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TRACING THAILAND’S LINKAGES TO GLOBAL
SUPPLY CHAIN: APPLICATIONS OF WORLD INPUT-

OUTPUT DATABASE (WIOD) AND STRUCTURAL PATH
ANALYSIS

Nattapong Puttanapong1

Abstract: Trade openness has continuously gained its significance on the structure of Thai
economy.The empirical evidence shows that the increasing inflows of intermediate, machinery
and Foreign Direct Investment (FDI) have simultaneouslycorrelated with the exports of
manufacturing products. This evolution indicates the deeper connection of Thai economy to
the global supply chain.Based on this fact, this study introduces the new approach of
quantifying and tracing the network of impact transmission between the international supply
chain and Thai economy. To construct the global input-output table exhibiting Thailand’s
international trade linkages, the World Input-Output Database (WIOD) is extended to include
Thailand’s domestic and international trade statistics. In order toextract the main structure
of international production network, the computational techniques of Leontief backward and
forward multipliers and the Structural Path Analysis (SPA)are applied to the newly
constructed WIOD table. The computational outcome indicatesthat among Thailand’s
production activities, the electronics manufacturing sector has the highest value of both
international backward and forward multipliers. The result obtained from SPA also reveals
the international production network of electronics industry linking manufacturing processes
across Thailand, Japan, China, Korea, US, EU, Taiwan and rest of the world. The SPA result
identifies thesimilar pattern of linkages to the international supply chain of Thailand’s
manufacturing sector. These findings signify thelinkages between Thai economy and the
international production network, and the importanceof the transmission mechanism of
impactspropagating through connected supply chains.

Keywords: World Input-Output Database, Structural Path Analysis, Global Value Chain.

JEL Classification: F140, F410, R150.

1. INTRODUCTION

Settled on the export-led growth path, the trade openness has gradually deepened
its role in Thai economy. As illustrated on Figure 1, the international trade statistics
show that both import and export are main components of Thailand’s GDP. The
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share of export in GDP has increased from 33% in 1995 to 54% in 2013, and that
of import has expanded from 37% to 52% during the same period.

Figure 1: Percentage share as of GDP of export and import

Source: Bank of Thailand and author’s calculation

Figure 2: The main structure of exports

Source: Bank of Thailand and author’s calculation
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Figure 3: The main structure of imports

Source: Bank of Thailand and author’s calculation

Figure 4: Total Foreign Direct Investment (Unit: millions of US Dollars)

Source: Bank of Thailand

The detailed data, as shown on Figure 2, indicates that the major exported
products are manufacturing products, which are mainly electronics and
machinery. Also Figure 3 exhibits that the biggest portion of imports is a
combination of raw materials and intermediate parts. In addition to the gaining
significance of trade volume, the Foreign Direct Investment (FDI) has been the
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important part of capital inflows, as shown on Figure 4, and it leads to the
expansion of manufacturing activities of foreign companies in Thailand. With
this evolution of empirical evidences, the linkage of Thai economy to the global
economy has been embedding into the network of global supply chain. Hence,
the broader insight on the multifaceted linkage to the world economy is necessary
for the country’s current and future growth strategy.

This study delivers two contributions toward the deepened comprehension
of Thailand’s economic structure and her international linkages. Firstthis paper
introduces the procedure to develop the new data in the format of global
input-output table that represents all connections of Thai economy to the global
supply chain. Second it applies quantitative techniques of Leontief backward
and forward multipliers and the Structural Path Analysis (SPA) to the newly
constructed global input-output table. These computations illustrate and quantify
the major paths of international value chains that generate significant
contributions to Thai economy.

This paper is structured as follows. The following section reviews related
studies on the development of global input-output tables and their applications.
The third section introduces the modification of the existing global input-output
table in order to incorporate details of Thai economy. Then the outcome of
applying computational techniques of the Leontief multiplier and the Structural
Path Analysis to this newly constructed global input-output table is discussed in
the fourth section. The last section concludes key findings and suggests main
issues for future research extension.

2. LITERATURE REVIEW

The expanding globalization has been inducing the higher volume of international
trades and the hike of FDI flows. This global development has also incurred the
inter-country fragmentation of production or international value chain. Hummels
et al. (2001) introduces the definition of fragmentation of production, and states
that the vertical production is account for 25% of total production. Based on this
initiation, Escaith et al. (2010 and 2011) and Lantz et al. (2009) find that more
than 50% of the international trade is the shipment of raw materials and
intermediate goods. Almad et al. (2011), Daudin et al. (2006 and 2009), Johnson
and Noguera (2012) and Koopman et al. (2008 and 2011) use the GTAP database
to study the international trade flow and conclude that the international value
chain has played a significant role in the system of world trade, and the value of
trade balance has to be adjusted to the volume of international shipment of
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intermediate goods. In some cases, this might lead to the magnitude of 30%-40%
adjustment of the conventionally reportedvalues of trade balance.

With these findings, the data of global trade statistics organized in the format
of input-output table is a necessary fundamental for the analysis of international
value chain because it exhibits the detailed structure of production, especially on
the imported intermediate, the domestic value-added creation and the
cross-country usage of products as intermediates and final consumptions. The
fundamental concept of data structure and its application was introduced by
Leontief and Strount (1963) and Sanyaland Jones (1982). This framework of
data arrangement is then adopted by Dietzenbacher et al. (2013) to construct the
World Input-Output Database (WIOD) which are the annual tables of 1995-
2011 covering the statistics of international trade and production structure of 35
sectors and 40 economies.

This database enables researchers to examine details of international trade
and cross-country production network. Studies conducted by Wang et al. (2013),
Nagengast and Stehrer (2014), Koopman et al. (2014), Los et al. (2014), Johnson
(2014) and Timmer et al. (2014) utilize this set of data to investigate the global
fragmentation of production and propose the alternative methodologies of
estimating cross-country value-added creation. These WIOD tables are also main
data sources for Schwörer (2013),Timmer et al. (2013) and Ottaviano (2014) to
study impacts of the global production network on European economy.

The application of WIOD tables is not only limited to the area of international
trade and macroeconomics, but many studies in the field of environmental
economics and climate change have extensively used the set of WIOD tables as
their main data sources. Studies conducted byArto et al. (2013), Zafrilla et al.
(2014), Arto and Dietzenbacher (2014), Xu and Dietzenbacher (2014) and López
et al. (2014) introduce the computation of carbon dioxide emission based on
quantities of economic activities exhibited on WIOD tables. Also in the field of
energy economics, Voigt (2014) uses thetables of WIOD to examine the evolution
of energy intensity in 40 major economies during 1995-2011.

