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Abstract  
Structural transformations are an indispensable element of sustained economic growth. 

Within the context of East Asia, this study focuses on industrial deepening, which refers 

to the formation of local linkages and the creation of a robust local supplier base. To 

investigate the progress of industrial deepening, this study introduces two kinds of 

domestic procurement measures in addition to the previously developed local content 

measures. Specifically, two kinds of vertical specialization measures are used to 

demonstrate the degree to which respective East Asian economies are specialized within 

their vertical production networks. The results clearly show that the advancement of 

production networks is likely to reduce domestic procurement ratios, even if local 

supplier bases are strengthened in the respective countries. Moreover, the trend of 

domestic procurement ratios differs depending on the characteristics of particular 

industries and the industrial policies adopted by individual countries. 
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1．Introduction 

It is often pointed out that local supplier bases in Southeast Asia are relatively weak in 

comparison with those in Northeast Asian countries, such as China, Korea, and Taiwan. 

As discussed below, the formation of industrial linkages and the development of local 

supplier bases are crucially important in terms of strengthening the competitiveness of 

industries and sustaining economic growth. However, the empirical evidence is still 

lacking due to a paucity of appropriate data. 

This study focuses on industrial deepening and local supplier development in 

East Asia. Here, industrial deepening implies the formation of local linkages and 

complementarities through the creation of a robust local supplier base and the 

expansion of ancillary services (Asian Development Bank 2013). More specifically, the 

study focuses on the formation of industrial linkages within a country and in doing so 

attempts to measure the strength of linkages using the international input-output 

approach.  

The formation of domestic linkages affects the economy of a country in several 

ways. Firstly, the linkages tend to promote structural transformations such as 

industrial structures being diversified or upgraded. Industrialization often starts with 

low-skill, low-value-added downstream activities, such as final assembly. It then 

gradually shifts toward high-skill, high–value-added upstream activities, which require 

more sophisticated technology and greater economies of scale in production. Since A. O. 

Hirschman published a seminal book on economic development strategy (Hirschman 

1958), such industrial linkages have become a focal point in industrial development. In 

particular, so-called backward linkages play a critical role by inducing demand for 

upstream activities and thus stimulate industrial development in sequence―from 
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downstream final assemblers, to first-tier parts and components suppliers, and then to 

second and lower-tier suppliers. The production of basic materials and machinery is 

therefore stimulated by the advancement of downstream activities.  

Secondly, the development of upstream industries and the formation of 

domestic linkages decrease dependency on imported inputs. This process contributes to 

lowering trade deficits, which are faced by many developing countries due to the lack of 

a robust local supplier base.  

Thirdly, the development of upstream industries increases the competitiveness 

of downstream industries by delivering parts and components at lower costs, in a 

shorter time, and with more flexibility.1 Moreover, if both upstream and downstream 

industries are co-located within industrial clusters, frequent communication and 

information exchange between assemblers and parts suppliers stimulate innovation 

(Porter 1990).  

Fourthly, industrial linkages create an important channel for technology 

transfer. In particular, the formation of backward linkages promotes knowledge and 

technology spillover from foreign-affiliated firms to local supplier firms (Javorcik 2004, 

Blalock and Gertler 2008).  

                                                   
1 Due to these effects, the downstream (assembling) industries are attracted to a 
country or region where the upstream industries (parts, components, and materials) are 
located. Such agglomeration effects are called “forward linkage effects”. On the other 
hand, upstream industries are attracted to countries or regions in which downstream 
industries are located because the latter provide intermediate demand for the former 
(i.e., “backward linkage effects”). Both the forward and backward linkage effects 
cumulatively promote the formation of industrial clusters (Krugman and Venables 1995, 
Puga 1999).    
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Finally, it is often pointed out that the expansion of production networks has 

increased the vulnerabilities of the networks with regard to external shocks such as 

economic crises and natural disasters (Fujita and Hamaguchi 2014).2 The deepening of 

domestic linkages could therefore reduce such vulnerabilities.  

To investigate the process of industrial deepening in East Asia, this study uses 

the Asian International Input-Output Tables (hereinafter, AIO tables) for 1975, 1990, 

and 2005, which were compiled by the Institute of Developing Economies (IDE-JETRO). 

The AIO tables cover nine East Asian economies―China, Japan, Korea, Taiwan, 

Indonesia, the Philippines, Thailand, Malaysia, and Singapore―plus the United States. 

In this study, however, the four middle-income Southeast Asian countries of Malaysia, 

Thailand, Indonesia, and the Philippines are treated separately as a single group 

(hereinafter, the SE4) and will be compared with China, Japan, and Korea. The AIO 

tables indicate the transaction matrices of imported inputs as well as domestic inputs. 

These tables are therefore instrumental in showing how imported inputs have been 

substituted by domestic inputs as a result of the development of domestic linkages.  

Regarding our chosen methodology, this study introduces two kinds of domestic 

procurement measures (domestic procurement ratios), which are used in addition to the 

previously developed local content measures (Kuroiwa 2009). These measures indicate 

the strength of domestic linkages in comparison with international linkages. Finally, 

two kinds of vertical specialization measures (VS and VS1) are introduced to show how 
                                                   
2 Kuroiwa and Kuwamori (2011) demonstrated that the global financial crisis 
(2007-2009) seriously affected East Asian economies through the production network 
centered on China. For instance, 33.7 percent of the production shock that Korea’s 
computer and electronic equipment sector received due to the decline in US import 
demand during 2008Q3 – 2009Q1 originated in the inter-country spillover effects 
through China. 



5 
 

respective East Asian economies are specialized in relation to vertical production 

networks in the region. Note that to fully utilize the advantages of international 

input-output data, the main focus will be placed on both domestic and international 

procurement. It will be shown that the specialization of each economy, whether 

specialized in upstream or downstream manufacturing activities, closely reflects the 

development of domestic linkages as well as international linkages. 

The paper first describes the factors that affect the formation of domestic 

linkages. After that, the method of analysis is presented, with a focus on the newly 

introduced domestic procurement measures. The paper then goes on to examine the 

results of the empirical analyses before concluding with a summary and discussion of 

important findings. 

