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1  Background
Participation in global value chains (GVCs) has become increasingly important as a 
strategy for economic development in less developed countries. Previously, industrial 
development proceeded in a certain order, for instance, from import to domestic pro-
duction and then to the export of manufactured goods, as illustrated by the fundamental 
“flying geese” pattern of development (Akamatsu 1962). Simultaneously, sequences of 
structural transformation occur in industries, such as upgrading from (i) consumer to 
intermediate and capital goods and (ii) technologically simple products to complex and 
sophisticated ones.

However, this sequence of industrial development has become vague because of the 
expansion of GVCs. Indeed, a developing country can ascend into GVCs for sophisti-
cated products, including high-tech products, by specializing in a niche segment of 
the value chain and becoming an exporter of these products. This  phenomenon has 
occurred because of the rapid decline in trade and communication costs caused by 
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technological development, trade liberalization, and regional integration. The expansion 
of GVCs has also affected the development strategies of developing economies. On the 
one hand, it is no longer necessary or efficient to build an entire value chain from scratch 
through infant industry protection, as assumed in Akamatsu’s (1962) model. Rather, 
a country can specialize in a niche segment of the value chain and then proceed to a 
higher value chain activity through its own upgrade efforts. On the other hand, the glo-
balization of the economy, spurred by trade liberalization and economic integration, has 
narrowed the policy space for developing countries, making it increasingly difficult to 
protect infant industries.

Against this background, trade in value added has been explored as a method of ana-
lyzing international trade, where production processes have been increasingly frag-
mented across national borders and the difference between gross and value-added 
exports has grown rapidly.1 In particular, VS (vertical specialization; i.e., foreign content 
in exports) and VS1 (domestic content used as an input for re-exports) were originally 
developed by Hummels et al. (2001). Subsequently, Daudin et al. (2011) presented VS1* 
(the domestic content of imports). Johnson and Noguera (2012) defined value-added 
exports. Koopman et al. (2014) synthesized these studies by tracing the value-added and 
double-counted elements contained in gross exports. Furthermore, Wang et al. (2017a) 
proposed alternative measures of GVC participation by decomposing value added and 
final product production in a different way and separating GVC participation into sim-
ple and complex GVC activities. Borin and Mancini (2019) proposed a different method 
of decompositions and developed GVC participation and vertical specialization meas-
ures that deal with double-counting terms differently.

In another methodological direction, production length and a sector’s position (i.e., 
relative upstreamness or downstreamness) in a value chain has been explored by econo-
mists such as Fally (2012), Antràs et al. (2012), Antràs and Chor (2013), and Miller and 
Temurshoev (2017). Recently, Wang et al. (2017b) developed a new set of measures for 
the average production length and relative upstreamness in a value chain.

However, many of these studies, which rely on the analysis of international input–out-
put data, have focused on the structure of vertical trade particularly the acceleration of 
vertical fragmentation of the production process,  and have not explored value chain 
mapping per se, which is a core element of conventional value chain analysis.

Nevertheless, value chain mapping has been conducted using  different strands of 
research. However, the major drawback of current value chain analyses—mainly con-
ducted by sociologists, economic geographers, and business strategists—is the lack of 
objective or quantitative data. For instance, a value chain map is typically drawn using 
information collected via interviews or other secondary sources. Consequently, “the 
analysis and policy recommendations provided in GVC studies are often based on 
qualitative data and are therefore subjective” (Frederick 2014, p. 19). In addition, the 
above approach does not capture the secondary or indirect repercussions caused by the 
sequence of input–output relations (e.g., mining → refined petroleum → automotive 

1 It holds that gross exports = value added exports (VT) + domestic content in intermediate exports that finally returns 
home (VS*) + foreign content in exports (VS) (Koopman et  al. 2014). Thus, the ratio of value added exports to gross 
exports, called the VAX ratio (Johnson and Noguera 2012), is expected to decrease with the progress of vertical speciali-
zation.
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parts → chemicals → motor vehicles, where only chemicals are counted as inputs to 
motor vehicles in conventional value chain analysis).

To bridge this gap, this study introduces a method of value chain mapping using inter-
national input–output data. As shown below, this value chain mapping method, which is 
based on Ozaki’s (1980) unit structure analysis and framed with the general equilibrium 
framework, fills this void and provides objective information on the inter-industry trans-
actions of goods and services, as well as primary input (value added) and final output 
(final demand) transactions, which emerge along the entire value chain.

As an application of this method, this study investigates the agricultural value chains 
in three Greater Mekong Subregion (GMS) countries: Thailand, Vietnam, and Cam-
bodia. Unlike the machinery sector, for example,  it is technically difficult for the agri-
cultural sector to fragment the production process across space; however, it would still 
gain substantial benefits from participation in GVCs. First, modern agricultural inputs, 
such as fertilizers, pesticides, and petroleum fuel, are often procured from abroad. Sec-
ond, agricultural products are exported directly or indirectly as materials for food and 
other processed products consumed abroad. As shown below, agricultural value chains 
have been increasingly internationalized due to the progress of regional cooperation 
and integration among ASEAN countries since the early 1990s, although there is still 
room to benefit from GVC participation, especially in less developed countries such as 
Cambodia.

This study uses the OECD’s inter-country input–output (ICIO) tables for 1995 and 
2011 (2016 edition) to calculate trade in value added and to quantitatively demonstrate 
the transformation of the agricultural sector in these three GMS countries.2 Further-
more, this study applies the value chain mapping method to the ICIO tables for 2011.

The remainder of this paper is organized as follows. Section  2 introduces the value 
chain mapping method. Section 3 first compares the structure of the agricultural sector 
in the three GMS countries. This is then followed by the results of the trade in value-
added analysis and the method of value chain mapping. The results indicate significant 
differences between the three countries in terms of the structure of their agricultural 
value chains, particularly the use of agricultural inputs, sourcing of foreign inputs, and 
access to foreign markets. Section 4 concludes the paper with a summary of the findings.

2  Methods
This section introduces a unit structure analysis to explore the method of value chain 
mapping. In this study, the unit structure analysis was extended in two directions. First, 
Ozaki’s (1980) method, originally developed for a single-country input–output model, 
was extended to a multi-country model. Second, unlike Ozaki’s method, which consid-
ers only the input structure of an industry (i.e., upstream transactions) using the Leon-
tief inverse, the technique introduced here was also applied to the analysis of the output 
structure (i.e., downstream transactions) using the Ghosh inverse.

2 The original ICIO tables cover 62 countries or regions, but these are aggregated into 21 countries or regions, as shown 
in Fig. 1. The ICIO tables cover 34 sectors, as shown in Table 4 in Appendix 1.



Page 4 of 23Kuroiwa  Economic Structures            (2021) 10:6 

2.1  Upstream transactions

Unit structure analysis, which aims to explore the structure of inter-industry relations in 
a single-country framework, was applied to the OECD’s ICIO data to calculate the inter-
country transactions of goods and services, as well as value added, which are directly or 
indirectly induced by one unit of final demand for specific industries.

In the Leontief model, the accounting identity on the output side can be expressed as

where x is the (nm × 1) vector of total output; m and n represent the number of coun-
tries and sectors, respectively; Z is the (nm × nm) intermediate transaction matrix; f  is 
the (nm × 1) vector of final demand; and i is the (nm × 1) column vector consisting of all 
ones.3 Then, the input coefficient matrix is obtained by A = Zx̂−1

, where x̂ is the diago-
nal matrix of the column vector x . Substituting this into Eq. (1) gives

Transforming Eq. (2), x is obtained as follows:

where I and L are the identity matrix and Leontief inverse matrix, respectively. Next, dif-
ferentiating each element in x in Eq. (3) with regard to each element in f yields:

where lrsij  represents the output of sector i in country r induced by one unit of final 
demand for industry j in country s. Then, the unit structure for upstream transactions 
can be obtained by post-multiplying A by the diagonal matrix of the column vector of 
sector j in country s l(s)(j) (which is a part of the Leontief inverse matrix L):

where L̂(s)(j) is the diagonal matrix of column vector l(s)(j) . Then, using Eq.  (4), it can be 
shown that u(s)qr

(j)hi
= a

qr
hi l

rs
ij =

�z
qr
hi

�xri

�xri
�f sj

=
�z

qr
hi

�f sj
 , where zqrhi  denotes the value of the inter-

mediate inputs produced by industry h in country q and used by industry i in country r. 
Hence, when j is specified as the agricultural sector, u(s)qr

(j)hi
 represents a transaction of 

inputs from industry h in country q to industry i in country r induced by one unit of final 
demand for the agricultural products in country s.

Similarly, induced value added—paid as remuneration for primary inputs, such as 
labor and capital—is calculated by post-multiplying the row vector of the value-added 
coefficients by L̂(s)(j):

(1)x = Zi + f ,

(2)x = Ax + f .

(3)x = (I− A)−1f = Lf ,

(4)lrsij =
�xri

�f Sj
,

(5)U
(s)
(j) = AL̂

(s)

(j) ,

3 In the following, if x, Z, f, and other symbols were replaced by the matrices or vectors that comprise only a single 
country, it would be equivalent to Ozaki’s unit structure analysis.
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where v′ is the (1 × nm) row vector of the value-added coefficients.4 Then, it holds that 
v
(s)r

(j)i
=

�vri
�xri

�xri
�f sj

=
�vri
�f sj

 , such that v(s)r
(j)i

 represents the value added in industry i in country 

r induced by one unit of final demand for industry j in country s.
Moreover, it is important to note that summing v(s)r

(j)i
 across origin countries ( r  = s ) 

and sectors gives the VS share of industry j in country s, as shown in Eq. (13) in Appen-
dix 2.

2.2  Downstream transactions

A different approach is necessary to map the downstream transactions. This study pro-
poses the use of the Ghosh (1958) model as an alternative to the Leontief model. Unlike 
the demand-driven Leontief model, the Ghosh model is a supply-driven model that uses 
the Ghosh inverse to estimate the outputs in the respective sectors induced by one unit 
of value added (primary inputs) from a particular sector.5

In the Ghosh model, the accounting identity on the input side is expressed as

Then, the output coefficient matrix is obtained as B = x̂−1Z. Substituting this into 
Eq. (7) yields

so that x′ is given by

where G is the Ghosh inverse matrix. Next, differentiating each element in x′ in Eq. (9) 
with regard to each element in v′ yields

In contrast to Eq. (4), grsij  represents the output of sector j in country s induced directly 
or indirectly by one unit of value added in sector i in country r. Then, downstream trans-
actions can be obtained by pre-multiplying B by the diagonal matrix of the row vector of 
sector i in country r g(r)(i)  (which is a part of the Ghosh inverse matrix G):

where Ĝ(r)
(i) is the diagonal matrix of row vector g(r)(i) . Similar to Eq.  (5), it holds that 

d
(r)st
(i)jk = grsij b

st
jk =

�xsj
�vri

�zstjk
�xsj

=
�zstjk
�vri

 . Thus, when i is specified as the agricultural sector,d(r)st
(i)jk  

(6)v
(s)′

(j) = v′L̂
(s)

(j) ,

(7)x′ = i′Z+ v′.

(8)x′ = x′B+ v′,

(9)x′ = v′(I− B)−1 = v′G,

(10)grsij =
�xsj

�vri
.

