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Abstract
The underlying geographical structure of global value chains and the necessary networking
among the countries to supply their own domestic demand is the main study object of this
paper. The spatial production structure is elucidated the by means of the hierarchical feedback
loop methodology. In essence, this methodology offers a detailed view of economic
interactions, first by identifying the paths of influence across regions, and then by proposing a
hierarchical extraction method to identify the paths in terms of their economic importance.
This application takes into account value-added flows involved in the supply chains, rather
than interregional gross trade. The paper first presents a background perspective on how the
fragmentation of production processes has led to the reorganization of economic activities
around the globe and within countries. Then, the hierarchical feedback loop methodology is
applied using the new OECD’s ICIO 2016 database which takes into consideration 64 world
regions (63 countries and the rest of the world) and 34 sectors, allowing in this way a macro
level analysis, at the global level, of the spatial structure of the flows linking major economies
across trade blocks. Therefore, the results allow a better understanding of how the production
fragmentation takes place in the world so the countries can supply the needs of their domestic
demand.
Keywords: Fragmentation; Feedback Loop Analysis; Global Value Chains; Trade in Value
Added; Inter Country Input-Output Tables.
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1. Introduction
Over the last few decades, the fragmentation of production processes has redefined
comparative advantages at global level, inducing great changes in the spatial location and
organization of economic activity. At the same time, the reorganization of value chains
generated a complex system of interdependent flows, linking regions all over the world. As
the process of fragmentation continues, inter-regional dependency will assume even greater
importance in explaining the growth and path of development of economies (HEWINGS;
OOSTERHAVEN, 2015). Therefore, there is increasing relevance in studying the spatial
organization of production systems, a topic that has not received sufficient attention in the
literature. Also, considering that the final goal of the countries in their integration on the
international trade is to benefit their own economies and to improve the quality of life of their
inhabitants, it is important to know how the trade networking among countries takes place for
them to better attend their own domestic demand needs.
To study production fragmentation across space, the inter-regional input-output
methodology constitutes a natural and important analytical framework. In this paper, our
objective is elucidating the geographical structure of global value chains’ (GVCs) flows
related to the domestic final demand by means of the hierarchical feedback loop analysis. In
essence, this methodology offers a detailed view of economic interactions by first identifying
the paths of influence across regions and then proposing a hierarchical extraction method to
identify the paths in terms of their economic importance flows (POLENSKE; HEWINGS,
2004).
The hierarchical feedback loop methodology has already been applied for analyzing
the spatial structure of gross trade flows within Europe (SONIS et al, 1993), Asia (SONIS et
al, 1995), the Midwest region in the USA (SEO et al, 2004), and on the production side value
added trade flows to the Brazilian case, where it was applied to an enlarged Input-Output
system, comprising a Brazilian states Interregional Input-Output table integrated into a World
Input-Output table comprising the main countries in the World (IMORI et al, 2016). It has
also been employed for identifying the economic interactions among industries within
Chicago region (LIU; HEWINGS, 2014). Our paper focuses on supply chain dependencies of
the 63 countries present in OECD´s Intercountry Input-Output (ICIO) systems.
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The remainder of this paper is organized as follows. In section 2, the hierarchical
feedback loop methodology is explored. Section 3 presents the results, and the final
comments are presented in section 4.

2. Methodology
In this paper, we focus on the spatial organization of production processes in the line
with trade in value added (TiVA) studies, where we are interested in understanding how the
networking among the country takes place, so they can attend their own domestic final
consumption Several methodologies can be employed for analyzing inter-regional and
intersectoral dependencies. In this paper, we address the identification and interpretation of
global economic structure by means of the hierarchical feedback loop analysis of value added
flows within GVCs. In essence, this approach offers a more detailed view of economic
interactions by first identifying the paths of influence across regions and then proposing a
hierarchical extraction method to identify the paths in terms of their economic importance
flows (POLENSKE; HEWINGS, 2004).
For our empirical analysis, we apply the 2016 release of OECD´s ICIO database,
comprising 63 countries and rest of the World regions for the global economy, for the years
1995, 2000, 2005 and 2011.
The OECD´s ICIO database (http://oe.cd/i-o) makes a detailed treatment of basic
price, non-resident expenditures, re-exports and international trade of goods and services for
each country. As the result, ICIO export figures show a more complete picture than other
International MRIO databases.
2.1. Supply chains’ value added flows
From the basic Leontief model, the total output of an economy can be expressed as the
sum of intermediate consumption and final consumption (MILLER; BLAIR (2009)) as
𝐱 = 𝐀𝐱 + 𝐲