 

2. Formation of domestic linkages  

The factors that affect the formation of domestic linkages are multifaceted. Some are 

driven by market forces, while others are induced by policy measures. For example, the 

spatial economics literature demonstrates how backward linkage effects induce the 

growth of upstream industries, while forward linkage effects encourage the expansion of 

downstream industries (see Krugman and Venables (1995) and Puga (1999) for general 

equilibrium models with industrial agglomeration caused by industrial linkages). In 

particular, when the trade costs of imported inputs are sufficiently high, the 

procurement of intermediate inputs from domestic sources increases.  

On the other hand, the expansion of vertical production networks negatively affects 

domestic linkages. For example, when production fragmentation occurs, large volumes 

of inputs are imported to facilitate processing, but the resulting products are exported 
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back into the international market. Consequently, growing production fragmentation, 

coupled with a rapid increase in intermediate trade, is likely to strengthen external 

linkages at the expense of the domestic linkages. However, an increase in the 

international division of labor may well enhance the efficiency and competitiveness of 

the affected domestic industries.  

It should also be noted that certain types of industrial policy affect the formation of 

domestic linkages. For instance, local content requirements, which had been adopted by 

developing countries until the Agreement on the Trade-Related Investment Measures 

(TRIMs) was implemented after the Uruguay Round, strictly regulated the share of 

domestic inputs. From the viewpoint of firms, imported parts and components can be 

substituted by domestic production as long as the increased costs associated with 

import substitution are compensated for by the higher tariff protection for final 

products. 3  Moreover, the governments of some developing countries have actively 

intervened to establish linkages between foreign assemblers and local suppliers by 

providing relevant information, financial assistance, and fiscal incentives, as in the 

Vendor Development Program and the Industrial Linkage Program in Malaysia. Such 

policy interventions can be instrumental in deepening a country’s domestic linkages.  

In contrast, trade liberalization and other export-promotion measures, such as 

import duty exemptions and duty drawbacks, lower the trade costs of imported inputs. 

                                                   
3 For example, the Ministry of Industry of Thailand imposed a minimum local content 
requirement of 25 percent on the automotive assemblers in 1975. Then the Ministry of 
Commerce prohibited imports of passenger cars in 1978, while the Ministry of Industry 
raised the minimum local content requirement up to 50 percent; in the late 1980s, the 
Thai government mandated the local production of diesel engines (a key component of 
pickup truck manufacturing). As a result of such policy interventions, the local content 
of the Thai automotive industry has increased remarkably. 
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Likewise, investment in transport infrastructure and trade facilitation lowers trade 

costs. These policy measures are likely to encourage production fragmentation and 

strengthen external linkages at the expense of domestic linkage development (Tham 

and Loke 2011).  

 

3. Methodology  

To analyze the formation of domestic linkages, this study first investigates the local 

content of East Asian industries. Local content indicates the share of value added that 

is generated domestically. There are two types of local content measures, depending on 

how intermediate transactions are treated. 

 

3.1 Local content: direct measure 

Local content is the most commonly used indicator showing the share of domestic 

resources used in production and can be calculated using the following formula: 
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sum of domestic intermediate input coefficients and the value added coefficient of sector 

j in country S.4 

 As shown in Equation (1), local content is the sum of intermediate input 

coefficients and value added coefficients. Thus, only the direct input structure is taken 

into account and no roundabout processes of production are involved, making this the 

“direct measure” of local content. Simultaneously, it holds that )1( S
j

S
j lcmc −= , where 

S
jmc  represents import content of sector j in country S.  

   

3.2 Local content: total measure 

It is obvious that the direct measure does not represent true local content. This is 

because even if intermediate inputs are provided by domestic suppliers, they may 

require additional imported materials in their upstream production processes. If so, 

value added will not accrue entirely within domestic industries and there will be 

leakage of value added to foreign suppliers. To illustrate, if an engine is supplied 

directly by a first-tier domestic supplier, this portion will be given 100 percent 

originating status in the direct measure. However, to produce an engine, the first-tier 

supplier may need to import a substantial amount of intermediate inputs such as 

engine parts and metallic materials due to a lack of second-tier suppliers and lower in 

the domestic market. As a consequence, the true local content may be significantly 

lower than the direct measure indicates. In particular, such a disparity regarding local 
                                                   

4 Note that S
jlc in Equation (1) is consistent with the formula as stipulated by the value 

added criterion, which is one of the most frequently used rules of origin in trade 
agreements (Matsumura and Fujikawa 1998, Kuroiwa 2009).  
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content will be large if the economy lacks well-established upstream industries. True 

local content is calculated by computing the proportion of valued added accruing to 

domestic industries from the entire (i.e., direct as well as indirect) production processes. 

Consistent with the notation described above, the matrix indicating value added 

induced by one unit of demand for each sector is given by 

1A)(IVΓ −−== ˆ][γ RS

ij
,     (2) 

where V̂  and A respectively represent a diagonal matrix of value added coefficients 

and an input coefficient matrix of the AIO tables. γ RS

ij
 (an element in matrix Γ) 

indicates the value added that is induced by one unit of demand for sector j in country S 

and that accrues to sector i in country R. Then, true local content can be calculated as 

follows:  

∑
=

=
n

i

SS

ij

S
jlc

1
* γ .      (3) 

Here, S
jlc *  represents the share of value added accruing to all domestic industries in 

country S and S
jlc *1−  represents the share of value added leaked to other countries. 

Local content given by Equation (3) may be termed the “total measure” of local content, 

since the measure takes into account both direct and indirect inputs5.  