The development of WIOD tables leads to the widespread application,
especially a deeper and broader insight of global production network. However,
there is a limitation on a specific country’s application due to the limited number
of economies covered in the original data set. Hence, this study introduces the
methodology of extending the WIOD table to cover additional data of a specific
economy. The following section introduces theprocedure of includingThailand’s
domestic and international trade statistics into the original WIOD table.
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3. THE CONSTRUCTION OF WORLD INPUT-OUTPUT DATABASE
(WIOD) TABLE WITH THE EXTENSION OF THAILAND’S DATA

There are two main procedures of modifying the WIOD table to explicitly exhibit
trade and production statistics of Thailand. The first step is to adjust the dimension
of the original WIOD and that of GTAP’s global trade data to be compatible. The
second step is the consolidation of two sources of data to formulate the new
WIOD table. In this study, the data of 2007, which is the latest matching year of
both WIOD table and GTAP’s data are used.

For the first step, the original WIOD table, which includes the statistics of 40
economies and 35 commodities, has been aggregated into the data of 8 economies
and 26 commodities, as listed on Table 1 and 2. The conversion has been
conducted by using the author’s GAMS code developed based on computational
techniquessuggested by Corong (2007a), Corong (2007b), Jensen(2005) and
Rutherford(2003). The aggregation of economies is based on the group of countries
and regions that have beenthe major trading partners of Thailand, and the
aggregate of production sectors and commodities was set to maintain the
compatibility with GTAP’s data.

The arrangement of GTAP’s global trade data has been conducted by using
GTAPAgg which is the software of GTAP’s package for data aggregation. The
classification of economies and commodities onGTAPAggis comprised of8
economies and 26 commodities, as identical to the specification of WIOD table
aggregation.After the aggregation process,three important sets of data of Thai
economyand her international trade linkages aregenerated, which are the Social
Accounting Matrix (SAM) of Thailand, Thailand’s imports (represented as GTAP’s
VIWS variable), and Thailand’s exports (the GTAP’s VXWD variable).

In the second step, three data obtained from GTAPAgghas been usedfor
extracting values of Thai domestic economy and her international trades from
the “Rest of the World” group of WIOD table. As a result, the newly constructed

Table 1
A list of country/region and their abbreviations in the new WIOD table

Abbreviation used in WIOD table Country/Region

EU Members of European Union
USA United States of America
CHN China
JPN Japan
KOR South Korea
TWN Taiwan
TH Thailand
ROW Rest of the World
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 Table 2
The concordance between WIOD, GTAP and ISIC rev. 3.1 code

New sector classification for ISIC Rev.3.1 Original WIOD’s GTAP sector
consolidated WIOD table  code sector

classification

1. Agriculture, Hunting, 01-05 C1 prd, wht, gro, v_f,
Forestry and Fishing osd, c_b

pfb, ocr, prc, ctl,
oap,
rmk, wol, fsh, frs

2. Mining and Quarrying 10-14 C2 coa, oil, gas, omn
3. Food, Beverages and Tobacco 15-16 C3 cmt, omt, mil, sgr,

ofd, vol, b_t
4. Textiles and Textile Products 17-19 C4-C5 tex, wap, lea
5. Wood and Products of Wood 20 C6 lum

and Cork
6. Pulp, Paper, Paper, Printing 21-22 C7 ppp

and Publishing
7. Coke, Refined Petroleum and 23 C8 p_c

Nuclear Fuel
8. Chemicals and Rubber 24-25 C9-C10 crp
9. Other Non-Metallic Mineral 26 C11 nmm
10. Basic Metals and Fabricated 27-28 C12 i_s, nfm, fmp

Metal
11. Machinery 29 C13 otn
12. Electrical and Optical 30-33 C14 ele, ome

Equipment
13. Transport Equipment 34-35 C15 mvh
14. Manufacturing 36-37 C16 omf
15. Electricity, Gas and Water 40-41 C17 ely, gdt, wtr

Supply
16. Construction 45 C18 cns
17. Wholesale, Retail, Hotels 50-55 C19-C22 trd

and Restaurants
18. Inland Transport 60, 63 C23, C26 otp
19. Water Transport 61 C24 wtp
20. Air Transport and Others 62 C25 atp
21. Post and Telecommunications 64 C27 cmn
22. Financial Intermediation 65-66 C28 ofi, isr
23. Real Estate Activities and 70-74 C29-C30 obs

Renting  
24. Public Admin, Defense, 75, 80, 85 C31-C33 osg

Health and Education
25. Other Community, Social and 90-95 C34-C35 ros

Personal Services
26. Private Households with – – dwe

Employed Persons

Note: GTAP Sector 57, “DWE”arenot part of ISIC system
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WIOD table includes the new 26 rows and columns representing Thailand’s
production sectors. To complete details of Thailand’sproduction, the proportion
of uses of imported intermediatesis based on those in GTAP’s Thai SAM. With
this augmentation of WIOD table’s dimension, all values of the “Rest of the World”
group are adjusted by subtracting with those of Thailand’s, leaving the total
summation of each row and each columnstill identical to those of original table1.
The consolidation yields the final outcome of global input-output table that has
the structure as shown on Figure 5.

The newly constructed table represents details of trade and production
linkages of Thailand to the global economy. With its format of input-output table,
the structure of cross-country linkages of trades and productions can be
quantitatively extracted by using techniques of the Leontief multiplier and the
Structural Path Analysis.Results from applying both computations to the newly
constructed WIOD table are discussed in the following section.

Figure 5: The structure of modified WIOD table incorporating Thailand’s data
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4. THE APPLICATIONS ON THAILAND’S DOMESTIC AND
INTERNATIONAL TRADE LINKAGES

4.1 The Results from Computation of Leontief Backward and Forward
Multipliers

The concept of Input-Output multiplier, introduced byLeontief (1936) and later
extended byLeontief (1986), Lahr and Dietzenbacher (2001), Dietzenbacher
(2004), Breisinger, Thomas and Thurlow (2009), quantitatively extracts the inter-
industry relationship in the Input-Output table and identifies the contribution of
each production sector to the whole economyby its multiplier’s magnitude. The
values of multiplierscan be computed by conducting the row or column
summation on the inversed matrix of input ratios (i.e. the “A matrix” in Leontief
(1936) and Leontief (1986)). The obtained backward multiplier indicates the
degree of impact of a particular sector on its suppliers along the supply chain
(i.e. the impacts on its upstream partners). On the other hand, the obtained
forward multiplier identifies the impacts of a particular sector on its downstream
connected industries.