(1)

(𝐈 − 𝐀)−𝟏 = 𝐁

(2)

𝐱 = 𝐁𝐲

(3)

where 𝐱 is the n×1 total output vector (n is the number of industries in the system), 𝐀 is the
n×n direct input coefficients matrix, 𝐲 is the n×1 final demand vector, and 𝐁 is the Leontief
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inverse matrix. Considering 𝐆 as the n×n diagonal matrix of value added coefficients, we can
describe the value added related input-output model as:
𝐰 = 𝐆𝐱

(4)

from (3):
𝐰 = 𝐆𝐁𝐲

(5)

where 𝐰 is the n×1 value added vector.
In our empirical analysis, we applied the ICIO model where the final demand of each
country is treated isolated from the others, in this way, and having r as the number of
countries in the system, one has that the dimensions of the above matrices become: a) 𝐱, 𝐲,
and 𝐰, size [(r.n) × r]; and b) 𝐀, 𝐁, and 𝐆, size (r.n) × (r.n).
For the value chain of the final product t with completion in the region j, we define the
foreign value added as all value added outside the region of completion j:
𝑗

𝑖𝑗

𝐹𝑉𝐴𝑡 = ∑𝑠 ∑𝑖≠𝑗 𝑤𝑠

(6)

𝑖𝑗

Here, 𝑤𝑠 is the value added generated directly and indirectly in industry s of region i
for the production of final products consumed in region j. There is one column for each GVC,
characterized by the region-industry of completion, with cells showing the origin of value
added. The sum across all industries participating in a GVC is equal to the value of the
country domestic final demand. Since final output values equal global expenditure on the
product, the summation of across columns equals world GDP, measured from the expenditure
side. A given row represents the value-added from a given region-industry to all GVCs. Thus,
the summation across the row, depicted in the final column, equals the value added in an
industry. Summed across all industries, this equals world GDP, measured from the production
side (TIMMER et al, 2015).
2.2. Hierarchical feedback loop analysis
In our empirical application, we apply the hierarchical feedback loop approach
developed by Sonis and Hewings (1988, 1990) to facilitate the identification of the spatial
structure of the GVCs.2
We consider the (r.n) × (r) matrix 𝐖, of supply chain’s value added flows:

2

This section draws on Sonis et al (1995).
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𝐖11
𝐖21
𝐖= ( ⋮
𝐖𝑟.𝑛,1

𝐖12
𝐖22
⋮
𝐖𝑟.𝑛.2

⋯ 𝐖1𝑟
⋯ 𝐖2𝑟
⋱
⋮ )
⋯ 𝐖𝑟.𝑛,𝑟

(7)

where each cell
𝑖𝑗

𝐖𝑖𝑗 = ‖𝑤𝑠 ‖

(8)

represents the value added from sectors in region i to the GVCs of region j. Define:
𝑖𝑗

𝑡𝑖𝑗 = ∑𝑠 𝑤𝑠

(9)

as the sum of flows between all industries within each submatrix 𝐖𝑖𝑗 . Hence, the r×r matrix
of aggregate flows is defined as:
𝐓 = ‖𝑡𝑖𝑗 ‖

(10)

