive margins of component exports. The first term on 

the right-hand side of the equation is the effect on an intensive margin of component exports. It 

means that changes in the exchange rate will have an effect on the value of components exported 

by the East (relatively capital-intensive components ranging between n* and 1), which is a 

derived demand from the final-good demand.
43

 The second term indicates that changes in the 

exchange rate can move the margin of component sharing between countries. Therefore, there 

will be a change in the number of component varieties produced in each country. This is called 

the effect on the extensive margin of component exports. The effects of changes in each exchange 

rate on component exports are described below. 

 

1. Effects on the East from depreciation of its own currency 
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Exchange rate depreciation in the East (from
0Ee to 

1Ee ) against a benchmark currency will have 

positive impacts on component exports, on both extensive and intensive margins. The effect on 

the components extensive margin is illustrated in annex figure 2. The range of components 

sourced from the East subsidiary will expand from )1,( *

0n to )1,( *

1n , because the depreciation of 

the East exchange rate reduces the marginal cost of importing a component from that country. 

                                                           

43
 As shown in equation (5), it is assumed to be a one-to-one relationship in this simple model. 
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Thus, more components will be produced and exported from the East to the South where the final 

good will be assembled at a lower cost. In addition, the intensive margin of component exports 

will also expand. This is because the cost reduction allows the South to export more of the final 

good, and there will be greater demand for each component to feed the increasing final-good 

production. 

 

 

 

 

 

 

 

 

 

Annex figure 2. Effects on the extensive margins of component sharing when 

the East currency depreciates 
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final-good exporting country 

 

Effects of the South’s currency depreciation on a component exporting country are less obvious. 

On the one hand, the results on the extensive margin will be the opposite of those shown in annex 

figure 3. The MNC will source fewer components from the East while producing more 

components in the South. Thus, the extensive margin of component exports by the East will 

contract  as a result of the depreciation of the South currency. On the other hand, the intensive 

margin of each component will expand because the depreciation induces demand for final-good 

exports of the South, and the South will therefore need more of each component to increase final 

good production. The net effect will depend on parameter values (equation 28). 
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G. Cross-border mobility of firm-specific capital: ‘Long term’ 

 

Here the focus is on the interesting case, called the “long term”, where the firm is able to 

reallocate headquarters capital between the two subsidiaries to maximize total MNC profits. What 

would be the implications for production sharing between countries? Therefore, the assumption 

made earlier that the allocations of firm-specific capital across the two subsidiaries are fixed, and 

that they cannot be reallocated between the two subsidiaries, is relaxed. 

 

If firm-specific capital can be reallocated between the subsidiaries, an MNC will transfer some of 

the capital from where its marginal product is relatively low to where the marginal product is 

relatively high, until the marginal products are equalized. Technically, this means that there will 

not be a full employment constraint of capital for each subsidiary – equations (19) and (20) – but 

it will be replaced by a common constraint of  
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The common constraint of firm-specific capital yields a common shadow cost in this long-term 

equilibrium. Denoted by
* , it is the long-term shadow cost of capital.

44
 The marginal 

component is determined by equalization of the unit-cost of components: 

At 
*

LRni  ,  E

E

S
S wbi

e

e
wbi  **             (30) 

At the marginal component, the unit costs of sourcing from the South and intra-firm imports from 

the East are equalized. The marginal component is identified at:  
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Given the assumption that the labour cost in the East is higher than that in the South 

(i.e., SE ww  ), it is possible to identify the necessary conditions for equilibrium where there is 

component sharing between the two countries; i.e., long-term equilibrium with 10 *  LRn  

requires that: 
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Within this range of parameters, the pattern of component production sharing is similar to the 

short-term illustrations. Relatively labour-intensive components ranging from zero to 
*

LRn  are 

sourced within the South, while relatively capital-intensive components ranging from 
*

LRn  to N 

are sourced from the East.  

 

The condition above suggests that if capital was freely mobile, the exchange rate could play a 

strategic role for the country with relatively high wages. Given that wages are high in the East, 

that country needs to have a weak exchange rate in order to become competitive in some 

                                                           

44
 In the same manner as the short-term profit maximization equilibrium, profit maximization would yield 

the highest positive value of the shadow cost of capital, as the MNC will use its capital for producing the 

final good and components until the capital is fully employed.  
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components. Outside of this range of parameters, we have equilibria with a single country 

supplying all components. Annex figure 3 illustrates component-sharing patterns in each 

scenario. Case A is when the condition in equation (32) is met, and there will be component 

sharing between countries. In case B, the East currency is very weak relative to the South 

currency. Then, all components are imported from the East. Case C is when the East currency is 

too strong, so that the East will not be competitive in any component. The MNC will only invest 

in the South in both component and final-good production. 

 

Annex figure 3. Long-term equilibrium scenarios   

Case A: Production sharing in components: 
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Case B: All components are imported from the East: 
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Case C: All components are sourced within the South: 
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