 For the domestic inter-industry connections,Figure 6shows the values of
domestic backward and forward multipliers. Also the rankings of both multipliers
are exhibited on Table 3. The value of backward multipliers indicates the
magnitude of impact transmission originated from a particular sector towards
upstream activities. The computational result shows that the Food, Beverages
and Tobacco sector has the highest value of backward multiplier, revealing its
largest contribution to Thai economy through its supply chain. The major factor
of this highest backward impact is its broad and long production network starting
from farming activities to food processing industries. The second largest backward
multiplier is that of Electricity, Gas and Water Supply sector which demands a
variety of input sources with substantial quantity for electricity generation. The
third highest value of backward multiplier is that of Inland Transport sector,
which is one of the biggesteconomicactivitiesemploying large quantities of fuels
and machines. The fourth and the fifth highest backward multipliers are those
of Construction and Textiles sectors, respectively. These sectors have high
backward impacts due to their usages of various intermediates and equipment.

For the forward multiplier, its order of magnitudes identifies the degree of
significance as the upstream producer.For Thai economy, the sector which is the
aggregate of WholesaleandRetailand HotelandRestaurant ranks first as the
activity having the highestforward multiplier. This indicates its contribution as
major supplier to most of domestic productions. The result from calculation reveals
that the Coke, Refinery and Natural Gas industry ranks as the second highest
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forward multiplier. Also the sector of Electricity, Gas and Water Supply
ranksthird. This order of magnitude exhibits the significance of both fossil-based
energy and utility service as the second and third important upstream producers
to other activities. In addition,the forward multiplier ofthe Financial Intermediate
sectorand that of Chemicals and Rubber industryare ranked as the fourthand
fifth highest values, respectively. This outcome specifies the high contributions
of both financial service and the raw material producer to the downstream
productions.

Similar to the methodology and result discussed in Dietzenbacher (2010), the
computation of backward and forward multipliers based on data of the newly
constructed WIOD table dose not only quantify the domestic relationships of
inter-industry networks, but it also yields the magnitudes of trade and production
linkages of Thai production sectors and the global supply chains. Figure 7shows
the result of this computation and Table 4 exhibits the rankings of both
international backward and forward multipliers. Interestingly the Electrical and
Optical Equipment ranks first for both values of cross-country backward and
forward multipliers. This finding indicates the significance roleof Thailand as an
important player in the international value chain ofElectrical and Optical
Equipmentindustry. For the ranking of backward multipliers, the Transport

Figure 6: Domestic backward and forward multipliers of Thailand
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Table 3
Rankings of domestic backward and forward multipliers of Thailand

Rank Sector Backward Rank Sector Forward
Multiplier Multiplier

1. Food, Beverages and 2.0020 1. Wholesale and Retail and 2.9778
Tobacco Hotels and Restaurants

2. Electricity, Gas and Water 1.9236 2. Coke, Refined Petroleum 2.6194
Supply and Nuclear Fuel

3. Inland Transport 1.9191 3. Electricity, Gas and Water 2.5951
Supply

4. Construction 1.9171 4. Financial Intermediation 1.9984
5. Textiles and Textile 1.9133 5. Chemicals and Rubber 1.9610

Products
6. Real Estate Activities and 1.8656 6. Electrical and Optical 1.9539

Renting Equipment
7. Other Community, Social 1.8276 7. Agriculture, Hunting, 1.8845

and Personal Services Forestry and Fishing
8. Wood and Products of 1.7723 8. Mining and Quarrying 1.8294

Wood and Cork
9. Other Non-Metallic 1.7484 9. Other Community, Social 1.7527

Mineral and Personal Services
10. Chemicals and Rubber 1.6542 10. Textiles and Textile 1.6521

Products
11. Air Transport and Others 1.6355 11. Real Estate Activities and 1.6486

Renting
12. Basic Metals and 1.6172 12. Post and Telecommunica- 1.6231

Fabricated Metal tions
13. Leather, Leather and 1.6108 13. Food, Beverages and 1.5702

Footwear Tobacco
14. Agriculture, Hunting, 1.5926 14. Basic Metals and 1.5700

Forestry and Fishing Fabricated  Metal
15. Transport Equipment 1.5822 15. Inland Transport 1.5494
16. Pulp, Paper, Paper, 1.5720 16. Transport Equipment 1.4523

Printing and Publishing
17. Post and Telecommuni- 1.5715 17. Pulp, Paper, Paper, 1.4344

cations Printing and Publishing
18. Water Transport 1.5354 18. Other Non-Metallic Mineral 1.3657
19. Machinery 1.5221 19. Manufacturing 1.2782
20. Manufacturing 1.4918 20. Air Transport and Others 1.2650
21. Electrical and Optical 1.4765 21. Wood and Products of 1.1418

Equipment Wood and Cork
22. Financial Intermediation 1.4391 22. Machinery 1.1252
23. Wholesale and Retail and 1.4132 23. Public Admin and Defense 1.0958

Hotels and Restaurants and Health and Education
24. Mining and Quarrying 1.3872 24. Leather, Leather and 1.0835

Footwear
25. Coke, Refined Petroleum 1.2476 25. Water Transport 1.0808

and Nuclear Fuel
26. Public Admin and Defense 1.2359 26. Construction 1.0455

and Health and Education
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Equipmentsector and the Machinery industry have the second and third highest
values, respectively. This result identifies the large demand for imported
intermediates of both sectors. The Coke, Refined Petroleum and Nuclear Fuel
sector also ranks fourth for this category, reflecting the substantial dependence
of Thai energy supplies on imports. TheManufacturing sector ranks fifth for its
value of international backward multiplier. Following the import statistics shown
on Figure 3, this calculation resultsignifies the dependence of Thai manufacturing
sector on imported inputs.

For international forward multipliers, the Chemicals and Rubber sector has
the second high value. This magnitude affirms the significance of Thai exports of
plastic and rubber products which are among global and regional main players.
The third highest international forward multiplier is that of Wholesale and Retail
and Hotel and Restaurant sector, indicating its contribution as the major service
providers facilitating international trade activities. The Food, Beverages and
Tobacco sector has the fourth biggest value of international forward multiplier,
and this outcome is consistent with its position as one of the world’s major food
exporters. The fifth highest cross-country forward multiplier is that of Textile
industry. This computational result confirms the fact that although some activities
of the textile industry have been reallocated to other countries, there are still
many upstream productions operating in Thailand.