The major focus of our empirical application in this paper is the identification of
feedback loops that reveal the economic networking of each region. A series of aggregate
transactions is specified such that each region is allowed precisely one transaction flow
entering it and one flow leaving it. Such a series of transactions is called “feedback loop”,
since each and every region influences itself at the end of the loop. A feedback loop is
complete if it includes all regions. A complete feedback loop is either closed or can be
decomposed into a set of closed subloops. If the entering flow and the leaving flow for the
same region are identical, the smallest closed subloop possible has been identified, i.e. the
influence that a region directly exerts on itself, its domestic self-influence.
Economically, a series of transactions represents a chain of bilateral influences which
are based on either backward or forward linkages. Thus, the economic meaning of a feedback
loop is indicating how strongly (at each hierarchical level) each region is connected to all
other regions included in the loop. By focusing on complete loops, one can evaluate the place
and position of each region relative to all others.
For a set of n regions, the amount of all complete feedback loops is equal to n!. One
method for dealing with this large amount of complete feedback loops is the derivation of
some hierarchical structure. Essentially, the hierarchical feedback loop approach, proposed by
Sonis and Hewings (1988), extracts complete feedback loops that successively account for the
largest possible sum of transaction flows in each stage of the selection process. This
procedure continues until all transaction flows have been included.
A complete feedback loop is presented by a submatrix 𝐓𝑥 of flows extracted from the
matrix 𝐓 = ‖𝑡𝑖𝑗 ‖ of aggregate transaction flows. 𝐓𝑥 must include in each row and in each
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column precisely one non-zero entry from the matrix 𝐓 and zeros elsewhere. Replacing all the
non-zero entries of 𝐓𝑥 by units, a so-called permutation matrix 𝐏𝑥 is obtained, corresponding
to a permutation of the sequence of numbers 1, 2, …, r. This permutation (of regions)
represents the structure of the flows in the corresponding feedback loop. Hence, the submatrix
𝐓𝑥 is referred to as a quasi-permutation matrix. Moreover, the flow intensity of a complete
feedback loop (𝑉𝑥 ) is defined as the sum of all transaction flows of 𝐓𝑥 .
Within the hierarchical feedback loop approach, the hierarchy of complete feedback
loops is defined as the sequence of quasi-permutation submatrices 𝐓𝑥 chosen according to the
rank-size of their flow intensities 𝑉𝑥 . Thus, on the top of the hierarchy, one finds the complete
feedback loop with maximal flow intensity. The procedure is summarized in the following
steps:


Step 1: For the matrix 𝐓 = ‖𝑡𝑖𝑗 ‖ of aggregate transaction flows, find the quasipermutation submatrix 𝐓1 (and the corresponding permutation matrix 𝐏1) associated
with the complete feedback loop with maximal flow intensity (𝑉1). This loops stands
on the top of the hierarchy.



Step 2: Replace in 𝐓 the flows from 𝐓1 by arbitrary large negative numbers. For this
new matrix 𝐓′ find the quasi-permutation submatrix 𝐓2 (and the corresponding
permutation matrix 𝐏2 ) associated with the complete feedback loop with maximal
flow intensity (𝑉2). Since the flows from the top feedback loop have been replaced by
arbitrary large negative numbers in 𝐓′, they will not be included in this hierarchically
subsequent loop.



Step 3 through r-1: repeat step 2 for the matrix 𝐓′.

After r-1 steps, one obtains a sequence of r complete feedback loops, ordered according to
the decreasing size of their flow intensities.
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3. Results
In order to understand the spatial configuration of global production processes to
attend the countries domestic final demand, first we look at the individual national level,
focusing on where each region sources the goods and services consumed domestically. This
works as an indication of each region’s dependency on the international supply networks.
Next, we take the global perspective and apply the feedback loop methodology table for
hierarchically identifying the myriad of economic interaction in the GVCs.

3.1. Supply chain interdependency for domestic demand
One important question to analyze in this study is to know if the trade and networking of
the countries occur mainly among me main trading regions or if it is wider spread among the
countries in the world. To do so, the 63 countries and the rest of world region are aggregated
into 5 trade zones as follow3:
1. NAFTA - North American Free Trade Association: CAN, MEX, USA;
2. ZSCA - South and Central America: CHL, ARG, BRA, COL, CRI, PER;
3. ZEUR – Europe: AUT, BEL, CZE, DNK, EST, FIN, FRA, DEU, GRC, HUN, ISL,
IRL, ITA, LVA, LUX, NLD, NOR, POL, PRT, SVK, SVN, ESP, SWE, CHE, GBR, BGR,
CYP, HRV, LTU, MLT, ROU, RUS;
4. ZASI - East and South East Asia: JPN, KOR, BRN, CHN, HKG, IDN, KHM, MYS,
PHL, SGP, THA, TWN, VNM;
5. ZOTH - Other regions: AUS, ISR, NZL, TUR, IND, MAR, SAU, TUN, ZAF, ROW.
Looking at the Foreign Value Added (FVA) content in the domestic final demand, Tables
1 and 2 show at the bottom that the weighted average shares of FVA in the domestic final
demand increased from 16.3% in 1995 to 18.0% in 2000, 19.9% in 2005 and 21.3% in 2011,
showing an increasing dependence of the countries on imports of goods and services. This
increase in the FVA shares is not uniform among the countries, increasing for some and
oscillating for others, however, the decrease of shares in some countries, through time is more
than compensate from the increase in the other countries shares, as the final results shows.
The overall implication of this result is that the countries in the world are more open and
integrated in the GVCs.