(11)D
(r)
(i) = Ĝ

(r)
(i)B,

4 The value-added coefficient is the ratio of value added to total output.
5 For the repercussion mechanism of the Ghosh model, see Chapter 12 in Miller and Blair (2009). Miller and Blair also 
discuss the plausibility and mathematical relationship between the Leontief and Ghosh inverses.
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represents a transaction of inputs from industry j in country s to industry k in country t 
induced by one unit of value added to the agricultural sector in country r.

Similarly, the final demand transactions induced by one unit of value added in industry 
i in country r are given as follows:

where F is the (nm × 6 m) matrix of the final demand coefficients.6  7

3  Results and discussion
3.1  The structure of the agricultural sector

In this section, agricultural value chains are discussed from the viewpoint of produc-
tion and trade structure. The three countries—Thailand, Vietnam, and Cambodia—are 
in different stages of industrial development and thus their agricultural value chains can 
be situated in different positions with regard to the development of regional production 
networks. Moreover, rapid progress in regional cooperation and integration has been 
observed since the early 1990s because the ASEAN Free Trade Area (AFTA) agreement, 
which comprised Thailand and other older ASEAN member countries, was signed in 
1992; Vietnam and Cambodia joined AFTA in 1995 and 1999, respectively. As discussed 
below, the progress of regional integration has affected the development of the agricul-
tural value chain in this region.8

Table 1 compares the agricultural sector in the three countries in terms of their share 
of agricultural value added, exports, and degree of diversification in the industrial struc-
ture.9 During 1995–2011, the agricultural sector grew rapidly in these three countries, 
with Thailand generating the largest value added, followed by Vietnam and Cambodia. 
During the same period, the share of agricultural value added declined, with the excep-
tion of Thailand, and the industrial structure was increasingly diversified, as reflected by 
a decrease in the Herfindahl index. However, although a higher-income country tends to 
register a lower share, the agricultural sector still occupies a relatively high value-added 
share.

During 1995–2011, agricultural exports increased sharply in Thailand and Viet-
nam, but declined slightly in Cambodia. Correspondingly, the share of agricultural 
exports increased in Thailand and Vietnam but declined sharply in Cambodia, with a 
slight decrease in export diversification. Cambodia’s export structure is unconventional 
because the share of textile products and footwear increased drastically, achieving 40 

(12)F
(r)
(i) = Ĝ

(r)
(i)F,

8 Although more recent ICIO tables (2005–2015: 2018 edition) were published by the OECD, this study will used the 
2016 edition. This is because (i) the 2016 edition (1995–2011) is more suitable for exploring the impact of regional inte-
gration on the agricultural value chain since the early 1990s; and (ii) there are significant differences between the 2016 
and 2018 editions in terms of, for example, the system of national accounts (SNA) and the international standard indus-
trial classification (ISIC) used for the construction of the tables, so that they cannot be used interchangeably.
9 In the OECD’s ICIO tables, the agricultural sector is composed of agriculture, hunting, forestry, and fishing (see 
Table 4 in Appendix 1).

6 The final demand coefficient is the ratio of final demand to total output.
7 In the ICIO tables, the final demand matrix for each country has 6 × m columns because the distribution of goods and 
services for final consumption is divided into m destination countries and six final demand columns (i.e., household con-
sumption, non-profit institutions serving households, general government final consumption, gross fixed capital forma-
tion, changes in inventories, and direct purchases abroad by residents) for each destination country.
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percent of total exports in 2011, thus squeezing the share occupied by other sectors, 
including the agricultural sector.

Regarding the export orientation of the agricultural sector, Thailand and Vietnam 
increased their export dependency and their ratios of exports to value added reached 
29.6 percent and 24.1 percent, respectively, in 2011. In contrast, Cambodia’s export ratio 
was 4.7 percent in 2011.

3.2  Trade in value added: decomposition of the VS share

Figure 1 shows the VS share of the agricultural sector in 21 countries or regions. The 
VS share of the agricultural sector represents the percentage share of foreign content 
embodied in agricultural exports (see Eq. 13 in Appendix 2).10 

Figure  1 shows that in all countries or regions except New Zealand, the VS share 
increased significantly during 1995–2011. This finding demonstrates that these coun-
tries increased their dependency on imported agricultural inputs such as fertilizers, pes-
ticides, and fuels. Among the three countries, Thailand had the highest VS share (35.5 in 
2011) followed by Vietnam (14.4). In contrast, Cambodia had an extremely low VS share 
(1.2), which was even lower than that of large countries such as Indonesia (15.5), China 
(5.7), and India (4.1). This finding implies that the agricultural value chain in Cambodia 
is highly self-sufficient with little dependency on foreign inputs. From the viewpoint of 
a value chain, Cambodia is thus not fully utilizing opportunities to improve productiv-
ity by facilitating access to cheaper or higher-quality inputs abroad.11 This is particularly 

Table 1 Agricultural (AGR) sector in Thailand, Vietnam, and Cambodia (1995, 2011). Source: 
calculated from the OECD’s ICIO tables, 1995, 2011

The Herfindahl index is calculated as H =

n∑
i=1

�
2
i
, where �i is the value-added or export share of sector i in each country, and 

n is the number of industrial sectors

Thailand Vietnam Cambodia

1995 2011 1995 2011 1995 2011

AGR value added (1000USD) 15,375,127 41,700,614 5,415,244 28,677,206 1,638,451 4,382,146

Share of AGR value added (%) 9.1 11.4 27.2 22.0 50.6 35.4

Herfindahl index (VA) 0.07 0.06 0.12 0.10 0.29 0.16

AGR export (1000USD) 1,228,837 12,336,873 380,336 6,917,529 393,279 324,498

Share of AGR export (%) 1.8 4.9 5.6 7.3 38.3 4.7

Herfindahl index (EXP) 0.09 0.06 0.10 0.08 0.22 0.23

AGR EXP/VA ratio (%) 8.0 29.6 7.0 24.1 24.0 7.4

10 The VS measure indicates the degree of backward GVC participation at the country-sector level, while the VS1 meas-
ure provides the degree of forward GVC participation (Hummels et al. 2001; Koopman et al. 2014). This study, however, 
focuses on the VS measure, and the forward GVC participation will be discussed in connection with the downstream 
transactions of value chain mapping.
11 OECD (2013) shows that an industry with a high share of imported inputs displays, on average, higher productivity 
among OECD countries because foreign inputs embody more productive technology and local resources are allocated 
more efficiently. Specifically, increased productivity results from (1) a price effect—increased intermediate imports result 
in stronger competition and therefore lower prices for inputs; (2) a supply effect—increased imports enhance the variety 
of inputs available; and (3) a productivity effect—new intermediate inputs may spur innovation in the final goods sector 
by enhancing access to knowledge.
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relevant in a country such as Cambodia where the procurement of high-quality agricul-
tural inputs is severely constrained by the underdevelopment of the local manufacturing 
sector.

Table 2 shows a breakdown of the VS share by country of origin, where foreign value 
added is created by the agricultural exports of the three countries (Eq. 14). China’s share 
has increased remarkably, suggesting that it has become an important supplier of agri-
cultural inputs for the three countries. Furthermore, along with major exporters of agri-
cultural inputs such as China, the EU, and the rest of the world (ROW), Vietnam and 
Thailand have become important suppliers of agricultural inputs to Cambodia.

Table 3 shows a breakdown of  the VS share by sector of origin, where foreign value 
added is generated by agricultural exports (see Eq. 15). In Thailand, the share of foreign 
content increased substantially (with an exception of pulp and paper) during 1995–2011, 
and they were high for minerals (3.6 in 2011), chemicals (1.7), agriculture (0.9), food 
products (0.5), and refined petroleum (0.5). Similarly, service sectors such as wholesale 
and retail trade (3.2), financial intermediation (1.8), transport (1.5), and business services 
(0.9) showed a high foreign content share. These sectors were ranked highly in Vietnam 
as well, reflecting the similarity in the input structure. In contrast, Cambodia had a sig-
nificantly lower share of foreign content than Thailand and Vietnam.

3.3  Value chain mapping

VS indicates the share of foreign content embodied in exports. Furthermore, the decom-
position of VS is useful for tracing foreign content by source country and industry. How-
ever, because these are aggregated data, they provide insufficient information to trace 
value-added activities along the chain. Furthermore, unlike conventional value chain 
analysis, trade in value added does not provide any information on the transactions of 
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Fig. 1 VS share of agricultural exports by country (1995, 2001). The original ICIO tables cover 62 countries 
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India, and the ROW (source: calculated from the OECD’s ICIO tables, 1995, 2011)
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intermediate goods and services that accompany value-added activities. In contrast, the 
value chain mapping method addresses these constraints.

1. Upstream transactions

 A unit structure analysis provides information on the flow of intermediate transac-
tions as well as the creation of value added induced by one (which is normalized to 
100) unit of final demand for a specific sector. Using the above information, a value 
chain is mapped, with transactions traced along the chain.

 For instance, Figs. 2, 3, and 4 constructed based on Tables 5, 6, and 7, respectively, 
report the 25 largest inter-industry transactions in the newly created input–output 
tables representing the unit structure (for more details, see Appendix 3). The direc-
tion of the arrows in Fig. 2 indicates which inputs (shown on the left-hand side of the 
arrows) are used to produce the outputs (shown on the right-hand side), with the 
final destination of the arrows being one unit of agricultural products.

 In summary, these figures demonstrate the sequence of upstream transactions of 
goods and services induced by one unit of final demand for agricultural products. 

Table 2 Share of foreign content by country of origin (1995, 2011). Source: calculated from the 
OECD’s ICIO tables, 1995, 2011

The bold values represent the domestic content of Thailand, Vietnam, and Cambodia. The other figures in Table 2 represent 
foreign content by country of origin

Thailand Vietnam Cambodia

1995 2011 1995 2011 1995 2011

China 0.25 1.69 0.44 1.90 0.04 0.22

Japan 1.67 1.67 0.97 0.67 0.09 0.04

Korea 0.36 0.50 0.73 0.69 0.04 0.04

Taiwan 0.37 0.39 0.48 0.38 0.05 0.06

Hong Kong 0.12 0.17 0.08 0.11 0.03 0.02

Singapore 0.39 0.83 0.46 0.37 0.04 0.04

Malaysia 0.37 0.65 0.25 0.53 0.03 0.04

Brunei 0.07 0.02 0.01 0.05 0.00 0.00

Philippines 0.03 0.15 0.04 0.16 0.00 0.01

Indonesia 0.20 0.67 0.17 0.48 0.08 0.06

Thailand 90.44 81.91 0.36 0.66 0.15 0.11

Vietnam 0.06 0.20 93.48 85.55 0.03 0.20

Cambodia 0.14 0.02 0.11 0.20 99.09 98.77
India 0.14 0.50 0.08 0.83 0.01 0.04

Australia 0.26 0.67 0.17 0.86 0.01 0.02

New Zealand 0.06 0.09 0.02 0.10 0.00 0.00

USA 1.09 1.57 0.33 1.15 0.06 0.07

Canada 0.14 0.16 0.06 0.14 0.01 0.01

Mexico 0.06 0.07 0.01 0.04 0.00 0.00

EU 1.82 2.44 1.01 1.55 0.16 0.11

ROW 1.96 5.63 0.76 3.57 0.07 0.16

Total 100 100 100 100 100 100
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Additionally, the value-added activities that accompany the transactions of goods 
and services are recorded on the right-hand side of the figures, deriving the informa-
tion from the corresponding sectors in the VA row in Tables 5, 6, and 7. For instance, 
the top left of Fig.  2 shows that the Thai agricultural sector received inputs from 
domestic sectors such as agriculture (9.1), food products (7.9), refined petroleum 
(4.1), chemicals (2.2), rubber products (0.6), financial intermediation (3.7), wholesale 
and retail trade (2.8), and transport (0.8) (the figures in parentheses are derived from 

Table 3 Share of foreign content by sector of origin (1995, 2011). Source: calculated from the 
OECD’s ICIO tables, 1995, 2011

Thailand Vietnam Cambodia

1995 2011 1995 2011 1995 2011

AGR 0.75 0.93 0.42 2.74 0.07 0.07

MIN 0.99 3.63 0.37 1.54 0.04 0.23

FOD 0.34 0.46 0.09 0.72 0.07 0.03

TEX 0.04 0.06 0.06 0.05 0.01 0.04

WOD 0.02 0.04 0.02 0.06 0.00 0.00

PAP 0.20 0.19 0.13 0.15 0.02 0.02

PET 0.27 0.45 0.20 0.34 0.04 0.07

CHM 1.21 1.66 0.90 0.79 0.05 0.06

RBP 0.15 0.20 0.09 0.16 0.01 0.01

NMM 0.04 0.05 0.04 0.06 0.01 0.01

MET 0.16 0.42 0.21 0.31 0.03 0.02

FBM 0.17 0.34 0.10 0.16 0.02 0.01

MEQ 0.16 0.23 0.32 0.17 0.03 0.01

CEQ 0.06 0.10 0.08 0.13 0.01 0.01

ELQ 0.04 0.06 0.05 0.07 0.01 0.00

MTR 0.04 0.06 0.05 0.06 0.01 0.01

TRQ 0.04 0.10 0.20 0.04 0.01 0.00

OTM 0.02 0.06 0.02 0.09 0.01 0.02

EGW 0.19 0.31 0.14 0.26 0.02 0.02

CON 0.06 0.12 0.04 0.09 0.01 0.01

WRT 1.70 3.23 1.22 2.86 0.18 0.25

HTR 0.06 0.11 0.05 0.09 0.01 0.01

TRN 0.88 1.46 0.72 1.44 0.10 0.13

PTL 0.13 0.24 0.09 0.16 0.02 0.02

FIN 0.88 1.79 0.31 0.61 0.06 0.07

REA 0.22 0.35 0.17 0.30 0.03 0.03

RMQ 0.05 0.09 0.03 0.06 0.01 0.01

ITS 0.06 0.16 0.03 0.10 0.00 0.01

BZS 0.46 0.90 0.26 0.59 0.03 0.05

GOV 0.04 0.07 0.03 0.06 0.00 0.00

EDU 0.03 0.04 0.03 0.03 0.00 0.00

HTH 0.01 0.02 0.01 0.02 0.00 0.00

OTS 0.08 0.17 0.05 0.14 0.01 0.01

PVH 0.00 0.00 0.00 0.00 0.00 0.00

Total 9.56 18.09 6.52 14.45 0.91 1.23
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Fig. 2 Flow of upstream transactions: agricultural sector in Thailand (2011). This figure is based on Table 5 
(the volume of transactions and value added generated in the respective sectors are omitted from the figure). 
For the sector classification of this figure and Figs. 3, 4, see Table 4 (source: calculated from the OECD’s ICIO 
tables, 2011)

Fig. 3 Flow of upstream transactions: agricultural sector in Vietnam (2011). This figure is based on Table 6 
(source: calculated from the OECD’s ICIO tables, 2011)

Fig. 4 Flow of upstream transactions: agricultural sector in Cambodia (2011). This figure is based on Table 7 
(source: calculated from the OECD’s ICIO tables, 2011)
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Table  5). Among them, a value chain sequence, mining (from both Thailand and 
the ROW) → refined petroleum → agriculture, can be seen in the domestic input 
transactions. Simultaneously, value added is generated in the sectors that provide 
intermediate inputs (see the top right of Fig. 2).12 Because a higher consumption of 
refined petroleum is considered to reflect a higher usage of agricultural machinery 
such as tractors and harvesters, the existence of such a sequence reflects a higher 
level of mechanization in the Thai agricultural sector.

 Moreover, since chemical products, which include chemical fertilizers and pesti-
cides, are critical inputs for agriculture, the sequence of chemicals → agriculture is 
also an important segment of the agricultural value chain, for which the major sup-
pliers of chemicals were Thailand (2.2), Japan (0.6), China (0.5), and the ROW (0.5).

 Figure  3 indicates the similarities in the structure of the value chains of Vietnam 
and Thailand, but a notable difference is that chemical inputs were relatively low in 
Vietnam (0.6). Furthermore, unlike Thailand, inputs from refined petroleum do not 
appear in Fig. 3.13 Regarding foreign inputs, inputs from agriculture, food products, 
and wholesale and retail trade were relatively high, but neither chemicals nor refined 
petroleum was included in this category. These results suggest that there is still room 
to improve the productivity of Vietnam’s agricultural sector in terms of the use of 
chemicals and agricultural machinery, particularly those imported.

 The above structure is clearly shown in Fig. 4. As shown in Table 7, Cambodia had 
an extremely high value-added share in the agricultural sector (98.14). This result 
implies that Cambodia’s agricultural sector was highly self-sufficient and that its 
backward linkages with other sectors, including chemical inputs and refined petro-
leum, were extremely weak.14, 15 As in other countries, a variety of industries were 
stimulated by agricultural output, but their volume was extremely small. However, 
it is still notable that the sequence of mining (Vietnam) → refined petroleum (Viet-
nam) → agriculture (Cambodia) was an important segment of Cambodia’s agricul-
tural value chain, reflecting Cambodia’s strong linkages with the Vietnamese supply 
chain.

2. Downstream transactions
 Figures 5, 6, and 7 are produced based on Tables 8, 9, and 10, respectively. In contrast 

to Fig. 2, Fig. 5 starts with one unit of value added (primary inputs) in agricultural 
products, which is subsequently used as an intermediate input for purchasing sectors 
such as food products. The outputs of the purchasing sectors are then used as inputs 

12 Exceptions to this are refined petroleum and wholesale and retail trade in the ROW. These sectors appear only in 
value added transactions because primary and service sectors tend to have higher value-added ratios than manufactur-
ing sectors.
13 This implies that inputs from refined petroleum in Vietnam is below 0.4 units (i.e., the minimum value in Table 6).
14 A government official at the Ministry of Agriculture, Forestry, and Fisheries of Cambodia said to the author that the 
“chemicals used in agriculture are too little because of higher costs of imported agricultural chemical inputs and tradi-
tional farming systems, where the main purpose of farming is for household consumption.”.
15 Another possibility is that, as pointed out by Kuroiwa and Tsubota (2014), Cambodia’s external trade and linkages 
could be significantly underestimated because of its unofficial trade with neighboring countries, particularly Thailand 
and Vietnam.
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for other purchasing sectors such as hotels and restaurants, whose outputs are finally 
consumed by households. Consequently, these figures demonstrate the sequence 
of the downstream transactions of goods and services induced by one unit of value 
added (primary inputs) in the agricultural sector.  

 Figure  5 shows that in Thailand, agricultural outputs were used as inputs for food 
products (35.6), agriculture (9.1), rubber products (7.7), wood products (1.7), tex-
tiles (1.5), hotels and restaurants (5.6), as well as final demand sectors such as house-
hold consumption (25.3) and changes in inventory (2.2). Among them, food prod-
ucts received the largest amount of agricultural input. Food products were then used 
as inputs for food products (6.2), agriculture (2.9), hotels and restaurants (3.6), and 
household consumption (13.9), as well as household consumption in Japan (1.5), the 
United States (1.2), the EU (1.2), and the ROW (1.8). Hotels and restaurants, whose 
services are finally consumed by households, were also important sales destinations 
for agricultural output.

 Some agricultural outputs were exported to China (2.4) and Japan (1.0) as inputs 
for food products. Food products are consumed by households in these countries. 

Fig. 5 Flow of downstream transactions: agricultural sector in Thailand (2011). This figure is based on Table 8. 
For the sector classification of this figure and Figs. 6, 7, see Table 4 (source: calculated from the OECD’s ICIO 
tables, 2011)

Fig. 6 Flow of downstream transactions: agricultural sector in Vietnam (2011). This figure is based on Table 9 
(source: calculated from the OECD’s ICIO tables, 2011)
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Simultaneously, agricultural outputs were exported to China (1.0) as inputs for tex-
tiles.

 Figure 6 shows that the basic structure of Vietnam’s agricultural value chain is similar 
to that of Thailand. As in Thailand, Vietnam’s food products were stimulated strongly 
by agricultural outputs (41.9), and sectors that were stimulated by food products 
inluded agriculture, food products, hotels and restaurants, and household consump-
tion in both domestic and overseas markets. In Vietnam, however, the EU played a 
more significant role as a sales destination. Vietnam’s agricultural products were used 
by the food industry in the EU (2.2) and China (1.3), which then provided their out-
puts for household consumption in their home markets.

 Figure 7 and Table 10 show that in Cambodia, overall transactions of goods and ser-
vices induced by the agricultural sector were very small. First, this finding reflects 
the fact that the Cambodian agricultural sector, where a large percentage of agricul-
tural output (71.0) was consumed by domestic households, had an extremely weak 
linkage with other sectors. Second, unlike Thailand and Vietnam, Cambodia’s food 
products did not stimulate household consumption abroad because the bulk of agri-
cultural products were exported directly without further processing and were only 
used as inputs for agriculture (in Vietnam) and food products (in Vietnam, China, 
and Korea).

 Third, some hotel and restaurant services, which received inputs from the agricul-
tural sector (9.1), were directly purchased by residents from the United States (0.5). 
This finding reflects the fact that Cambodia attracted many foreign tourists who 
spent large amounts of money in local hotels and restaurants.

 Finally, neighboring countries were becoming important trade partners of Cambodia. 
In particular, a substantial amount of Cambodia’s agricultural output was exported to 
Vietnam as an input for agriculture and food products, which then stimulated agri-
culture, food products, and household consumption in Vietnam. This also implies 
that lucrative markets, such as the EU, the United States, Japan, China, and Korea, 
have not yet been exploited by Cambodia’s agricultural industry.

Fig. 7 Flow of downstream transactions: agricultural sector in Cambodia (2011). This figure is based on 
Table 10 (source: calculated from the OECD’s ICIO tables, 2011)
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4  Conclusions
This study introduced a method of value chain mapping that uses international input–
output data. International input–output tables are one of the most comprehensive 
data sources that document all transactions of goods and services across national bor-
ders. The method of analysis introduced in this study combines the concept of value 
chain mapping with the input–output analysis technique, particularly the unit struc-
ture analysis and the supply-driven Ghosh model. The method clearly demonstrates 
that the value chain of a specific industry or commodity can be mapped with both 
the upstream and downstream transactions of goods and services traced along the 
chain. Furthermore, the method provides more comprehensive and detailed informa-
tion on the sequences of value-adding activities along the chain than does the analysis 
of trade in value added.