Figure 7: International backward and forward multipliers of Thailand
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Table 4
Rankings ofinternational backward and forward multipliers of Thailand

Rank Sector Backward Rank Sector Forward
Multiplier Multiplier

1. Electrical and Optical 1.5623 1. Electrical and Optical 0.2998
Equipment Equipment

2. Transport Equipment 1.4933 2. Chemicals and Rubber 0.2020
3. Machinery 1.4262 3. Wholesale and Retail and 0.1048

Hotel and Restaurant
4. Coke, Refined Petroleum 1.4131 4. Food, Beverages and Tobacco 0.1033

and Nuclear Fuel
5. Manufacturing 1.2783 5. Textiles and Textile Products 0.0912
6. Air Transport and Others 1.2380 6. Coke, Refined Petroleum 0.0836

and Nuclear Fuel
7. Water Transport 1.2206 7. Agriculture, Hunting, 0.0740

Forestry and Fishing
8. Basic Metals and Fabricated 1.1472 8. Basic Metals and Fabricated 0.0699

Metal Metal
9. Pulp, Paper, Paper, Printing 1.0499 9. Leather, Leather and Footwear 0.0512

and Publishing
10. Leather, Leather and 1.0126 10. Transport Equipment 0.0496

Footwear
11. Inland Transport 0.9796 11. Electricity, Gas and Water 0.0417

Supply
12. Chemicals and Rubber 0.9459 12. Inland Transport 0.0415
13. Construction 0.9203 13. Wood and Products of Wood 0.0411

and Cork
14. Other Community, Social 0.8511 14. Mining and Quarrying 0.0295

and Personal Services
15. Textiles and Textile Products 0.8376 15. Real Estate Activities and 0.0290

Renting
16. Food, Beverages and Tobacco 0.7198 16. Financial Intermediation 0.0285
17. Other Non-Metallic Mineral 0.7037 17. Manufacturing 0.0281
18. Wood and Products of Wood 0.6321 18. Pulp, Paper, Paper, Printing 0.0276

and Cork and Publishing
19. Real Estate Activities and 0.5266 19. Air Transport and Others 0.0269

Renting
20. Electricity, Gas and Water 0.5072 20. Other Community, Social and 0.0173

Supply Personal Services
21. Mining and Quarrying 0.4818 21. Other Non-Metallic Mineral 0.0137
22. Agriculture, Hunting, 0.4700 22. Post and Telecommunications 0.0118

Forestry and Fishing
23. Post and Telecommunications 0.2947 23. Water Transport 0.0117
24. Wholesale and Retail and 0.2901 24. Machinery 0.0057

Hotels and Restaurant
25. Financial Intermediation 0.2251 25. Public Admin and Defense 0.0047

and Health and Education
26. Public Admin and Defense 0.2146 26. Construction 0.0027

and Health and Education
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The relationships among domestic and international multipliers are
summarized as illustrated on Figure 8. Interestingly, there are seven sectors that
have the highest values across categories, implying their multiple roles in both
Thai economy and the international market. The sector of Coke, Refined
Petroleum and Nuclear Fuel has high multipliers of both cases of domestic forward
and international backward. These indicate its operation as the high import-
content producerand also the main supplier to domestic production activities.
The Electricity, Gas and Water Supply sector has double roles to the domestic
economy. With high values of backward and forward multipliers, these utility
services have substantial influences on both upstream and downstream connected
sectors. For the cross-country production chain,Thailand’s Electrical and Optical
Equipment sector has a unique combination of having high values of both
international backward and forward multipliers. This combination indicates its
operation as the high import-content exporter. In addition, other two major
exporting sectors, which are

1. the Food, Beverages and Tobacco and

2. the Textiles, have the mixture of high domestic backward and high international
forward multipliers.

These reflect their production processes as the high local-content exporters.
The last group of combination is the case of high values of both domestic and
international forwards multipliers. This group, which is comprised of

Figure 8: The relationships among top values ofdomestic and international multipliers
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1. Wholesale and Retail and Hotel and Restaurant and

2. Chemicals and Rubber, plays a significant role as the main upstream producers
that supply both domestic and exporting activities.

4.2 THE RESULTS FROM STRUCTURAL PATH ANALYSIS (SPA)

As introduced by Defourny and Thorbecke(1984) and Kahn and Thorbecke(1989),
the Structural Path Analysis (SPA) is the mathematical technique that decomposes
the detail of Leontief multiplier. Specifically, this methodology reveals the network
relationship of economy-wide impact transmission. Technically the SPA is based
onthe concept developed by Lantner (1974), which generates the values of all
direct and indirect influences transmitted from the point of origin to the sector of
destination. In this study, the SPA is applied to the newly constructed WIOD
table, which incorporates the explicit data of Thailand. This computation
decomposes Leontief multipliers and reveals details of direct and indirect paths
of each multiplier.

Due to the limitation of space, the decomposition results of the five highest
backward multipliers are discussed. These selected results obtained from the SPA
are shown in on Table 5-92. Table 5 and Figure 9-11 exhibit the decomposition
result of the international backward multiplier of Thailand’s Electrical and Optical
Equipment sector, which has the highest value of this category. The SPA results
identify that there are 3 main paths3 of backward connections behind this
multiplier.All paths starts from Thailand’s Electrical and Optical Equipment sector
but have different destination points which are the Electrical and Optical
Equipment sectors located in Rest of the World, Japan and China. The results
from SPA also unveil the indirect linksthat represent the production network of
this industry connecting manufacturing based in Thailand, Japan, China, Korea,
Taiwan, US, EU and Rest of the World.

For the Transport Equipment sector whose backward multiplier ranks second,
the result from SPA, as shown on Table 6 and Figure 12, indicates that there is
the only main path which is the linkages of production between Thailand and
Japan, with two indirect influences showing the intermediate processes located
in EU and the Rest of the World. This result of multiplier decomposition is similar
the case of Thailand’s Machinery sector, whose backward multiplier ranks as
the third highest value. The SPA result, exhibited on Table 7 and Figure
13,indicates that there is the onlymain production linkage between the Machinery

1 The full details of results obtained from SPA are also available upon request.
2 The path is classified as the main one if the value of its influence is higher than 0.1.
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Figure 9: Main backward path 1 of Thailand’s Electrical and Optical Equipment sector

Note: The value shown on each path is its Total Influence (TI)

Figure 10: Main backward path 2 of Thailand’s Electrical and Optical Equipment sector

Note: The value shown on each path is its Total Influence (TI)

sector in Thailand and that of EU. In addition to the direct link, the SPA result
shows that there are three indirect influences that represent the network
connecting productions located in Thailand, US and EU.