3

The list of the regions and countries names is presented in Annex I.
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Looking at the regions considered here, one can observe that the NAFTA region is the
main source of FVA for Canada and Mexico, while for the USA, Europe and Asia are the
most important regions as sources of FVA. For South and Central America, overall the
integration among the countries in this region is small when compared to the importance of
the FVA from the other regions. On the other end, Europe and Asia show to be the regions
where the countries are more integrated in terms of production, meaning that the FVA from
the countries inside these regions represent the main shares of the source of their FVA. For
the other countries in the world it is clear the importance of Europe as the main source of
FVA.
Overall, decomposing the World FVA shares sourced from the regions considered here, one
can see the overall decrease, from 1995 to 2011, in the shares of NAFTA (18.3% to 15.0%)
and Europe (46.4% to 37.9%), at the same time that there is an increase in the shares of
Central and South America (2.4% to 3.7%), Asia (21.9% to 24.5%), and Rest of the World
(11.0% to 18.9%). Showing in this way a decrease in the concentration of the international
trade, as it becomes more “equalitarian” and spread among the world countries, which is a
point we are going to explore more below.
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Table 1
Foreign Value Added Shares in Domestic Final Demand,
by Country of Completion, 1995 and 2000 (%)

Continue …
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Table 1 (Continued)
Foreign Value Added Shares in Domestic Final Demand,
by Country of Completion, 1995 and 2000 (%)

Source: Research data based on OECD´s ICIO.
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Table 2
Foreign Value Added Shares in Domestic Final Demand,
by Country of Completion, 2005 and 2011 (%)

Continue …

12

Table 2 (Continued)
Foreign Value Added Shares in Domestic Final Demand,
by Country of Completion, 2005 and 2011 (%)

Source: Research data based on OECD´s ICIO.
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3.2. Feedback Loops
In the previous subsection, we have analyzed, for each region in our model, the
reliance on the FVA to attend their domestic consumption. Now, we take the global
perspective and identify the paths in global supply chains in terms of the order of their
economic importance, by means of the hierarchical feedback loop approach.
For the analysis, all the supply chain’s value added flows are aggregated into one
industry to reveal the macro-level structure of feedback loops. Table 3 summarizes the
hierarchy of complete feedback loops, which are ordered according to the decreasing size of
their flow intensities.
As one has 64 economies in the model, the total number of possible feedback loops are
64, being the first one the intraregional flows, while steps 2 to 64 refers to the trade among the
economies. From Table 3 it is possible to observe that the shares of the Domestic Value
Added (DVA) on the goods and services produced for domestic demand decreased from
83.7% in 1995 to 78.7% in 2011 as a reflex of the increase in the FVA as shown in the
previous section and as can be observed in the sum of values from the feedback loops 2 to 64.
As can be seem in Table 3, as one goes down in the hierarchy, the value of the
feedback loops decrease as the system maximizes in each step the value of the flows among
the 64 economies. Higher shares of the values in the top feedback loops means a
concentration of the trade in few interconnections and trade pattern concentrated in few
partners; as can be seen in Table 3 the share of the top 12 feedback loops, in the sum of the
feedback loops 2 to 64, has a continuous decrease from 61.2% in 1995 to 57.2% in 2011,
while the share of the sum of the feedback loops 13 to 24 increased from 38.8% to 42.8%,
showing a more fragmented and equalitarian international trade, as it was discussed in the
previous section.
To see how the feedback loops have evolved through the years and the steps in a given
year, Figure 1 shows: a) the feedback loop 1, which represents the domestic flow and which is
the same for all years; b) feedback loop 2 for 1995, 2000, 2005 and 2011; and c) feedback
loops 2, 3, 4, 6, 8, 12, 16, 20, 24 and 30 for 2011.
In Figure 1, for each of the feedback loops, with exception of feedback loop1 that
represents the domestic part of each individual country, 2 figures are presented: a) the left
figure despites the points of interconnections among the countries in an input-output matrix,
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points in main block diagonals show that the trade takes place among the countries in the
region, while points off the main block diagonals shows the existence of trade among
countries in different regions, additionally each color represents the networking of trade
among the countries; and b) the figure on the right shows the main networks of countries trade
partnership, the thicker the line the greatest the Trade in Value Added (TiVA) among the
countries.
From the evolution of feedback loop 2 from 1995 to 2011, overall, one can see that the
trade is more concentrated inside the 5 regional blocks used in this paper, with a shorter
number of countries in each networking. Going from the feedback loops 2 to 30 for 2011
shows that as one goes down in the feedback loops steps, the trade becomes more global with
a larger number of countries in each networking, and a deconcentration of TiVA.
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Table 3
World Feedback Loops Value Added – 1995, 2000, 2005 and 2011
Current US$ Million and Shares (%)