  

                                                   
5 In this context, it should be noted that Equation (3) is methodologically consistent 
with the analysis of trade in value added. Trade in value added indicates the flow of 
value added that is produced in a source country but consumed (as final demand) in a 
destination country (Johnson and Noguera 2012, Koopmans et al. 2012). Equation (3) 
gives the share of value added that is generated within a country when one unit of 
demand is given in sector j in country S. Trade in value added can be calculated by 
post-multiplying Equation (2) by final demand vector (see Kuroiwa 2014).  
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3.3 Domestic procurement ratio 

Although local content indicates the share of domestic resources employed by each 

sector (domestic intermediate inputs plus value added), it overestimates dependency on 

domestic suppliers because each sector’s own value added ( S
jV ) is always included in 

the local content of that sector. It would therefore be more appropriate to exclude value 

added from the equation and calculate the ratio of domestic intermediate inputs to total 

(domestic plus imported) intermediate inputs used by each sector. Note that such a ratio 

can be obtained by deducting a sector’s own value added ( S
jV ) from both the numerator 

and denominator in Equation (1). Then, the domestic procurement ratio in direct 

measure is given by  
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 Note that in Equation (5), a sector’s own value added ( S
jv ) is deducted from both 

the numerator and the denominator in Equation (3). This implies that Equation (5) 

represents the share of domestic value added that is generated after the first round 

repercussion effects (i.e., in the second, third, fourth, … round repercussion effects), 

where the repercussion effects of these rounds are respectively captured by IV̂ , AV̂ ,

2ˆ AV , 3ˆ AV , … (see Equation (6)). Note that the first round repercussion effects always 
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accrue in the sector itself. Therefore, such repercussion effects should be excluded to 

avoid the overestimation of the dependency on domestic procurement. 

 As an extension of Equations (4) and (5), the following equations show the shares 

of domestic procurement in sector i used by sector j in country S.  

 ∑∑
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where G is a number of endogenous countries in the AIO tables.6 Note that these 

measures indicate the shares of domestic procurement in the direct and total measures, 

respectively.  

 

3.4 Vertical specialization measure 

The indices of vertical specialization are instrumental in demonstrating how a country 

is specialized in vertical production networks. The two vertical specialization measures 

(“VS” and “VS1”) were originally proposed by Hummels et al. (2001) and then extended 

to international input-output analysis by Koopmans et al. (2012). The VS index 

indicates the foreign content of exports, which is leaked to other countries when a 

country imports inputs to produce its exports. VS for country S is given by 

 𝑉𝑉𝑆= ∑ Γ
𝑅𝑆
𝑒𝑆𝐺

𝑅≠𝑆 ,     (9) 

where Γ
𝑅𝑆

 and 𝑒𝑆 are respectively a sub-matrix of Γ in Equation (2) and an export 

vector of country S. Since Γ
𝑅𝑆
𝑒𝑠  represents the value added that is generated in 

                                                   
6 The Rest of the World is treated exogenously in the AIO tables, but inputs from the 
Rest of the World are included in the denominators of both Equations (7) and (8). Note 
that such treatment gives them consistency with Equations (1) to (6). 
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country R by country S’’ exports, 𝑉𝑉𝑠 indicates the total value added that is generated 

in all the endogenous countries excluding country S, by country S’ exports.  

The VS1 index, on the other hand, represents the domestic content of exports 

used as intermediate inputs by other endogenous countries to produce its exports. VS1 

for country S is given by 

𝑉𝑉1𝑆= ∑ Γ
𝑆𝑅
𝑒𝑅𝐺

𝑅≠𝑆 .     (10) 

Given the characteristics of these two indices, VS and VS1 are instrumental in 

obtaining insights into a country’s position regarding its vertical production networks. 

That is to say, a country specialized in downstream manufacturing operations needs to 

import a large amount of inputs (for its own exports) and thus has strong 

(cross-country) backward linkage effects. Such a country tends to have a high ratio of 

VS relative to gross exports (EX). On the other hand, a country specialized in upstream 

operations exports a large amount of inputs (for other countries’ exports) and thus has 

strong forward linkage effects. Such a country tends to have a high VS1/EX ratio.7 

As will be discussed below, it is, however, possible that both VS/EX and VS1/EX 

ratios increase simultaneously if a country is deeply involved in vertical regional 

production networks and increases the intra-industry trade of inputs significantly. 

 

                                                   
7 Note that in standard input-output analysis, the hierarchical relationships between 
industries are detected by the triangularization of input-output tables (Chenery and 
Watanabe 1958; Simpson and Tsukui 1965). On the other hand, the VS/EX and VS1/EX 
ratios are instrumental in revealing the hierarchical relationships between countries in 
the context of vertical production networks. It should be noted, however, that unlike the 
triangularization method, the VS/EX and VS1/EX ratios capture only the bilateral 
relationship between the supplier country and the demander country, as shown in 
countries r and s in Equations (9) and (10).    
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4. Empirical results 

In this study, East Asian countries are divided into four groups, namely, the SE4, China, 

Japan, and Korea. As indicated previously, the SE4 group comprises four middle-income 

Southeast Asian countries, namely, Malaysia, Thailand, Indonesia, and the Philippines.  

 

4.1 Local content 

Figures 1-1 to 1-4 show the local content of industries in the SE4, China, Japan, and 

Korea in 2005.8 It can be observed that the SE4 had a relatively low local content. This 

was particularly notable in the machinery sectors, where electrical machinery had the 

lowest local content (60 percent in the direct measure).  

 

[Figures 1-1, 1-2, 1-3, 1-4 around here] 

 

In contrast, China and Japan had relatively high local content, but China had a lower 

local content than Japan in several manufacturing sectors, particularly in electrical 

machinery (78 percent). Japan, on the other hand, had an extremely high local content 

that exceeded 80 percent (in the direct measure), except for chemical products (70 

percent). Likewise, Japan had a relatively low local content in electricity, gas, and water 

supply (85 percent). Note that the local content of these two sectors was also low in 

Korea (61 percent and 70 percent, respectively), reflecting their high dependency on 

imported raw materials, particularly crude petroleum.  

                                                   
8 Local contents in 1975 and 1990 are not shown here due to the limitation of space. For 
structural changes over the period 1975-2005, the domestic procurement ratios are 
demonstrated in the following section. 
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Korea had a lower local content than Japan, and this was significantly lower in 

electrical machinery (68 percent). 

 The above tendency is more clearly demonstrated when the total measure is 

used to indicate the true local content of industries. Total measures are significantly 

lower than direct measures, and this implies significant leakages of value added in 

roundabout production processes.9 In particular, those industries that are heavily 

dependent on imported inputs in their upstream operations tend to have high leakages 

of value added. In the SE4, China, and Korea, the manufacturing sectors had relatively 

high leakages in excess of 10 percent (see the curves labeled “DM − TM” in Figures 1-1 

to 1-4). Among these, manufacturing sectors in Korea had very high leakages―

exceeding 20 percent in metal products, transport machinery, and other manufacturing

―while those in Japan were significantly lower.  

  

4.2 Domestic procurement ratio 

Machinery sectors constitute the core elements of manufacturing industrial 

development. Moreover, machinery sectors use a large amount of intermediate inputs 

due to the complex and lengthy roundabout processes of production. They also have a 

relatively high dependency on imported inputs due to technological difficulties and scale 

economies in production, particularly in developing countries. It is therefore highly 

relevant to focus on the machinery sectors and examine trends in their domestic 

procurement ratios over the period 1975-2005.  

                                                   
9 Note that the disparities between direct measures and total measures also indicate 
error margins (specifically, overestimates) that occur when calculating local content 
using the formula as stipulated by the value added criterion in the rules of origin for 
trade agreements (Kuroiwa 2009). 
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Table 1 shows that among the four economies considered here, the SE4 had on 

average the lowest domestic procurement ratios in the machinery sectors. In particular, 

general machinery, electrical machinery and transport machinery had total domestic 

procurement ratios of less than 40 percent in both 1990 and 2005. In China, all the 

machinery sectors, except for transport machinery, experienced decreased domestic 

procurement ratios in the same period; this clearly reflects China’s growing 

participation within East Asian production networks.10 A similar phenomenon can be 

observed in Japan, where its machinery sectors were previously highly self-sufficient 

with extremely high direct domestic procurement ratios (95 percent or more in 1975), 

but these have gradually declined over time.  

 

[Table 1 around here] 

 

In contrast, Korea’s machinery sectors, excluding electrical machinery, 

exhibited significant increases in domestic procurement ratios during the period 

1975-2005. As a result, in 2005 the domestic procurement ratios of general machinery 

and transport machinery respectively reached 87 percent and 85 percent (direct 

measures). It should be noted, however, that Korea’s domestic procurement ratios drop 

sharply (by more than 20 percent in some sectors) when determined as the total 

measure.  

Tables 2-1 to 2-4 indicate domestic procurement ratios for materials, parts, and 

components used by the machinery sectors (Equations (7) and (8)). Among the material 

                                                   
10 China is not covered in the 1975 ASEAN table. As such data on China are available 
for only 1990 and 2005.  
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inputs, only chemical products, metal products, and non-metallic mineral products are 

reported in the tables, while parts represent intermediate inputs provided and used by 

respective sectors (e.g., electrical machinery parts used by the electrical machinery 

industries). 

 

[Table 2-1, 2-2, 2-3 2.4 around here] 

   

It is notable that the SE4’s general machinery and transport machinery exhibit 

relatively low domestic procurement ratios for metal products. This reflects the fact that 

the SE4 still lacked a robust local supplier base for the metal industry, including iron 

and steel. In contrast, China and Japan had extremely high domestic procurement 

ratios, except for parts and components for electrical machinery and precision 

machinery in China. However, a great number of domestic procurement ratios 

continued to decline, particularly in the case of Japan. For instance, Japan’s transport 

machinery sector experienced decreased domestic procurement ratios for chemical 

products, metal products, non-metallic minerals, and parts during the period 1975-2005. 

Korea’s machinery sectors, on the other hand, demonstrated an upward trend except for 

electrical machinery, where domestic procurement ratios for chemical products and 

metal products were on downward trends. 

Chemical products and metal products had greater differences between the 

direct and total measures than did non-metallic mineral products. This reflects the fact 

that these two industries are highly dependent on imported raw materials such as crude 

petroleum and iron ore. 
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With regard to parts and components provided and used within a sector itself, 

the SE4’s transport machinery sharply increased domestic procurement ratios from 25 

percent to 63 percent (direct measures) during the period 1975-2005. Likewise, Korea’s 

transport machinery increased domestic procurement ratios from 64 percent to 92 

percent. Japan and China also had very high domestic procurement ratios at 97 percent 

and 88 percent, respectively, in 2005. Moreover, domestic procurement ratios for 

transport machinery, which cover all intermediate inputs (i.e., materials, parts and 

components) used by respective sectors, continued to increase except for Japan (Table 1). 

It is worth noting that this upward trend in domestic procurement ratios was 

considered to be associated with significant economies of agglomeration, which are 

generated by industrial linkages in transport machinery.11 It is also highly likely that 

local content requirements imposed on the sector affected domestic procurement ratios 

(see footnote 3). 

On the other hand, electrical machinery had relatively low domestic 

procurement ratios for parts and components, and these ratios were following 

downward trends over the period 1975-2005, with the exception of Korea. Japan’s 

electrical machinery, for instance, decreased them from 96 percent to 73 percent (direct 

measures) over this period. Furthermore, electrical machinery had relatively low 

domestic procurement ratios and these showed a declining trend in all countries (Table 

                                                   
11 For instance, parts and components for automobiles are heavy and bulky. Thus their 
transport costs are significantly higher than many other industries. Geographical 
proximity not only lowers transport and invent costs―or facilitate the “just-in-time 
delivery” as in case of Toyota―but also facilitates product development coordination 
between parts suppliers and assemblers (Baba 2005; Dyer 1994, 1996). Significant 
economies of agglomeration are also observed in other transport machinery industries 
that have high transport costs of parts and components.   
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1). Note that such a downward trend in domestic procurement ratios reflects the fact 

that electrical machinery is highly export-oriented and has established extensive 

production networks in East Asia (Baba 2005).  

 

4.3 Vertical specialization measures 

The intra-industry trade of intermediate inputs has increased sharply in East Asia.12. 

Simultaneously, due to differences in their stages of industrial development, some 

countries are more specialized in upstream manufacturing activities, while others are 

more specialized in downstream activities. This section considers how respective 

countries were specialized within East Asian production networks and how they have 

changed their roles and positions within them. Note that the specialization of respective 

countries reflects advancements in international linkages, but this is actually a 

reflection of domestic linkages as well. 