The fourth highest multiplier is that of Coke, Refined Petroleum and Nuclear
Fuel sector. As Thailand’s fossil-based energy mainly depends onimports, the
decomposition result,shown on Table 8 and Figure 14, signifies the important
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Figure 11: Main backward path 3 of Thailand’s Electrical and Optical Equipment sector

Note: The value shown on each path is its Total Influence (TI)

Table 6
SPA’s result of main backward paths of Thailand’sTransport Equipment sector

Country and Country and Country and Global Direct Path Total TI/GI Cumulative
Sector of Sector of Sector of Influence Influence Multiplier Influence (%) (%)
Origin Destination Destination (GI) (TI)

(order 1)  (order 2)

TH Transport JPN Transport
Equipment Equipment 0.2060 0.1100 1.8435 0.2027 98.4033 98.4033
TH Transport EU Transport JPN Transport
Equipment Equipment Equipment 0.0001 2.2423 0.0003 0.1331 98.5364
TH Transport ROW Transport JPN Transport 0.0004 2.1880 0.0008 0.3923 98.9287
Equipment Equipment Equipment

Figure 12: Main international backward paths of Thailand’sTransport Equipment sector

Note: The value shown on each path is its Total Influence (TI)



430 � Nattapong Puttanapong

Table 7
SPA’s result of main backward paths of Thailand’sMachinery sector

Country and Country and Country and Global Direct Path Total TI/GI Cumulative
Sector of Sector of Sector of Influence Influence Multiplier Influence (%) (%)
Origin Destination Destination (GI) (TI)

(order 1)  (order 2)

TH Machinery EU Machinery 0.1348 0.1108 1.1708 0.1297 96.2508 96.2508
TH Machinery USA Machinery EU Machinery 0.0008 1.2435 0.0009 0.6944 96.9452
TH Machinery ROW Basic EU Machinery 0.0001 1.4543 0.0002 0.1208 97.0660

Metals and
Fabricated
Metal

TH Machinery ROW Machinery EU Machinery 0.0012 1.2802 0.0016 1.1813 98.2472

Figure 13: Main international backward paths of Thailand’s Machinery sector

Note: The value shown on each path is its Total Influence (TI

ofimport inputs from the Rest of the World’s Mining and Quarrying sector. The
last selected SPA result is the decomposition of the backward multiplier of
Machinery sector, which is composed of two main paths. As exhibited on Table
9 and Figure 15, the first path is the international production network that links
Thailand’s Machinery sector and Rest of the World’s Basic Metals and Fabricated
Metal sector. The decomposition shows that in addition to the direct linkage,there
are also indirect paths connecting production processes located in Japan, Korea,
China, Taiwan, EU, US and the Rest of the World. Interestingly, the decomposition
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Table 8
SPA’s result of main backward paths of Thailand’s Coke, Refined Petroleum and Nuclear Fuel

sector

Country and Country and Country and Global Direct Path Total TI/GI Cumulative
Sector of Sector of Sector of Influence Influence Multiplier Influence (%) (%)
Origin Destination Destination (GI) (TI)

(order 1)  (order 2)

TH Coke, ROW Mining 0.9373 0.7048 1.3124 0.9250 98.6920 98.6920
Refined and Quarrying
Petroleum
and Nuclear
Fuel
TH Coke, CHN Coke, ROW Mining 0.0002 1.3846 0.0003 0.0281 98.7200
Refined Refined and Quarrying
Petroleum Petroleum
and Nuclear and Nuclear
Fuel Fuel
TH Coke, EU Coke, ROW Mining 0.0001 1.4320 0.0002 0.0168 98.7369
Refined Refined and Quarrying
Petroleum Petroleum
and Nuclear and Nuclear
Fuel Fuel
TH Coke, JPN Mining ROW Mining 0.0002 1.3830 0.0003 0.0305 98.7674
Refined and Quarrying and Quarrying
Petroleum
and Nuclear
Fuel
TH Coke, JPN Coke, ROW Mining 0.0005 1.3730 0.0007 0.0780 98.8454
Refined Refined and Quarrying
Petroleum Petroleum and
and Nuclear Nuclear Fuel
Fuel
TH Coke, USA Coke, ROW Mining 0.0002 1.4039 0.0003 0.0324 98.8778
Refined Refined and Quarrying
Petroleum Petroleum and
and Nuclear Nuclear Fuel
Fuel
TH Coke, ROW Coke, ROW Mining 0.0053 1.3651 0.0072 0.7666 99.6444
Refined Refined and Quarrying
Petroleum Petroleum and
and Nuclear Nuclear Fuel
Fuel

reveals the complex connections which are domestic linkages across industries
and also intra-industry network across countries. For the second main path, as
illustrated on Figure 16, the SPA result identifies that the international network
connecting Thailand’s Machinery sector and Japan’s Basic Metals and Fabricated
Metal sector. Similar to the first path, the decomposition reveals the multifaceted
linkages of both inter-industry and cross-country connections.
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Figure 14: Main international backward paths of Thailand’s Coke, Refined Petroleum
and Nuclear Fuel sector

Note: The value shown on each path is its Total Influence (TI)

T
ab

le
 9

SP
A

’s
 r

es
u

lt
 o

f 
m

ai
n 

b
ac

k
w

ar
d 

p
at

h
s 

of
 T

h
ai

la
nd

’s
M

an
uf

ac
tu

ri
n

g 
se

ct
or

C
ou

nt
ry

 a
nd

 S
ec

to
r

C
ou

nt
ry

 a
nd

 S
ec

to
r

C
ou

nt
ry

 a
nd

 S
ec

to
r

C
ou

nt
ry

 a
nd

 S
ec

to
r

G
lo

ba
l

D
ir

ec
t

P
at

h
To

ta
l

TI
/G

I
C

um
ul

a-
of

 O
ri

gi
n

of
 D

es
ti

na
ti

on
of

 D
es

ti
na

ti
on

of
 D

es
ti

na
ti

on
In

flu
en

ce
In

flu
en

ce
M

ul
tip

lie
r

In
flu

en
ce

(%
)

 ti
ve

(o
rd

er
 1

)
(o

rd
er

 2
)

(o
rd

er
 3

)
(G

I)
(T

I)
(%

)

M
ai

n 
pa

th
 1

TH
 M

an
uf

ac
tu

ri
ng

R
O

W
 B

as
ic

 M
et

al
s

0.
11

03
0.

06
56

1.
33

35
0.