Source: Research data based on OECD´s ICIO.
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Figure 1
Decomposition of Supply Chain’s Value Added Flows into Feedback Loops:
Networking of Main Trading Partners, Selected Feedback Loops and Years

Feedback Loop 1

Feedback Loop 2, 1995

Continue …
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Figure 1 (Continued)
Decomposition of Supply Chain’s Value Added Flows into Feedback Loops:
Networking of Main Trading Partners, Selected Feedback Loops and Years

Feedback Loop 2, 2000

Feedback Loop 2, 2005

Continue …
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Figure 1 (Continued)
Decomposition of Supply Chain’s Value Added Flows into Feedback Loops:
Networking of Main Trading Partners, Selected Feedback Loops and Years

Feedback Loop 2, 2011

Feedback Loop 3, 2011

Continue …
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Figure 1 (Continued)
Decomposition of Supply Chain’s Value Added Flows into Feedback Loops:
Networking of Main Trading Partners, Selected Feedback Loops and Years

Feedback Loop 4, 2011

Feedback Loop 6, 2011

Continue …
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Figure 1 (Continued)
Decomposition of Supply Chain’s Value Added Flows into Feedback Loops:
Networking of Main Trading Partners, Selected Feedback Loops and Years

Feedback Loop 8, 2011

Feedback Loop 12, 2011

Continue …
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Figure 1 (Continued)
Decomposition of Supply Chain’s Value Added Flows into Feedback Loops:
Networking of Main Trading Partners, Selected Feedback Loops and Years

Feedback Loop 16, 2011

Feedback Loop 20, 2011

Continue …
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Figure 1 (Continued)
Decomposition of Supply Chain’s Value Added Flows into Feedback Loops:
Networking of Main Trading Partners, Selected Feedback Loops and Years

Feedback Loop 24, 2011

Feedback Loop 30, 2011

Source: Research data based on OECD´s ICIO.
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The focus of our analysis is now directed to the feedback loops 2 to 6 and their
evolution from 1995 to 2001 as presented in Tables 4 to 8 and Figures 2 to 6. In Tables 4 to 8
the main subloops are presented with the main economies highlighted in red and the arrows
indicating how they changed the main trade partners throughout the years. The complete set
of countries networking for each feedback loop and year considered here is presented in
Figures 2 to 6, with the thicker lines representing the greatest TiVA among the countries.
In all of the feedback loops 2 to 6 it is possible to observe that the countries usually
change their main patterns through time, indicating a dynamic in the international where the
countries would change they network of main partners as a way to obtain the most of benefits
and gains that they can get from the international trade. In such a way, in the feedback loop 2
the main partner of Japan in 1995 is the USA and in 2005 and 2011 is China, while in 2000
Japan is part with a large network of countries; for the USA, in 2000, 2005 and 2010 the main
partner is this feedback loop is Canada; in Europe, the main trade partners in 1995 and 2000
are France, United Kingdom, Germany and Italy, in 2005 Spain is added to this group and in
2011 this group comprises only Germany, France and Italy with the United Kingdom joining
a large network of countries, and Spain making a pairwise with Portugal as it did in 1995 and
2005. A close look at Figure 2 can revealed the main network of countries and usually inside
their on region, as defined in this paper.
As one goes down in the feedback loops 3 to 6 it is possible to observe the countries
being more integrated in the world trade, with less pairwise subloops.
In summary, the top feedback loops reveal a spatial structure for the global supply
chains networks where the flows linking major economies across trade blocks are becoming
dominant. Together with the results for supply chain interdependency for individual countries,
obtained in subsection 3.1, we observe that production fragmentation has truly become global,
and not merely circumscribed to trade blocks.
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Table 4
2nd Feedback Loop in Value Added for 1995, 2000, 2005 and 2011
Main Countries and Networking of Trading Partners – US$ Million (Current Values)