 As illustrated above, a country that is specialized in downstream activities 

tends to have a high VS/EX ratio, while a country specialized in its upstream activities 

tends to have a high VS1/EX ratio. Figure 2 shows VS/EX and VS1/EX ratios for all 

manufacturing sectors (Sectors 3 to 15) combined, 13  while Tables 4-1 and 4-2 

respectively demonstrate percentage shares of VS and VS1 by trade partner, that is, the 

percentage shares of country R in Equations (9) and (10). 

 

                                                   
12 For the advancement of intra-industry trade of intermediate inputs in East Asia, see 
Appendix 1. 
13 This is equivalent to average VS/EX and VS1/EX ratios for all manufacturing sectors 
combined, weighted by the share of exports of each manufacturing sector. For VS/EX 
and VS1/EX ratios of each manufacturing sector in 2005, see the Appendix 2.  
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[Figure 2 around here] 

 

It is notable that the SE4 sharply increased its VS/EX ratios during the period 

1975-1990, and became deeply involved in East Asian production networks as final 

assemblers of imported inputs 14  Similarly, China participated in the regional 

production networks, and this is reflected in significant increases in its VS/EX ratios 

during the period 1990-2005. It should be observed, however, that the SE4’s VS1/EX 

ratios also increased substantially during the period 1990-2005, which implies that they 

started to be specialized in exports of intermediate inputs as well.  

Japan used to have very low VS/EX ratios, which is a reflection of the 

extremely high self-sufficiency levels of Japanese manufacturing industries, but 

gradually increased its VS/EX ratios during the period 1975-2005. During this time, 

Japan became increasingly specialized in its upstream activities, as reflected by rapid 

increases in its VS1/EX ratios. Note that both the rising VS/EX ratio and the rising 

VS1/EX ratio are in line with the increasing intra-industry trade of intermediate inputs. 

In this regard, Korea is quite different from other countries. Korea’s VS/EX ratio used to 

be very high, but has gradually declined. At the same time, Korea increased its VS1/EX 

ratios sharply.  

Regarding the percentage shares of VS and VS1 by trade partners, Table 3-1 

shows that Japan previously had very high shares of VS in all the included countries. 

This implies that a large amount of Japan’s value added content was contained in their 

exports due to a high dependency on intermediate inputs from Japan. However, the 
                                                   
14 Note that foreign direct investment in the SE4 increased rapidly after the mid-1980s.  
These economies then joined East Asian production networks as final assemblers of 
manufactured products. 
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other countries substantially decreased their dependency on Japan (for instance, from 

69 percent to 35 percent in the SE4; from 61 percent to 41 percent in Korea) during the 

period 1975-2005, although Japan still provided the highest share of value added 

content in 2005. China, Korea, and the SE4, on the other hand, increased their shares of 

VS, gradually eroding Japan’s position as a dominant supplier of inputs. At the same 

time, Japan increased its value added content from other countries, particularly China 

and Korea. 

 

[Table 3-1, 3-2 around here] 

 

Table 3-2 shows that, in 2005, China increased its shares of VS1 and came to 

have the highest shares in all the countries. In particular, Korea’s dependency on 

China‘s exports increased very rapidly (from 4 percent to 46 percent during the period 

1990-2005). In a similar vein, Japan increased its dependency on China’s exports, while 

other countries decreased their dependency on Japan’s exports over the period 

1975-2005. 

In summary, it has been clearly shown that after less developed countries, such 

as the SE4 and China, joined East Asian production networks they initially increased 

their dependency on imported inputs. Over time they also gradually increased exports 

of intermediate inputs. On the other hand, more developed countries such as Japan and 

Korea were becoming increasingly specialized in their upstream activities. Moreover, 

while a highly self-sufficient economy like Japan increased its dependency on imported 

inputs, Korea demonstrated an opposite trend. It is therefore noteworthy that such a 

downward trend in Korea’s VS/EX ratio is a reflection of the deepening of domestic 
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linkages; in particular, the trend in a VS/EX ratio is closely associated with those in 

domestic procurement ratios of each country. ,.  

  

5. Conclusion 

This study has demonstrated that the industrial deepening is crucially important for a 

country to achieve sustainable economic growth. First, industrial deepening will 

promote structural transformations. Second, it will contribute to a reduction in trade 

deficits. Third, it will increase the competitiveness of relevant industries. Fourth, it 

constitutes an important channel for technology transfer. Finally, it will reduce a 

country’s vulnerabilities with regard to external shocks. 

 To investigate the progress of industrial deepening, this study introduced two 

kinds of domestic procurement measures, in addition to the previously developed local 

content measures. Moreover, two kinds of vertical specialization measures were used to 

demonstrate how respective East Asian economies were specialized in terms of their 

vertical production networks. 

 The findings reveal that the SE4, comprising Malaysia, Thailand, Indonesia, 

and the Philippines, had relatively low domestic procurement ratios, particularly in the 

machinery sectors. Moreover, their participation in East Asian production networks has 

led to an increased dependency on imported inputs. A similar phenomenon has also 

occurred in China as its manufacturing industries used to be highly self-sufficient, but 

participation in associated production networks has increased China’s dependency on 

imported inputs.  

 The Japanese manufacturing sectors were shown to be increasingly specialized 

in terms of their upstream activities, but gradually increased Japan’s dependency on 
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inputs provided by neighboring countries over the period of analysis. The Korean 

manufacturing sectors were shown to be quite unique in this respect as they increased 

their self-sufficiency, which was seen in their decreasing VS/EX ratio and increasing 

domestic procurement ratios. 

 Developing economies such as SE4 and China had weak local supplier bases, 

particularly in machinery sectors, so their participation within regional production 

networks initially increased their dependency on imported inputs. It should be noted, 

however, that developing countries in East Asia have started to increase their own 

exports of intermediate inputs and have thus become more specialized in their 

upstream manufacturing activities. Simultaneously, developed countries in the region 

such as Japan and Korea have been shown to be increasingly specialized in their 

upstream activities.  

 Regarding domestic procurement ratios, machinery sectors were shown to have 

different trends depending on the characteristics of industries and industrial policies 

adopted by respective countries. In particular, electrical machinery had relatively low 

domestic procurement ratios on a downward trend, while transport machinery 

exhibited the opposite trend.  

Taken together, the findings of this study show that as a result of the 

continuous advancement of production networks, the development of local supplier 

bases does not necessarily lead to a deepening of domestic linkages, except in industries 

that have strong tendencies toward agglomeration; rather, intra-industry trade of 

materials and parts has increased in East Asia and external linkages are further 

strengthened at the expense of domestic linkages. In such industries, the benefits of 

advancement of production networks, including the benefits obtainable from relocating 
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labor-intensive manufacturing activities to less developed countries, exceed the benefits 

of agglomeration. The results of this study suggests that more policy efforts should be 

made to strengthen local supplier bases, so that they will lead to either the formation of 

domestic linkages within particular countries, or the formation of external linkages 

across borders. However, it is not policy makers but market mechanism that will 

determine which industries are likely to strengthen domestic linkages or external 

linkages.   

 

 

 

 
 
References 
 
Asian Development Bank (2013) “Asia’s Economic Transformation: Where to, How, and 
How Fast?” Key Indicators for Asia and the Pacific. Part 1 Special Chapter. 
 
Baba, Toshiyuki (2005) Supporting Industries in Asia (in Japanese Ajia no Susono 
Sangyo) Tokyo: Hakuto Shobo.  
 
Blalock, Garrick and Paul Gertler (2007) “Welfare Gains from Foreign Direct 
Investment through Technology Transfer to Local Suppliers,” Journal of International 
Economics vol. 74 (2) pp. 402-421.  
 
Chenery, B. Hollis and Tsunehiko Watanabe (1958) “International Comparisons of the 
Structure of Productions” Econometrica, Vol. 26, No.4. pp. 487-521. 
 
Dyer, Jeffrey H. (1994) “Dedicated Assets: Japan’s Manufacturing Edge”. Harvard 
Business Review. November-December: 174-88. 
 



24 
 

____________ (1996) “How Chrysler Created an American Keiretsu”. Harvard Business 
Review, July-August: 42-56. 
 
Feenstra, Robert C. and Gordon H. Hanson (1996) “Globalization, outsourcing, and 
wage inequality,” American Economic Review 86(2): 240-245. 
 
Felipe, Jesus, Utsav Kumar, and Arnelyn Abdon (2014) “How rich countries because 
rich and why poor countries remain poor: It’s the economic structure…duh!” Journal of 
Japan and the World Economy, 29, pp. 46-58. 
 
Hirschman, Albert O. (1958) The Strategy of Economic Development, New Heaven: Yale 
University Press:. 
 
Javorcik, Beata Smarzynska (2004) “Does Foreign Direct Investment Increase the 
Productivity of Domestic Firms? In Search of Spillovers through Backward Linkages,” 
American Economic Review, Vol. 94, No. 3, pp. 605-627. 
 
Johnson, Robert and Guillermo Noguera. (2012) “Accounting for Intermediates: 
Production Sharing and Trade in Value-added”, Journal of International Economics, Vol. 
86: pp. 224-236. 
 
Koopman, Robert, Zhi Wang, and Shang-Jin Wei. (2012) “Tracing Value Added and 
Double-Accounting in Gross Exports”, NBER Working Paper 18579. MA: NBER.  
 
Kharas Homi and Harinder Kohli (2011) “What is the Middle Income Trap, Why do 
Countries Fail into it, and How Can It Be Avoided?” Global Journal of Emerging Market 
Economies 2011 3:281, Published by Sage on behalf of Emerging Market Forum, 
http://eme.sagepub.com/ 
 
Kharas, Homi and Indermit Gill (2007) An East Asian Renaissance: Ideas for Economic 
Growth, The World Bank. 

Krugman, Paul and Anthony Venables (1995) “Globalization and inequality of nations,” 
Quarterly Journal of Economics, vol. 110: 857-880. 
 



25 
 

Kuroiwa, Ikuo (2009) "Value Content And Production Networks In Southeast Asia: 
Application of AFTA and ASEAN-Plus-One FTA Formulas," The Developing Economies, 
vol. 47(2), pages 147-176. 
 
____________ (2014) “Value Added Trade and Structure of High Technology Exports in 
China”, IDE Discussion Paper, No. 449.  
 
____________ and Hiroshi Kuwamori (2011) “Impact of the US Economic Crisis on East 
Asian Economies: Production Networks and Triangular Trade through Chinese 
Mainland”, China and World Economy, vol. 19, No. 6, pp. 1-18. 
 
Matsumura, Fumitake and Kiyoshi Fujikawa (1998) Economic analysis of home 
production: International input–output linkages of multinational enterprises (in 
Japanese Kokusanka no keizai bunseki: Takokuseki kigyo no kokusai sangyo renkan). 
Tokyo: Iwanami Shoten. 
 
Porter, E. Michel (1990) “Competitive Advantage of Nations”, Harvard Business Review 
March-April 1990. 
 
Puga, Diego (1999) “The rise and fall of regional inequality,” European Economic 
Review, vol.43: 303-334. 
 
Simpson, David and Jinkichi,Tsukui (1965) “The Fundamental Structure of 
Input-Output Tables: An International Comparison,” Review of Economics and 
Statistics, Vol.47, No.4, pp.434-446. 
  
Tham Siew Yean and Wai, Heng, Loke (2011) “Industrial Deepening in Malaysia: Policy 
Lessons for Developing Countries”, Asian Development Review, vol. 28 (2), pp. 88-109. 
  



26 
 

Appendix 1 

Table 4 indicates the Grubel-Lloyd (GL) indices for intermediate inputs (i.e., materials, 
parts, and components) in East Asia. The Grubel-Lloyd index for sector i in country S is 
calculated as follows: 
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i
.  

The analysis clearly shows that the Grubel-Lloyd indices increased for both materials 

and parts in all included countries, implying that intra-industry trade of materials and 

parts have increased in East Asia. In particular, the GL indices for machinery parts 

significantly increased: for instance, the GL index in the SE4 increased from 0.01 to 

0.59 during the period 1975-2005, while that in Korea increased from 0.04 to 0.74.  

 

[Appendix: Table 4 around here] 

 

Appendix 2 

Figures 3-1 to 3-4 show the VS/EX and VS1/EX ratios for respective manufacturing 

sectors in 2005 (those for 1975 and 1990 are not reported here due to limitations of 

space). As expected from Figure 2, many sectors in the SE4, China, and Korea have 

higher VS/EX ratios than VS1/EX ratios, while those in Japan demonstrate an opposite 

trend. Also notable is that manufacturing sectors, such as metal products in the SE4, 

wooden furniture and other wooden products in Japan and Korea, exhibit very high 

VS/EX ratios, while pulp and paper in Japan demonstrates a relatively high VS1/EX 

ratio. 

 

[Appendix: Figures 3-1 to 3-4] 
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Figure 1-1 Local content in direct and total measures, SE4, 2005 

 

Data: Asian International Input-Output Table, 2005 
 
Figure 1-2 Local content in direct and total measures, China, 2005 

 

Data: Asian International Input-Output Table, 2005 
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Figure 1-3 Local content in direct and total measures, Japan, 2005 

 

Data: Asian International Input-Output Table, 2005 
 
Figure 1-4 Local content in direct and total measures, Korea, 2005 

   

Data: Asian International Input-Output Table, 2005 
1) Sector classification in Figures 1-1 to 1-4: 1 Agriculture, livestock, forestry, and 

fishery; 2 Mining and quarrying; 3 Food, beverage, and tobacco; 4 Textile, leather, 
and the products thereof; 5 Wooden furniture and other wooden products; 6 Pulp 
and paper; 7 Chemical products (including petroleum and petroleum products); 8 
Rubber products; 9 Non-metallic mineral products; 10 Metal products; 11 General 
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machinery; 12 Electrical machinery; 13 Transport machinery; 14 Precision 
machinery; 15 Other manufacturing products; 16 Electricity, gas, and water supply; 
17 Construction; 18 Trade and transport; 19 Services (including public 
administration).       

2) DM: direct measure; TM: total measure. 
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Figure 2 VS/EX and VS1/EX ratios (SE4, China, Japan, Korea)   

  
Data: Asian International Input-Output Table, 1975, 1990, 2005 
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Table 1 Domestic procurement ratios for machinery sectors 

 
Data: Asian International Input-Output Table, 1975, 1990, 2005 
1) GM: General machinery; EM: Electrical machinery; TrM: Transport machinery;  

PM: Precision machinery; 
2) DM: direct measure; TM: total measure 
 
 
 
 
  

DM TM DM-TM DM TM DM-TM DM TM DM-TM DM TM DM-TM

GM 75 46 36 10 NA NA NA 97 85 12 77 49 28
GM 90 45 32 13 93 82 11 97 88 9 80 59 21
GM 05 53 34 19 89 68 21 92 80 12 87 60 27

EM 75 63 50 13 NA NA NA 95 83 13 58 37 21
EM 90 39 30 8 80 68 12 94 86 8 66 47 19
EM 05 50 32 18 73 54 19 83 72 12 57 39 18

TrM 75 45 36 9 NA NA NA 98 86 13 65 42 23
TrM 90 46 34 13 83 72 11 98 89 9 85 62 22
TrM 05 61 39 22 90 69 21 96 83 13 85 58 27

PM 75 70 57 13 NA NA NA 96 85 11 48 32 15
PM 90 58 43 15 84 73 11 94 86 8 73 54 19
PM 05 64 41 22 81 61 19 92 80 13 76 53 24

SE4 China Japan Korea
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Table 2-1 Domestic procurement ratios for materials and parts (General machinery) 

 
Data: Asian International Input-Output Table, 1975, 1990, 2005 
 
Table 2-2 Domestic procurement ratios by materials and parts (Electrical machinery) 
 

 
Data: Asian International Input-Output Table, 1975, 1990, 2005 
 
 
 
 
 
 
  

DM TM DM-TM DM TM DM-TM DM TM DM-TM DM TM DM-TM

CP 75 53 29 24 NA NA NA 92 80 12 87 55 32
CP 90 64 33 31 97 78 18 96 79 16 91 49 41
CP 05 78 40 38 97 62 36 94 64 30 94 56 38

MP 75 49 26 22 NA NA NA 98 91 8 84 44 39
MP 90 45 21 24 93 81 13 99 88 11 90 60 31
MP 05 45 20 25 95 71 24 98 83 15 94 65 29

NP 75 72 41 31 NA NA NA 98 95 3 76 55 21
NP 90 67 48 19 99 97 2 97 92 5 93 78 14
NP 05 64 40 24 96 88 7 91 85 6 79 61 18

PA 75 24 12 11 NA NA NA 96 92 5 59 38 21
PA 90 26 12 15 90 77 13 95 92 3 66 51 14
PA 05 42 23 19 86 70 16 88 81 7 82 65 17

SE4 China Japan Korea

DM TM DM-TM DM TM DM-TM DM TM DM-TM DM TM DM-TM

CP 75 49 30 19 NA NA NA 95 80 15 80 47 33
CP 90 39 21 18 95 75 20 95 78 17 73 40 32
CP 05 52 28 24 98 58 40 92 61 31 46 32 14

MP 75 63 38 26 NA NA NA 88 77 11 77 33 45
MP 90 23 10 14 96 81 15 88 74 13 78 43 35
MP 05 48 17 31 97 69 28 82 65 18 73 40 33

NP 75 77 58 19 NA NA NA 98 94 4 49 33 17
NP 90 57 39 18 80 82 -2 97 91 6 92 80 12
NP 05 82 43 39 97 83 14 92 84 8 86 66 20

PA 75 43 25 18 NA NA NA 96 92 4 40 25 15
PA 90 12 6 5 59 30 29 93 90 3 51 34 17
PA 05 37 18 20 47 20 27 73 60 13 43 24 19

SE4 China Japan Korea
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Table 2-3 Domestic procurement ratios by materials and parts (Transport machinery) 

 
Data: Asian International Input-Output Table, 1975, 1990, 2005 
 
Table 2-4 Domestic procurement ratios by materials and parts (Precision machinery) 

  
Data: Asian International Input-Output Table, 1975, 1990, 2005 
1) CP: Chemical products; MP: Metal products; NP: Non-metallic mineral products; 

PA: Parts for own sector (e.g., general machinery parts used by the general 
machinery sector). 

2) DM: direct measure, TM: total measure. 
 

 

DM TM DM-TM DM TM DM-TM DM TM DM-TM DM TM DM-TM

CP 75 66 28 38 NA NA NA 96 81 15 74 47 27
CP 90 56 27 29 93 74 19 94 80 15 87 48 38
CP 05 79 40 40 98 61 37 88 66 22 90 54 36

MP 75 43 17 25 NA NA NA 99 91 7 63 32 32
MP 90 39 17 23 85 70 15 97 84 13 84 56 28
MP 05 41 18 22 96 71 25 94 80 14 78 54 25

NP 75 82 41 41 NA NA NA 99 96 3 79 43 36
NP 90 72 49 23 99 95 4 95 91 4 89 75 14
NP 05 38 28 10 95 87 7 95 90 5 82 62 20

PA 75 25 17 9 NA NA NA 98 96 2 64 48 16
PA 90 28 21 8 74 53 21 98 96 2 90 82 7
PA 05 63 46 17 88 72 16 97 90 7 92 78 14

SE4 China KoreaJapan

DM TM DM-TM DM TM DM-TM DM TM DM-TM DM TM DM-TM

CP 75 63 37 25 NA NA NA 85 78 7 82 51 31
CP 90 71 36 35 94 76 19 97 79 19 87 46 40
CP 05 69 34 34 99 61 38 96 65 30 90 54 36

MP 75 79 46 33 NA NA NA 97 90 7 85 37 48
MP 90 76 37 39 86 72 13 94 80 14 84 52 32
MP 05 47 18 29 100 74 26 94 76 18 96 60 36

NP 75 61 44 17 NA NA NA 97 94 3 57 42 14
NP 90 58 47 11 99 94 4 92 89 4 85 75 10
NP 05 57 40 17 34 50 -16 84 82 3 64 53 11

PA 75 71 66 4 NA NA NA 94 90 4 4 1 3
PA 90 38 25 13 39 20 19 90 85 5 31 18 13
PA 05 72 56 16 27 11 16 47 36 10 51 29 22

SE4 China Japan Korea
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Table 3-1 Decomposition of VS by trade partner 

 
Data: Asian International Input-Output Table, 1975, 1990, 2005 
  
Table 3-2 Decomposition of VS1 by trade partner 

 
Data: Asian International Input-Output Table, 1975, 1990, 2005 
  

SE4 CHN JPN KOR TWN SGP USA

SE4  75 0 NA 69 1 NA 5 24
SE4  90 0 5 46 6 9 8 26
SE4  05 0 20 35 10 8 9 18

CHN 75 NA NA NA NA NA NA NA
CHN 90 7 0 45 5 16 2 26
CHN 05 12 0 35 23 12 4 15

JPN 75 11 NA 0 7 NA 2 81
JPN 90 8 9 0 12 9 2 59
JPN 05 16 27 0 16 10 3 29

KOR 75 5 NA 61 0 NA 0 34
KOR 90 3 0 57 0 4 1 34
KOR 05 6 19 41 0 7 4 22

SE4 CHN JPN KOR TWN SGP USA

SE4  75 0 NA 34 12 NA 28 27
SE4  90 0 5 17 8 13 42 15
SE4  05 0 30 14 9 12 26 9

CHN 75 NA NA NA NA NA NA NA
CHN 90 18 0 26 1 2 36 17
CHN 05 23 0 17 17 16 11 17

JPN 75 16 NA 0 22 NA 9 52
JPN 90 14 4 0 18 23 21 20
JPN 05 19 28 0 18 19 6 10

KOR 75 5 NA 55 0 NA 4 37
KOR 90 16 4 25 0 15 16 24
KOR 05 13 46 12 0 16 5 8
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Appendix: Figure 3-1 VS/EX and VS1/EX ratios, SE4, 2005 

 
Data: Asian International Input-Output Table, 2005 
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Appendix: Figure 3-2 VS/EX, VS1/EX, China, 2005 

 
Data: Asian International Input-Output Table, 2005 
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Appendix: Figure 3-3 VS/EX, VS1/EX, Japan, 2005  

 

Data: Asian International Input-Output Table, 2005 
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Appendix: Figure 3-4 VS/EX, VS1/EX, Korea, 2005 

 
Data: Asian International Input-Output Table, 2005 
1) For sector classification in Figures 3-1 to 3-4, see the footnote of Figures 1-1 to 1-4.  
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Appendix: Table 4 GL indices for materials and parts (intermediate transactions only) 

 
Data: Asian International Input-Output Table, 1975, 1990, 2005 
1) CP: Chemical products (materials); MP: Metal products (materials); NP: 

Non-metallic mineral products (materials); GM: General machinery (parts); EM: 
Electrical machinery (parts); TrM: Transport machinery (parts); PM: Precision 
machinery (parts). 

 
 
 
 

SE4 China Japan Korea
1975 1990 2005 1975 1990 2005 1975 1990 2005 1975 1990 2005

CP 0.40 0.47 0.76 NA 0.70 0.46 0.89 0.94 0.78 0.24 0.51 0.76
MP 0.70 0.52 0.59 NA 0.98 0.91 0.29 0.71 0.66 0.54 0.96 0.99
NP 0.39 0.65 0.91 NA 0.54 0.56 0.21 0.86 0.76 0.69 0.89 0.49

GM  0.12 0.50 0.76 NA 0.84 0.74 0.29 0.31 0.40 0.36 0.29 0.79
EM 0.69 0.96 0.94 NA 0.72 0.81 0.40 0.46 0.69 0.84 0.87 0.83
TrM 0.01 0.05 0.59 NA 0.17 0.69 0.52 0.34 0.50 0.04 0.47 0.74
PM 0.91 0.64 0.88 NA 0.69 0.76 0.38 0.43 0.74 0.51 0.35 0.94
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