08
75

79
.2

98
1

79
.2

98
1

an
d 

Fa
br

ic
at

ed
M

et
al

TH
 M

an
uf

ac
tu

ri
ng

C
H

N
 B

as
ic

 M
et

al
s

R
O

W
 B

as
ic

 M
et

al
s

0.
00

04
2.

12
56

0.
00

08
0.

73
69

80
.0

35
0

an
d 

Fa
br

ic
at

ed
an

d 
Fa

br
ic

at
ed

M
et

al
M

et
al

TH
 M

an
uf

ac
tu

ri
ng

EU
 B

as
ic

 M
et

al
s

R
O

W
 B

as
ic

 M
et

al
s

0.
00

14
1.

76
03

0.
00

24
2.

18
62

82
.2

21
3

an
d 

 F
ab

ri
ca

te
d

an
d 

Fa
br

ic
at

ed
M

et
al

M
et

al
TH

 M
an

uf
ac

tu
ri

ng
EU

 M
an

uf
ac

tu
ri

ng
R

O
W

 B
as

ic
 M

et
al

s
0.

00
08

1.
39

26
0.

00
12

1.
05

94
83

.2
80

6
an

d 
Fa

br
ic

at
ed

M
et

al
TH

 M
an

uf
ac

tu
ri

ng
JP

N
 B

as
ic

 M
et

al
s

R
O

W
 B

as
ic

 M
et

al
s

0.
00

16
2.

15
72

0.
00

34
3.

11
85

86
.3

99
2

an
d 

Fa
br

ic
at

ed
an

d 
Fa

br
ic

at
ed

M
et

al
M

et
al

TH
 M

an
uf

ac
tu

ri
ng

K
O

R
 B

as
ic

 M
et

al
s

R
O

W
 B

as
ic

 M
et

al
s

0.
00

07
2.

37
81

0.
00

17
1.

52
80

87
.9

27
2

an
d 

Fa
br

ic
at

ed
an

d 
Fa

br
ic

at
ed

M
et

al
M

et
al

TH
 M

an
uf

ac
tu

ri
ng

TW
N

 B
as

ic
 M

et
al

s
R

O
W

 B
as

ic
 M

et
al

s
0.

00
05

1.
96

05
0.

00
11

0.
97

49
88

.9
02

1
an

d 
Fa

br
ic

at
ed

an
d 

Fa
br

ic
at

ed
 M

et
al

M
et

al
TH

 M
an

uf
ac

tu
ri

ng
U

SA
 B

as
ic

 M
et

al
s

R
O

W
 B

as
ic

 M
et

al
s

0.
00

03
1.

77
00

0.
00

06
0.

50
30

89
.4

05
1

an
d 

Fa
br

ic
at

ed
an

d 
Fa

br
ic

at
ed

M
et

al
 M

et
al

TH
 M

an
uf

ac
tu

ri
ng

U
SA

 M
an

u
fa

ct
u

ri
ng

R
O

W
 B

as
ic

 M
et

al
s

0.
00

02
1.

36
36

0.
00

03
0.

24
38

89
.6

48
9

an
d 

Fa
br

ic
at

ed
M

et
al

TH
 M

an
uf

ac
tu

ri
ng

TH
 B

as
ic

 M
et

al
s

R
O

W
 B

as
ic

 M
et

al
s

0.
00

04
1.

65
22

0.
00

07
0.

66
23

90
.3

11
2

an
d 

Fa
br

ic
at

ed
an

d 
Fa

br
ic

at
ed

M
et

al
 M

et
al



Tracing Thailand’s Linkages to Global Supply Chain: Applications of World... � 433
TH

 M
an

uf
ac

tu
ri

ng
TH

 E
le

ct
ri

ca
l a

nd
R

O
W

 B
as

ic
 M

et
al

s
0.

00
02

1.
54

54
0.

00
03

0.
25

79
90

.5
69

0
O

p
tic

al
 E

qu
ip

m
en

t
an

d 
Fa

br
ic

at
ed

M
et

al
TH

 M
an

uf
ac

tu
ri

ng
TH

 T
ra

ns
p

or
t

R
O

W
 B

as
ic

 M
et

al
s

0.
00

01
1.

45
26

0.
00

02
0.

14
14

90
.7

10
5

Eq
ui

p
m

en
t

an
d 

Fa
br

ic
at

ed
M

et
al

TH
 M

an
uf

ac
tu

ri
ng

R
O

W
 C

he
m

ic
al

s
R

O
W

 B
as

ic
 M

et
al

s
0.

00
01

1.
55

12
0.

00
02

0.
14

75
90

.8
58

0
an

d
 R

ub
be

r
an

d 
Fa

br
ic

at
ed

M
et

al
TH

 M
an

uf
ac

tu
ri

ng
R

O
W

 M
an

uf
ac

tu
ri

ng
R

O
W

 B
as

ic
 M

et
al

s
0.

00
24

1.
38

54
0.

00
33

2.
98

70
93

.8
45

0
an

d 
Fa

br
ic

at
ed

M
et

al
TH

 M
an

uf
ac

tu
ri

ng
EU

 M
an

uf
ac

tu
ri

ng
EU

 B
as

ic
 M

et
al

s 
an

d
R

O
W

 B
as

ic
 M

et
al

s
0.

00
02

1.
83

26
0.

00
04

0.
35

64
94

.2
01

3
Fa

br
ic

at
ed

 M
et

al
an

d 
Fa

br
ic

at
ed

 M
et

al

M
ai

n
 p

at
h

 2

TH
 M

an
uf

ac
tu

ri
ng

JP
N

 B
as

ic
 M

et
al

s
0.

10
10

0.
05

21
1.

73
71

0.
09

04
89

.5
13

7
89

.5
13

7
an

d 
Fa

br
ic

at
ed

 M
et

al
TH

 M
an

uf
ac

tu
ri

ng
C

H
N

 B
as

ic
 M

et
al

s
JP

N
 B

as
ic

 M
et

al
s

an
d 

Fa
br

ic
at

ed
an

d 
Fa

br
ic

at
ed

0.
00

01
2.

76
96

0.
00

04
0.

36
30

89
.8

76
8

M
et

al
M

et
al

TH
 M

an
uf

ac
tu

ri
ng

JP
N

 M
an

uf
ac

tu
ri

ng
JP

N
 B

as
ic

 M
et

al
s

0.
00

06
1.

84
04

0.
00

12
1.

14
85

91
.0

25
2

an
d 

Fa
br

ic
at

ed
M

et
al

TH
 M

an
uf

ac
tu

ri
ng

K
O

R
 B

as
ic

 M
et

al
s

JP
N

 B
as

ic
 M

et
al

s
0.