Source: Research data based on OECD´s ICIO.
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Figure 2
2nd Feedback Loop in Value Added, Networking of Main Trading Partners:
1995, 2000, 2005 and 2011

Feedback loop 2, 1995

Feedback loop 2, 2000

Feedback loop 2, 2005

Feedback loop 2, 2011

Source: Research data based on OECD´s ICIO.
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Table 5
3rd Feedback Loop in Value Added for 1995, 2000, 2005 and 2011
Main Countries and Networking of Trading Partners – US$ Million (Current Values)

Source: Research data based on OECD´s ICIO.
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Figure 3
3rd Feedback Loop in Value Added, Networking of Main Trading Partners:
1995, 2000, 2005 and 2011
Feedback loop 3, 1995

Feedback loop 3, 2000

Feedback loop 3, 2005

Feedback loop 3, 2011

Source: Research data based on OECD´s ICIO.
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Table 6
4th Feedback Loop in Value Added for 1995, 2000, 2005 and 2011
Main Countries and Networking of Trading Partners – US$ Million (Current Values)

Source: Research data based on OECD´s ICIO.
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Figure 4
4th Feedback Loop in Value Added, Networking of Main Trading Partners:
1995, 2000, 2005 and 2011
Feedback loop 4, 1995

Feedback loop 4, 2000

Feedback loop 4, 2005

Feedback loop 4, 2011

Source: Research data based on OECD´s ICIO.
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Table 7
5th Feedback Loop in Value Added for 1995, 2000, 2005 and 2011
Main Countries and Networking of Trading Partners – US$ Million (Current Values)

Source: Research data based on OECD´s ICIO.
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Figure 5
5th Feedback Loop in Value Added, Networking of Main Trading Partners:
1995, 2000, 2005 and 2011
Feedback loop 5, 1995

Feedback loop 5, 2000

Feedback loop 5, 2005

Feedback loop 5, 2011

Source: Research data based on OECD´s ICIO.
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Table 8
6th Feedback Loop in Value Added for 1995, 2000, 2005 and 2011
Main Countries and Networking of Trading Partners – US$ Million (Current Values)

Source: Research data based on OECD´s ICIO.
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Figure 6
6th Feedback Loop in Value Added, Networking of Main Trading Partners:
1995, 2000, 2005 and 2011
Feedback loop 6, 1995

Feedback loop 6, 2000

Feedback loop 6, 2005

Feedback loop 6, 2011

Source: Research data based on OECD´s ICIO.
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4. Concluding remarks
In this paper, to study the geographical structure of TiVA, in the GVC, necessary to
supply the domestic final demand of the countries, from 1995 to 2011, we applied the
hierarchical feedback loop methodology. In contrast to other studies that employed this
methodology previously, we considered the regional interdependencies as depicted in
OECD´s ICIO tables, taking into account value-added flows, rather than inter-regional gross
trade.
The results overall show the increase importance of the FVA to attend the domestic
demand needs of the countries, which is accompanied by a fragmentation of the production
processes and the supply chains networks linking major economies across trade blocks
becoming dominant.
It was also possible to trace the networking of trade among the countries with the
identification of the main trade partners and how this partnership changed through time.
Despite the light that this study throws on the structure of the international trade, it
raises other important questions not considered here and where the feedback loops
methodology can be applied, like: a) what is the networking structure of the international
trade from the production side; b) is the interconnection among the countries when producing
goods and services to the domestic market the same as when producing to the international
market; c) what is the role of commodities, industrial goods and services in the international
trade, does the overall conclusion of this paper applies to these different markets?
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Annex I
Regions and Countries in the ICIO Model