The results of the analysis show that although the rapid progress of regional integra-
tion has affected the development of the agricultural value chain, there are still signifi-
cant differences in terms of the internationalization of value chain activities. Thailand’s 
agricultural value chains are the most advanced and internationalized among the three 
countries in terms of upstream transactions. In particular, critical agricultural inputs 
such as chemicals and refined petroleum were procured from both international and 
domestic sources. However, Vietnam and Cambodia did not fully utilize opportunities 
to improve productivity by participating in GVCs. Specifically, Cambodia’s agricultural 
sector was highly self-sufficient, with little dependency on imported inputs.

In contrast, Thailand and Vietnam show diversified downstream transactions. In par-
ticular, food products produced using agricultural outputs were widely consumed by 
households in both domestic and international markets. In Cambodia, the overall trans-
actions of goods and services stimulated by agricultural outputs were extremely small. 
Moreover, Cambodia’s agricultural output had no significant effect on household con-
sumption abroad because of the underdevelopment of the food processing industry.

Although the method proved useful, there were some constraints regarding the data 
and methodology. First, it is desirable to construct more disaggregated data with a 
greater number of sector classifications, including for agriculture and related indus-
trial sectors. Second, the current input–output data had an industrial activity-based 
sector classification, while a conventional value chain analysis concerns the business 
functions performed by firms, such as design, production, marketing, distribution, 
and support  to the final consumer. Such a difference would be reconciled if input–
output tables were constructed more in line with the concept of business functions.

Appendix 1: Sector classification of the OECD ICIO table (Table 4)

Appendix 2: The VS share and its decomposition
The VS share represents the share of value added induced by exports but accrued to for-
eign countries. The methodology was originally developed by Hummels et al. (2001), and 
it was introduced into the analysis of trade in value added by Koopman et al. (2014).

Using Eq. (6), the VS share of sector j in country s (Eq. (40) in Koopman et al. 2014) 
can be expressed as
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Table 4 Sector classification of the OECD ICIO tables. Source: ICIO tables (OECD)

AGR Agriculture, hunting, forestry, and fishing

MIN Mining and quarrying

FOD Food products, beverages, and tobacco

TEX Textiles, textile products, leather, and footwear

WOD Wood and products of wood, and cork

PAP Pulp, paper, paper products, printing, and publishing

PET Coke, refined petroleum products, and nuclear fuel

CHN Chemicals and chemical products

RBP Rubber and plastics products

NMM Other non‑metallic mineral products

MET Basic metals

FBM Fabricated metal products

MEQ Machinery and equipment, nec

CEO Computer, electronic, and optical equipment

ELQ Electrical machinery and apparatus, nec

MTR Motor vehicles, trailers, and semi‑trailers

TRQ Other transport equipment

OTM Manufacturing nec; recycling

EGW Electricity, gas, and water supply

CON Construction

WRT Wholesale and retail trade; repairs

HTR Hotels and restaurants

TRN Transport and storage

PTL Post and telecommunications

FIN Financial intermediation

REA Real estate activities

RMQ Renting of machinery and equipment

ITS Computer and related activities

BZS Research and development and other business activities

GOV Public admin. and defense; compulsory social security

EDU Education

HTH Health and social work

OTS Other community, social, and personal services

PVH Private households with employed people

HC Household consumption

NPI Non‑profit institution serving household

GGF General government final consumption

GFC Gross fixed capital formation

INV Changes in inventories

CON Direct purchase abroad by residents

DISC Discrepancies

VA Value added
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where v(s)r
(j)i

 represents the value added in sector i in country r induced by one unit of 

export demand for sector j in country s. Here, the VS share is expressed in percentage 
terms, so that it ranges from 0 to 100.

Furthermore, the VS(s)
(j)

 share can be decomposed as follows:

1. Share of foreign content by country of origin (country r):

2. Share of foreign content by sector of origin (sector i):

Appendix 3: Input–output tables representing the unit structure
Tables 5, 6, 7 (Tables 8, 9, 10) are the input–output tables constructed based on Eqs. (5) 
and (6) (Eqs. (11) and (12)).

Each column in Tables 5, 6, 7 indicates how intermediate transactions and value-added 
(both domestic and foreign) are generated by each sector when one unit, which is actu-
ally normalized to 100 units in these tables, of final demand for agricultural outputs is 
given in Thailand (Vietnam, Cambodia). Transactions that occur outside Thailand (Viet-
nam, Cambodia) are recorded on the right-hand side of the tables. Since the transactions 
that occur within and outside the country are numerous, only the 25 largest transac-
tions, whose values may differ depending on the country, are reported.16  17

In contrast, each column in Tables 8, 9, 10 indicates how the outputs are distributed 
to the respective sectors when one unit (which is normalized to 100 units) of value 
added (primary inputs) in agricultural products is given. The row sectors include not 
only intermediate sectors, but also final demand sectors; a large proportion of food 
products, for instance, are distributed to household consumption. As in the upstream 
transactions, downstream transactions that occur outside Thailand (Vietnam, Cam-
bodia) are recorded on the right-hand side of the tables and only the 25 largest trans-
actions are reported.

(13)VS
(s)
(j) share = 100×

m∑

r �=s

n∑

i=1

vri l
rs
ij = 100×

m∑

r �=s

n∑

i=1

v
(s)r
(j)i ,

(14)VS
(s)r
(j) share = 100×

n∑

i=1

v
(s)r
(j)i .

(15)VS
(s)
(j)i share = 100×

m∑

r �=s

v
(s)r
(j)i .

16 In fact, there are potentially 509,796 (= (34 × 21)2) intermediate transactions plus 714 (= 34 × 21) value added trans-
actions in Tables 5, 6, 7. On the other hand, the percentage shares of transactions recorded in the tables (= 100 × (inter-
mediate plus value added or final demand transactions that appear in Tables 5, 6, 7, 8, 9, 10)/(all intermediate plus value 
added or final demand transactions induced by a unit of final agricultural outputs) are as follows: 64.7 percent (Table 5), 
73.5 percent (Table 6), 95.8 percent (Table 7), 56.2 percent (Table 8), 68.4 percent (Table 9), and 82.0 percent (Table 10). 
Therefore, although the number of transactions covered in the tables is small, the percentage shares of transaction values 
are substantially high.
17 As an alternative criterion for selecting the transactions that appear in the tables, a threshold value (i.e. the minimum 
value) can be given to all the transactions. However, this alternative was not adopted, because there are significant differ-
ences in the transaction values between Cambodia and other countries.



Page 18 of 23Kuroiwa  Economic Structures            (2021) 10:6 

Table 5 Unit structure (upstream transactions: 100 units): agricultural sector in Thailand (2011). 
Source: calculated from the OECD’s ICIO tables, 2011

For Tables 5, 6, 7, only the 25 largest transactions are reported in each table. For the sector classification in Tables 5, 6, 7, see 
Table 4

AGR MIN FOD PET CHM RBP WRT TRN FIN

Foreign inputs

 AGR 

 MIN 1.7 (ROW)

 FOD

 PET

 CHM 0.5 (CHN) 0.6 
(JPN) 0.5 
(ROW)

 RBP

 WRT 

 TRN

 FIN 0.5 (SIN)

Domestic inputs

 AGR 9.1 2.9

 MIN 1.1

 FOD 7.9 1.4

 PET 4.1

 CHM 2.2

 RBP 0.6

 WRT 2.8

 TRN 0.8

 FIN 3.7 Overseas transactions:

 VA 67.0 0.8 2.8 0.9 0.8 3.0 3.4 PET (ROW) VA 2.7

AGR MIN FOD PET CHM RBP WRT TRN FIN WRT (ROW) VA 0.9
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Table 6 Unit structure (upstream transactions: 100 units): agricultural sector in Vietnam (2011). 
Source: calculated from the OECD’s ICIO tables, 2011

AGR MIN FOD CHM OTM EGW CON WRT REA

Foreign inputs

 AGR 0.5 (AUS) 0.9 (ROW)

 MIN

 FOD 0.5 (ROW)

 CHM

 OTM

 EGW

 CON

 WRT 0.4 (ROW)

 REA

Domestic inputs

 AGR 38.0 5.2 0.4

 MIN

 FOD 9.6 1.4

 CHM 0.6

 OTM 0.5

 EGW 0.9

 CON 0.5

 WRT 6.1 0.8 0.4 Overseas transactions:

 REA AGR (ROW) VA 1.0

 VA 75.0 0.9 1.9 1.0 4.2 0.4 MIN (ROW) VA 0.8

AGR MIN FOD CHM OTM EGW CON WRT REA WRT (ROW) VA 0.6
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Table 8 Unit structure (downstream transactions: 100 units): agricultural sector in Thailand (2011). 
Source: calculated from the OECD’s ICIO tables, 2011

For Tables 8, 9, 10, only the 25 largest transactions are reported in each table. For the sector classification in Tables 8, 9, 10, 
see Table 4

AGR FOD TEX WOD PBR HTR

Foreign outputs

 AGR 

 FOD 2.4 (CHN) 1.0 (JPN)

 TEX 1.0 (CHN)

 WOD

 RBP

 HTR

 HC 1.9 (CHN) 1.5 (JPN) 1.2 (USA) 
1.2 (EU) 1.8 
(ROW)

 INV

Domestic outputs

 AGR 9.1 2.9

 FOD 35.6 6.2

 TEX 1.5 1.1

 WOD 1.7

 RBP 7.7

 HTR 5.6 3.6

 HC 25.3 13.9 1.3 4.9 Overseas transactions:

 INV 2.2 FOD (CHN) → HC (FOD) 1.8

AGR FOD TEX WOD RBP HTR FOD (JPN) → HC (JPN) 1.1

Table 9 Unit structure (downstream transactions: 100 units): agricultural sector in Vietnam (2011). 
Source: calculated from the OECD’s ICIO tables, 2011

AGR FOD TEX WOD WRT HTR

Foreign outputs

 AGR 

 FOD 1.3 (CHN) 2.2 (EU)

 TEX

 WOD

 WRT 

 HTR

 HC 1.1 (CHN) 1.8 (EU) 1.0 (JPN) 1.5 (USA) 
1.7 (EU) 1.9 
(ROW)

 INV

Domestic outputs

 AGR 38.0 5.2

 FOD 41.9 6.2

 TEX 1.4

 WOD 1.3

 WRT 4.8

 HTR 5.5 1.2 Overseas transactions:

 HC 28.0 18.9 1.4 4.0 FOD (CHN) → HC (CHN) 1.0

 INV 2.6 FOD (USA) → HC (USA) 1.2

AGR FOD TEX WOD WRT HTR FOD (EU) → HC (EU) 2.1
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Table 10 Unit structure (downstream transactions: 100 units): agricultural sector in Cambodia 
(2011). Source: calculated from the OECD’s ICIO tables, 2011

AGR FOD TEX WOD WRT HTR

Foreign outputs

 AGR 1.2 (VNM)

 FOD 0.4 (CHN) 0.4 
(KOR) 1.4 
(VNM)

 TEX

 WOD

 WRT 

 HTR

 HC 0.9 (VNM) 0.9 (USA) 0.7 (EU)

 DPA 0.5 (USA)

Domestic outputs

 AGR 5.0

 FOD 6.3 0.4

 TEX 0.8 0.5

 WOD 0.9

 WRT 4.3 Overseas transactions:

 HTR 9.1 0.5 AGR (VNM) → AGR (VNM) 0.6

 HC 71.0 4.9 0.5 8.0 AGR (VNM) → FOD (VNM) 0.6

 DPA AGR (VNM) → HC (VNM) 0.4

AGR FOD TEX WOD WRT HTR FDD (VNM) → HC (VNM) 0.9
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