00
05

3.
09

80
0.

00
14

1.
42

28
92

.4
48

0
an

d 
Fa

br
ic

at
ed

an
d 

Fa
br

ic
at

ed
M

et
al

M
et

al
TH

 M
an

uf
ac

tu
ri

ng
TW

N
 B

as
ic

 M
et

al
s

JP
N

 B
as

ic
 M

et
al

s
0.

00
03

2.
55

45
0.

00
08

0.
81

42
93

.2
62

2
an

d 
Fa

br
ic

at
ed

an
d 

Fa
br

ic
at

ed
M

et
al

M
et

al
TH

 M
an

uf
ac

tu
ri

ng
TH

 B
as

ic
 M

et
al

s
JP

N
 B

as
ic

 M
et

al
s

0.
00

04
2.

15
20

0.
00

08
0.

74
76

94
.0

09
8

an
d 

Fa
br

ic
at

ed
an

d 
Fa

br
ic

at
ed

M
et

al
M

et
al

TH
 M

an
uf

ac
tu

ri
ng

TH
 E

le
ct

ri
ca

l a
nd

JP
N

 B
as

ic
 M

et
al

s
0.

00
01

2.
01

30
0.

00
03

0.
29

11
94

.3
00

8
O

p
tic

al
 E

qu
ip

m
en

t
an

d 
Fa

br
ic

at
ed

M
et

al
TH

 M
an

uf
ac

tu
ri

ng
R

O
W

 B
as

ic
 M

et
al

s
JP

N
 B

as
ic

 M
et

al
s 

an
d

0.
00

06
2.

15
72

0.
00

12
1.

19
33

95
.4

94
2

an
d 

Fa
br

ic
at

ed
Fa

br
ic

at
ed

 M
et

al
M

et
al



434 � Nattapong Puttanapong

Figure 15: Main backward path 1 of Thailand’s Manufacturing sector

Note: The value shown on each path is its Total Influence (TI)

Figure 16: Main backward path 2 of Thailand’s Manufacturing sector

Note: The value shown on each path is its Total Influence (TI)

5. CONCLUSION

This paper delivers two contributions on the study of Thailand’s linkages to the
international supply chain. First the procedure of extending the original WIOD
table to explicitly exhibit Thailand’s domestic and international trade data is
introduced. Second the quantitative techniques of Leontief multiplier and the
Structural Path Analysis (SPA) are applied to the modified WIOD table. The
calculation of multipliers indicates that electronics manufacturing has the highest
value of both international backward and forward multipliers. This finding
signifies its contribution to both upstream and downstream connected productions
located across countries. The result generated by Structural Path Analysis (SPA)
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also illustrates the global production network of electronics manufacturing across
Thailand, Japan, China Korea, Taiwan, US, EU and rest of the world. The SPA
result of Thailand’s manufacturing sector also reveals the similar pattern. These
findings affirm the importance of connections between Thai economy and the
international supply chain, and these computational results also identify the
increasing contribution of global volatilities propagating through the linkages of
global production network.

For the future extension and development, the modification of WIOD table
should be expanded to include data of other economies. Similarly the modification
of WIOD tables should be extended to cover the broader time periods in order to
capture the rapidly changing structure of global production network. In addition
to theproposed issues of data improvement, the modified WIOD table should be
applied to the multi-region Computable General Equilibrium model or other price-
endogenous techniques. These proposed applications would provide more insights
on the global transmission mechanism of trade and production.

REFERENCES

Arto, I., and Dietzenbacher, E. (2014), Drivers of the Growth in Global Greenhouse Gas
Emissions. Environmental Science and Technology, 48(10), 5388-5394. doi: 10.1021/
es5005347

Breisinger, C., Thomas, M., and Thurlow, J. (2009), Social Accounting Matrices and Multiplier

Analysis: An Introduction with Exercises: International Food Policy Research Institute.

Corong, E. (2007a), Input_Output_2. gms: The accompanying GAMS code for the note—
Aggregating Input-Output Table in GAMS: Accounting for Changes in Sectoral
Aggregation: Poverty and Economic Policy (PEP) Research Network. Available at www.
pep-net. org.

Corong, E. (2007b), Aggregating Input-Output Table in GAMS: Poverty and Economic Policy
(PEP) Research Network. Available at www. pep-net. org.

Daudin, G., Rifflart, C., and Schweisguth, D. (2011), Who produces for whom in the world
economy?

Qui produit pour qui dans l’économie mondiale? Canadian Journal of Economics/Revue
canadienne d’économique, 44(4), 1403-1437. doi: 10.1111/j.1540-5982.2011.01679.x

Dedrick, J., Kraemer, K. L., and Linden, G. (2010), Who profits from innovation in global
value chains?: a study of the iPod and notebook PCs. Industrial and Corporate Change,

19(1), 81-116. doi: 10.1093/icc/dtp032.

Defourny, J., and Thorbecke, E. (1984), Structural Path Analysis and Multiplier Decomposition
within a Social Accounting Matrix Framework. The Economic Journal, 94(373), 111-136.
doi: 10.2307/2232220.

Dietzenbacher, E., Los, B., Stehrer, R., Timmer, M., and de Vries, G. (2013), The Construction
of World Input–Output Tables in the Wiod Project. Economic Systems Research, 25(1),
71-98. doi: 10.1080/09535314.2012.761180.



436 � Nattapong Puttanapong

Dietzenbacher, E., and Michael L. Lahr, e.(2004), Wassily Leontief and Input-Output Economics:
Cambridge University Press.

Escaith, H., Keck, A., Nee, C., and Teh, R. (2011), Japan’s earthquake and tsunami:
International trade and global supply chain impacts. VoxEU. org, last modified April, 28.

Escaith, H., Lindenberg, N., and Miroudot, S. (2010), International supply chains and trade
elasticity in times of global crisis. World Trade Organization (Economic Research and Statistics

Division) Staff Working Paper ERSD-2010-08.

Hayakawa, K. (2007), Growth of Intermediate Goods Trade in East Asia. Pacific Economic

Review, 12(4), 511-523. doi: 10.1111/j.1468-0106.2007.00367.x

Horowitz, J., and Riker, D. (2014), Measuring Shifts in Brazil’s Trade Using International
Input-Output Tables. Journal of International Commerce and Economics, 1.

Hummels, D., Ishii, J., and Yi, K. M. (2001), The nature and growth of vertical specialization
in world trade. Journal of International Economics, 54(1), 75-96. doi: 10.1016/S0022-1996
(00)00093-3

Jensen, J. (2005), Lecture on: Aggregating input-output tables using GDX: Introduction to
CGE modeling using GAMS and MPS/GE. Essen, Germany. Jesper Jensen’s website:
www. tecatraining. dk.

Johnson, R. C. (2014), Five Facts about Value-Added Exports and Implications for
Macroeconomics and Trade Research. Journal of Economic Perspectives, 28(2), 119-142.
doi: doi: 10.1257/jep.28.2.119.

Johnson, R. C., and Noguera, G. (2012), Accounting for intermediates: Production sharing
and trade in value added. Journal of International Economics, 86(2), 224-236. doi: http://
dx.doi.org/10.1016/j.jinteco.2011.10.003.

Jones, R. (2001), A Framework for Fragmentation, in SW Arndt and H. Kierzkowski (eds.),
Fragmentation, New Production Patterns in the World Economy: Oxford University
Press.

Khan, H. A., and Thorbecke, E. (1989), Special Issue in Honor of Wassily Leontief
Macroeconomic effects of technology choice: Multiplier and structural path analysis
within a SAM framework. Journal of Policy Modeling, 11(1), 131-156. doi: http://
dx.doi.org/10.1016/0161-8938(89)90028-8.

Koopman, R., Powers, W., Wang, Z., and Wei, S.-J. (2010), Give credit where credit is due:
Tracing value added in global production chains: National Bureau of Economic Research.

Koopman, R., Wang, Z., and Wei, S.-J. (2008), How much of Chinese exports is really made in
China? Assessing domestic value-added when processing trade is pervasive: National
Bureau of Economic Research.

Koopman, R., Wang, Z., and Wei, S.-J. (2014), Tracing Value-Added and Double Counting in
Gross Exports. American Economic Review, 104(2), 459-494. doi: doi: 10.1257/aer.104.2.459.

Lahr, M. L., and Dietzenbacher, E. (2001), Input-output Analysis: Frontiers and Extensions:
Palgrave.

Lantner, R. (1974), Théorie de la dominance économique: Dunod.

Lejour, A., Rojas-Romagosa, H., and Veenendaal, P. (2014), Identifying hubs and spokes in
global supply chains using redirected trade in value added.



Tracing Thailand’s Linkages to Global Supply Chain: Applications of World... � 437

Leontief, S., Strout, A., and Barna, T. (1963), Structural interdependence and economic
development Multi-Regional Input–Output Analysis (pp. 119-150): St. Martin’s Press
London.

Leontief, W. W. (1936), Quantitative Input and Output Relations in the Economic Systems of
the United States. The Review of Economics and Statistics, 18(3), 105-125. doi: 10.2307/
1927837.

Leontief, W.W., and Leontief, W. (1986), Input-output economics: Oxford University Press on
Demand.

Linden, G., Kraemer, K.L., and Dedrick, J. (2009), Who captures value in a global innovation
network?: the case of Apple’s iPod. Commun. ACM, 52(3), 140-144. doi: 10.1145/
1467247.1467280.

López, L. A., Cadarso, M.Á., Zafrilla, J.E., and Arce, G. (2014), Assessing the implications on
air pollution of an alternative control-based criterion. Proceedings of the National Academy

of Sciences of the United States of America, 111(26), E2630-E2630. doi: 10.1073/
pnas.1406948111.

Los, B., Timmer, M.P., and de Vries, G.J. (2015a), How Global are Global Value Chains? A
New Approach to Measure International Fragmentation. Journal of Regional Science, 55(1),
66-92. doi: 10.1111/jors.12121.

Los, B., Timmer, M.P., and de Vries, G.J. (2015b), How important are exports for job growth in
China? A demand side analysis. Journal of Comparative Economics, 43(1), 19-32. doi: http:/
/dx.doi.org/10.1016/j.jce.2014.11.007.

Maurer, A., and Degain, C. (2012). Globalization and trade flows : what you see is not what
you get! Journal of international commerce, economics and policy, 3(3, (10)), 1-27.

Miroudot, S., R. Lanz, and Ragoussis, A. (2009), Trade in Intermediate Goods and Services:
OECD Publishing.

Nagengast, A. J., and Stehrer, R. (2014), Collateral Imbalances in Intra-European Trade?: Accounting

for the Differences Between Gross and Value Added Trade Balances: Dt. Bundesbank, Press
and Public Relations Division.

OECD, W. (2012), Trade in Value-Added: Concepts, Methodologies and Challenges. Joint

OECD-WTO Notes, 1-28.

Ottaviano, G. I., Pessoa, J. P., Sampson, T., and Van Reenen, J. (2014), The Costs and Benefits
of Leaving the EU. London School of Economics/CEP mimeo.

Rutherford, T. (2003). A GAMS program which maps social accounting data into labeled
submatrices: University of Colorado, Boulder Colorado, USA. Available at www. mpsge.
org.

Sanyal, K. K., and Jones, R. W. (1982), The Theory of Trade in Middle Products. The American

Economic Review, 72(1), 16-31.

Timmer, M. P., Erumban, A.A., Los, B., Stehrer, R., and de Vries, G.J. (2014), Slicing Up Global
Value Chains. Journal of Economic Perspectives, 28(2), 99-118. doi: doi: 10.1257/jep.28.2.99.

Timmer, M. P., Los, B., Stehrer, R., and Vries, G.J. (2013), Fragmentation, incomes and jobs: an
analysis of European competitiveness. Economic Policy, 28(76), 613-661.



438 � Nattapong Puttanapong

Voigt, S., De Cian, E., Schymura, M., and Verdolini, E. (2014), Energy intensity developments
in 40 major economies: Structural change or technology improvement? Energy Economics,
41, 47-62. doi: http://dx.doi.org/10.1016/j.eneco.2013.10.015

Wang, Z., Wei, S.-j., and Zhu, K. (2013), Quantifying international production sharing at the
bilateral and sector level: Cambridge, Mass.

Xu, Y., and Dietzenbacher, E. (2014), A structural decomposition analysis of the emissions
embodied in trade. Ecological Economics, 101, 10-20. doi: http://dx.doi.org/10.1016/
j.ecolecon.2014.02.015.

Zafrilla, J. E., Cadarso, M.-Á., Monsalve, F., and de la Rúa, C. (2014), How Carbon-Friendly Is
Nuclear Energy? A Hybrid MRIO-LCA Model of a Spanish Facility. Environmental Science
and Technology, 48(24), 14103-14111. doi: 10.1021/es503352s

���




