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Abstract: Recent studies on the global value chain (GVC) have highlighted the need to better inte-
grate the value chains of developing countries of the global South with that of the global North
regions, which are more highly developed. This is aimed at enhancing the economic and social sus-
tainable upgrading of the value chains of the global South regions. The paper thus seeks to answer
a critical question as to whether the existing GVC set-up pertaining to global North and South coun-
tries is equitable and whether it would yield the needed socio-economic and wider sustainable ben-
efits, particularly to global South countries. a conceptual Global Value Chain (GVC) model is devel-
oped based on the economy-wide and system-based Multi-Regional Input-Output methodology to
achieve this goal. Subsequently, this was empirically tested to measure embodied flows in capital
and labour for sustainable development between global North and South regions. These are
achieved using the GVC networks of the UK (from the global North) and some countries in sub-
Saharan Africa (from the global South) to exemplify these developments. With implications for eg-
uitable, sustainable development, our study shows significant imbalances exist in the flows of value
added activities from the global South to the global North, particularly in the primary industries,
which produce low-value products in their raw state. Subsequently, this creates a disproportionate
economic disadvantage for South countries. As such, if global South countries are to fully benefit
from GVC, the study shows that these imbalances must be addressed, such as through structural
changes in the economies of global South countries from their dependencies on the primary indus-
tries.

Keywords: global value chain; global north and south; embodied capital and labour; equitable
sustainable development

1. Introduction

In the past few decades, global value chains (GVCs) have emerged as a pivotal fea-
ture of the global economy and altered the global production processes [1-5]. GVC en-
compasses “a network of labour and production processes whose end result is a finished
commodity” [6] (p.17). For developing countries in the global South, it has been argued
that integrating these countries within the GVC networks can result in sustainable eco-
nomic and social upgrading [7].
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Indeed, previous research on industrial clusters within GVC studies has mainly
sought to highlight the need to integrate nations of the global North and global South into
an integrated global production network [5]. This paper argues that while GVC provides
the platform through which production in primary, manufacturing, and service sectors
are coordinated and organised on a global basis [2] and so may strengthen productivity
and growth [8], it is also an economic system that can be characterised by some economic
implications that may hinder the drive towards achieving equitable sustainable develop-
ment.

The paper emphasises that the negative implications of an integrated GVC are the
results of disproportionate flows of resources, such as raw material and finished products,
as inputs that contribute to the value chains between key stakeholders and countries/re-
gions brought about by globalisation. The advent of globalisation, a consequence of inter-
national trade, has increased competition within GVCs [9]. This is mainly driven by fac-
tors such as the way firms are organising and shaping their value chain activities [10],
increased interdependence between production networks such as firms and industries
[11] and because of resource, efficiency and new market-seeking strategies [12]. Dispro-
portionate flows of resource inputs within GVCs lead to imbalances between countries
and regions in terms of measures such as biophysical indicators like carbon [13], natural
resources such as water and land use [14] and even power [15]. Despite the growing body
of literature on the GVCs [16] and their positive effects on stakeholders, including coun-
tries and regions [17-20], few scholars have sought to examine some of the negative eco-
nomic implications of activities within the GVC network.

Against this background, the principal aim of this paper is to fill the research void
outlined by theoretically developing a GVC model, which is then empirically tested to
measure the implications of economic activities in terms of embodied flows in capital and
labour between the integrated GVC networks of the global North and South regions. Em-
bodied capital and labour are indirect capital and labour within international trade flows
of goods and services under a given production structure. The model is tested using the
value chain systems between the UK (a global North country) and the following develop-
ing sub-Saharan Countries in the global South: Cameroon, Cote ddvoire, Ghana, Nigeria
and Senegal. These global South countries were chosen as exemplary representations of
countries in the region from Africa, which are major trading partners with the UK and
because of easier access to data. The paper raises pertinent questions about the economic
implications of the relative dependences of labour and capital embodied within the GVC
networks of the global North and global South countries. Indeed, GVC issues cannot be
separated from the concept of sustainable development (which seeks to enhance and bal-
ance economic, social and environmental development now and in the future), whether
sustainable development is analysed using a historical or transhistorical perspective [21]
or even a contemporary perspective [22]). In light of these, we contribute to the GVC lit-
erature and debate by arguing that one of the biggest risks to economic and social upgrad-
ing and for an equitable drive towards sustainable development in the global South is a
result of the disproportionate flow of some resource inputs into the value added activities
between the global North and global South countries (see, Guschanski and Onaran [23]).

The paper employs an economic system-based Input-Output (IO) methodology
[24,25] to test the theoretical GVC model developed in this paper. GVC networks consist
of production and consumption activities, which are associated with material exchanges,
value chain transformations associated with activities such as extraction, manufacturing,
processing, etc. and the use of factors of production such as labour and capital. Bridge and
Bradshaw [26] highlight the suitability of the IO framework for such analyses because its
structure captures the series of territorially embedded physical IO production networks,
which typifies GVCs. Similarly, Lee and Kim [27] adopted the IO methodology when an-
alysing GVC and inequality with endogenous labour supply.

Empirically testing the model enables some economic implications of the activities of
the GVC network in terms of capital and labour, a measure for socio-economic



Sustainability 2023, 15, 14550

3 of 24

sustainability to be quantified and analysed. The paper, therefore, highlights the asym-
metric transfer of value addition in the primary industries in the listed African countries
in the global South and the UK in the global North. Thus, the study emphasises the need
for such industrial-level economic analysis, as it provides a system-wide basis to gain fur-
ther insight into value added flows between regions and assess the benefits and implica-
tions of economic interactions at the industrial level across countries. The study seeks to
highlight that the firm-based view analyses (a bottom-up perspective) of GVC can be nar-
row as limited insight can be drawn from such a reduced scale and scope of analysis.
Consequently, the analyses in this study are undertaken at the industrial level between
the economic sectors of the UK from the global North and the developing sub-Saharan
countries of Cameroon, Cote ddvoire, Ghana, Nigeria and Senegal in the global South.

The literature review on GVC is outlined in the next section to achieve the objectives
outlined above. Subsequently, the conceptual framework for the paper is presented. Fol-
lowing this, the methodology used for the entire research is outlined. The results of the
analysis based on the quantitative assessment of value chain activities between the global
North and South are presented. Furthermore, the implications are discussed, allowing for
the concluding remarks in the final section.

2. Literature Review

Debates on the Global Value Chain (GVC) and Global Production Network (GPN)
have recently gained momentum in the Economic Geography research space. Issues that
have contributed to the intellectual debates between these concepts have ranged from the-
oretical models, underlying determinants and drivers, differences in terminologies, em-
pirical testing and applications, among others [28].

Value chain activities can be generally explained to comprise the processes by which
technology is combined with material and labour inputs, and then processed inputs are
assembled, marketed, and distributed [29]. Although no single definition of the term
“value chain” exists today, an all-encompassing description put forward by The Global
Value Chains Initiative [30] states that the value chain describes the full range of activities
that firms and workers do to bring a product from its conception to its end use and be-
yond. This includes activities such as design, production, marketing, distribution, com-
munication, financial services and support to the final consumer. The activities that com-
prise a value chain can be contained within a single firm or divided among different firms.
Value chain activities lead to producing goods or services and can be contained within a
single geographical location or spread over wider areas. Indeed, Tukker and Dietzen-
bacher [31] explain that value chain activities are generally multi-regional or global, given
that they cross multiple national boundaries.

From this global perspective, GVC encompasses all the value added activities (such
as extraction, manufacturing, processing, etc.) that are directly and indirectly required to
produce an output [32]. Hopkins and Wallerstein ([6], p. 17) had earlier articulated this
view when they reported that GVCs are “a network of labour and production processes
whose end result is a finished commodity”. From these, two important characteristics of
GVCs emerge; firstly, they consist of value chain activities, and secondly, they result in
producing an output. GVC can, therefore, be conceptualised as fragmented production
processes, which leads to the production of goods and services either as intermediate
goods and services for other goods and services that are yet to be produced or as goods
and services delivered at the final stage of production. On the other hand, Global Produc-
tion Networks (GPN) bear some relationship with GVC because both concepts are under-
pinned by stakeholders, which are concerned with producing goods and services within
complex economic systems. Despite these common characteristics, Klein et al. [33] high-
light that GPN is deliberately broader in remit. In fact, a GPN constitutes all production
systems and thus consists of a series of products called GVCs. In effect, a series of GVCs
make up GPN.
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Given the fragmented and dispersed nature of GVCs within GPN, todaye global
economy has emerged into borderless production systems with differing levels of com-
plex networks that may be global or regional. GVCs have become an integral feature of
world trade, including developed, emerging and developing economies [34,35]. Indeed,
Elms and Low [36] state that any discussion today that pertains to world trade that does
not recognise the centrality of GVCs would be considered largely outdated and of doubt-
ful relevance. This is particularly so as the global economy is progressively structured
around GVCs, which are responsible for an increasing proportion of international trade,
global GDP and employment [37]. The contribution of GVCs to development can be sig-
nificant because it establishes a link between industries, firms, employees and consumers
worldwide, and it can serve as a springboard for economic actors in developing countries
to integrate into the global economy [37,38]. The positive contribution of GVCs to the
global economy is undisputed [39], even to the extent of using it as a strategic intervention
facility for developing countries to construct productive capacity through technology
transfer and dissemination and skill building, thereby creating opportunities for indus-
trial upgrading cannot be underestimated. Despite these positives, it is important to un-
derstand potentially negative economic implications, which may result in non-equitable
sustainable development, particularly in the global South regions.

As explained by Acquaye et al. [40], GPN, which consists of a series of GVCs, can be
viewed from different analytical perspectives depending on the level of complexity and
scale of value added activities being considered; refer to Figure 1. Consequently, these
perspectives can range from lower levels of GVCs, such as firms, to higher levels of GVCs,
such as industries. In this paper, an industry-level perspective of the GVC is used as the
unit of analysis in an attempt to build on the theory and evidence base of contemporary
GVC research. This is supported by the view that although industrial-level perspectives
of the global value chains are characterised by increased complexity, they are also associ-
ated with the most increased levels of value added activities [1]. Further to this, Sturgeon
[41] and Acquaye et al. [42] have also asserted that an industry-level analysis of economic
activity that uses a evalue chaineapproach works well in studies of cross-border economic
integration because it takes a significant but still manageable slice of the world economy
as the object of the study. Sturgeon [41] further stresses that the industry-level approach
is geographically “scalable,” so what is observed at the local level often has some direct
relationship to what is seen at the national, regional, and global levels. The paper, there-
fore, asserts that attempts at assessing some of the economic implications within the GVC
across countries in the global North and South can yield the most insight when industry-
level analyses of the different economic sectors across the different countries are adopted.
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Figure 1. Different perspectives of analytical GVCs.
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The literature suggests that within GVCs, there have been shifts in the global produc-
tion networks (the so-called supply base), mainly from the global North to the global
South, making the need for assessing any imbalances of inputs such as embodied capital
and labour into the value chain, as being investigated in this paper not just important but
timely. This is because disproportionate flows of inputs have wider economic implications
for a drive towards equitable sustainable development.

Using the GVC framework, the manner in which global industries are organized and
interconnected can be understood through the examination of the structure and dynamics
of different actors participating in a given industry. Given the globalised nature of the
economy and the complexity of the interaction between industries, the GVC framework
can be an invaluable mechanism for tracing the shifts in patterns of global production,
linking activities actors of a single industry that are geographically dispersed and ascer-
taining the roles they play in both developed and developing countries [37]. For instance,
Pietrobelli and Rabellotti [18] submitted that the GVC framework could be used to estab-
lish a robust link between domestic innovation activities and global governance, empha-
sising the interaction between domestic manufacturers and the global production net-
work. As such, GVC can provide a holistic view of global industries both from the top-
down (industry level) and bottom-up (firm level).

Against this backdrop, a number of studies have employed the GVC framework to
investigate various issues at regional and global levels [43]. For instance, authors includ-
ing Bi et al. [44], Kiamehr [45], Pietrobelli and Puppato [46] have all employed the GVC
framework to examine the dynamics of technology development under a globalised econ-
omy. For instance, using the manufacturing sector of China as a case study, Bi et al. [47]
integrated the GVC framework with a linear innovation process model to analyse the in-
novation performance of low-carbon technological innovation activities under the GVC
and the influencing factors. They concluded that every aspect of the Chinese manufactur-
ing industry is highly embedded in the GVC, especially as it pertains to low-carbon R&D,
manufacturing, and marketing activities. Similarly, Zhang and Gallagher [48] employed
Chinaes photovoltaics industry to examine the impact of innovation and technology trans-
fer through global value chains. They identified four distinct themes, including global
market formation policy, international mobilization of talent, the flexibility of manufac-
turing in China, and belated policy incentives from Chinas government, as the main driv-
ers for PV technology transfer from the global innovation system to China. They con-
cluded that the development trajectory of the PV industry in China suggests that innova-
tion in cleaner energy technologies can occur through both global and national innovation
processes and knowledge exchange along the global PV value chain. Vellema and van
Wijk [49] also adopted GVC, and global production network approaches to analyse two
distinct examples of global-local interactions. GVCs framework have been employed to
investigate agri-food sector global sustainability partnerships [50]; inter-firm and intra-
firm networks [46]; implications of integration and harmonisation of enterprise and enter-
prise groups [51]; international trade statistics and policy analysis [52]; dynamics of tech-
nology development [46]; business strategy and upgrading within the IT sector in Brazil
[53]; pathways to women empowerment [54]; international exposure and sustainable con-
sumption [55]; policy regulation [56] and many other areas. More recently, GVC has been
used as the central theme to analyze inequality issues [57] including labour market wages
and employment [58].

Despite the positive potential of GVC in terms of fostering social and global upgrad-
ing, limited research has been undertaken to fully understand some potentially negative
implications of the economic activities associated with GVC within the integrated net-
works of the global North and South regions; a major research question this paper seeks
to unravel.
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3. Conceptual GVC Model

The conceptual framework developed for this study, as presented in Figure 2, com-
bines research strands and principles of Value Chains [59-61], which are embedded within
Production Networks [2,28,62] and lead to the generation of value added outputs for an
equitable sustainable development [62-64].

Global Value Chain

3-Sector
Theory No. Sector
" 1 Agriaulture
g L;J 2 Forestry
-~ = £ b 3 Fishing
— 1 2 3 |4 5 7 8 9 10| 11 | 12| 13 14 |15 |16 |17 [T — 4 Mining
5 Food
6 Textiles
q:) 7 Wood & Paper
—é 8 Fuels
= 9 Chemicals
£ 10 Minerals
) g 1 Metals
Industrial Indn Imal' b 12 Equipment
Supply Chain Supply Chain 13 Utilities
14 Construction
” 15 Trade
§ 'Lf 16 Transport & Communiation
Iia ’§ 17 Business Services
18 Personal Services

Equitable
Sustainable

Development

Figure 2. A Global Value Chain Model for assessing sustainable economic implications between
global North and South regions.

Value creation through stakeholder interactions is a notable element addressed
within the existing academic discourse on sustainable production and consumption [65-
68]. However, it has received a dearth of research attention within the context of global
North and South GVC interactions. Therefore, the GVC analyses of these interactions call
for analyses of the ties between actors higher up the value chain (industries), as this can
enhance understanding in terms of the economic implications of these activities, as these
are not very obvious. In light of these, the GVC model used in this analysis is presented
below and expanded upon in Section 4.

These value chain activities are delivered through industrial sectors grouped under
primary, secondary and tertiary industries per the three-sector theory [69]. These indus-
trial sectors are further expanded upon in Appendix A. The proposed model seeks to un-
derstand any negative economic implications due to the integration of the GVCs of global
North and South regions, particularly in the global South, despite the widely accepted
notion that it helps to enhance social and economic upgrading. In order to test the model,
the IO approach, which can be used to analyse production and consumption network in-
teractions, is adopted.
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4. Research Methodology
4.1. Methodological Framework for GVC Analysis

The paper draws on the economy-wide system-based IO methodology [24,25] to test
the theoretical GVC model developed in this paper. Within GVC networks consist of pro-
duction and consumption activities, which are associated with material exchanges, value
chain transformation activities such as extraction, manufacturing, processing, etc. and the
use of factors of production such as labour and capital. Bridge and Bradshaw [26] high-
lights the suitability of the IO framework for such analyses because its structure captures
the series of territorially embedded physical IO production network. Lee and Yi [27] also
adopted the IO methodology in analysing GVC and inequality with endogenous labour
supply. Within GVC research, Del Prete and Rungi [70] also used the IO framework as a
basis to modify the data structure of the production stages.

The quantitative research methodology adopted must be able to model the complex-
ities of the production and consumption activities and dependencies between the nations
being assessed to determine the Value-Added effects between the production and con-
sumption network of different nations. Following this, the general IO approach originally
developed by Wassily Leontief [71] is used as the methodological basis. This is because it
is based on the structure of the production and consumption processes within an economy
[72-74] and can thus be extended to cover multiple economies within a multi-regional
framework. The general IO model records monetary transactions representing the flows
of resources (products and services) between the industrial sector in and between coun-
tries. This can be transformed from a monetary to a physical IO model to assess the effects
that nations have on each other in terms of value added transfers, which, in essence, de-
scribes the full set of activities in the production and consumption network between coun-
tries [37].

In terms of scope, the conceptual model presented in Figure 2 is configured in Figure
3 to highlight interactions between the UK (global North) and the following developing
sub-Saharan Countries in the global South: Cameroon, Cote ddvoire, Ghana, Nigeria and
Senegal.

Cote Rest-of-
UK Cameroun  d’Ivore Ghana Nigeria ~ Senegal  the-World
(UK) (CM) n (GH) (NG) (SN) (ROW)
UK wx) UK—UK UK—CM | UK—CI | UK-SGH | UK-NG UK—SN [UK—ROW
Cameroun (M) CM—UK | CM—=CM | CM—CI | CM—GH CM—-NG | CM—SN | CM—HROW
Cote d’Ivore () CI-UK CI>CM CI>Cl CI->GH CI-SNG CI-SN | CI5>ROW
Ghana GH) GH—-UK | GH—CM GH—CI | GH-GH | GH-NG | GH—SN | GHHROW
L NG—-UK | NG—>CM NG—CI | NG5GH | NG-NG | NG-SN | NG-ROW
Nigeria NG)
Senegal N . . . -
gL N SN-UK SN—-CM SN—>CI | SN-GH | SN-NG SN—SN | SN-ROW
Rest-of-the-World
ROW) ROW—UK | ROW—CM | ROW—CI | ROW -GH| ROW —-NG| ROW —SN [ROW —ROW]

Figure 3. Conceptual model used to capture Value Added activities between countries.
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In Figure 3, each block represents the supply of resources from the industries in the
row nation to the use of those resources by the industries in the column nation. Some
blocks in Figure 3 have been highlighted in RED to indicate that the analyses on the Value-
Added activities will focus on Value Addition from the UK to Cameroon, Cote ddvoire,
Ghana, Nigeria and Senegal and vice versa.

Following this conceptual model and the general assumptions of 1O analyses [25,75],
For any economy, it can be shown that:

xp=x = X;jZij+ XiVi M

where:

x; = x;— The total sector products consumed (row total), x; or the total industry pro-
duction output (column total) x;. Theoretically, given that the IO table is balanced, x; =
x; and the units are expressed in millions of dollars ($).

[2;j]—The matrix representation of the intermediate consumption, i.e., the amount of
product (i) used as an intermediate input in the production process of industry (j). The
matrix representation is given in monetary terms (million $)

¥;—The final demand of products i, which represents the demand by (households,
government, capital goods, exports, etc.) for products i

In a generalised form, Equation (1) can be expressed as:

x=Z+y (2)
For any economy, it can also be shown that:
_ Lzl
A4 =lay] =7 ©
where:
A—Represent the technical coefficient matrix of the whole economy because it de-
fines the technology of all the individual industries. It is unitless.
a;j—Represent all the elements of the technical coefficient matrix, A. The technical
coefficient matrix consists of the technology matrix for each of the industries in the econ-
omy. Hence, for an industry where j = k, its technology matrix is given by elements of
the matrix [a;;]. These elements are all the products and services (for example, raw ma-
terials, machinery, energy, goods, transport, services, etc.) required from its own and all
other industries in the economy, which enables that industry to produce a unit of output.
Hence, from Equation (3):

[zij] = A-[X].
where [X]] is the diagonalised [x;]. In a generalised form: Z = A" x.

Therefore, from Equation (2) where: x = Z + y, it follows that: x = A- x+ y.
Solving for x and expressing in matrix notations:

x=(0-M"y (4)

Matrix I is the identity matrix and (I —A)~! is known as the Leontief inverse ma-
trix, L [76].

The implication of the expansion of the Leontief Inverse Matrix L is that the com-
plete supply chain requirement at any tier n can be evaluated given that:

L=(U—-A)1=A"+A"+A*+ A3+ 4" 5)

L = (I — A)™?, therefore, describes the total (direct and indirect) requirements that are
needed at all tiers (0,1,2,3,....n) of the industrial supply chain by an industry to pro-
duce a unit of output.

Acquaye and Genovese et al. [77] explain that capturing the direct and indirect re-
quirements at all supply chain tiers ensures complete supply chain visibility, a key re-
quirement in supply chain modelling [78].
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" Auk,uk
Acmuk
Acruk
Aghuk
Anguk
Agnuk

The Leontief Inverse Matrix expression presented in Equation (5) does not capture
the multi-country nature that the conceptual framework in Figure 3 seeks to uphold. In
addition, it has not yet been integrated with Value Added factors. The following sub-sec-
tion, therefore, addresses these issues.

4.2. Multi-Regional Perspective of Value Added Activities

Following on from Equation (4), an MRIO of the UK and global South countries can
be defined as a framework that captures the inter-relationship and represents the depend-
encies between the countries in a single system, as highlighted by the conceptual GVC
model in Figure 2.

The technical coefficient matrix (see Equation (3)) with dimensions (399 x 399) of
these nations can thus be presented below:

Aykem  Avker Auken  Aukne Avksy Aukrow ]
Acmem  Acmer Acmen Acune  Acmsy  Acmrow
Acrem Acrcr AcigH Acine Acisn Acrrow
Aguem  Agucr Aeuon  Aeune  Acusn  AcHrow (6)
Angem  Ancer Ancen  Anene  Ancsy  Awncrow
Asnem Asnver Asveu Asnne Asnsy Asnrow
| Arow,uk  Arow,cu Arow,ci Arowen Arowne Arowsy Arow,row

Including ROW within the framework as presented in Equation (6) is because of the
fact that the UK, as well as Cameroon, Cote ddvoire, Ghana, Nigeria and Senegal, are not
closed economies to all other countries in the world. Hence, the model considers the fact
that there are also resource flows (products and services) between all other countries from

the Rest of the World (ROW) region and these countries.
From Equation (5), the Leontief Inverse matrix with dimension (399 x 399) can be
structured in Equation (7) as:

_AUK,UK AUK,CM AUK,CI AUK,GH AUK,NG AUK,SN AUK,ROW N

ACM,UK ACM,CM ACM,CI ACM,GH ACM,NG ACM,SN ACM,ROW

ACI,UK ACI,CM ACI,CI ACI,GH ACI,NG ACI,SN ACI,ROW

AGH,UK AGH,CM AGH,CI AGH,GH AGH,NG AGH,SN AGH,ROW @)
ANG,UK ANG,CM ANG,CI ANG,GH ANG,NG ANG,SN ANG,ROW

ASN,UK ASN,CM ASN,CI ASN,GH ASN,NG ASN,SN ASN,ROW

-AROW,UK AROW,CM AROW,CI AROW,GH AROW,NG AROW,SN AROW,ROW-

4.3. Assessments of MRIO-Based Value Added Effects of the Industrial Supply Chain

Value Added is a commonly used measure of economic performance in terms of
value-addition activities [79]. Using this indicator, the study evaluates the value additions
as a result of the final demand for goods and services of each industry in each of the coun-
tries. The following sub-sections present the developments made in this respect.

4.3.1. Industrial Value Added Intensities

As previously explained in Section 4.2, the IO model (as in the Leontief framework
in Equation (7)) is transformed to assess the Value Added activities by integrating it with
Value Added factors.

Let:

V; —Represent the direct Value Added output for any industry j in each of the coun-
tries. It has a dimension of (1 X 399).

Given that x; is the total industry production output expressed in million $, the di-
rect intensity matrix for Value-Added of any industry j is given by:
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|

—

I— AGH,UK AGH,CM AGH,CI AGH,GH AGH,NG AGH,SN AGH,ROW

v
Va=73 ®)

Equation (8) highlights the dependences between the industry of a country in terms
of its output and capital and labour as resources. Equation (8), therefore, provides a meas-
ure of the direct Value Added intensity of an industry. This is a limited measure and does
not account for any upstream value added activities of the industrial supply chain. This is
because V; only measures the value added intensity of an industry from a production-
based perspective [80], meaning that only the value added activities that occur within the
fixed boundary of a country from an industrye direct activities are assessed.

V, for all the industries put together takes the form of a row matrix V; with dimen-
sion of (1 X 399). Based on Equation (5), given that the Leontief Inverse Matrix represents
both the total (i.e., direct and indirect) activities of the industrial supply chain, the Total
Intensity Matrix in terms of Value Added intensities is therefore expressed in Equation (9)
as:

Total Value Added Intensity = Vy X L=V, X I —=A) "' = Vg X (A° + A'+ A% + ) (9)

Expressing Equation (9) in the structure adopted in this paper for the BRICS and
ROW framework, the Total Intensity Matrix with the dimensions (399 x 399) is pre-
sented as the supply chain industrial efficiencies as defined in Equation (10) as:

Total Gross Value Added Intensities = V; X L

[ Aukuk  Aukem  Aukc Auvken  Avkne  Auksy Aukrow
Acmuk  Acmem  Acmcr Acmeun Acune Acusy Acmrow
Acux Acem Acrer Acien Acne  Acsy  Acrrow || (10)

ANG,UK ANG,CM ANG,CI ANG,GH ANG,NG ANG,SN ANG,ROW
ASN,UK ASN,CM ASN,CI ASN,GH ASN,NG ASN,SN ASN,ROW

—AROW,UK AROW,CM AROW,CI AROW,GH AROW,NG AROW,SN AROW,ROW—

Contrary to the Direct Intensity Matrix in Equation (8), the Total Intensity Matrix
provides a complete assessment of the supply chain Value Added Intensities from a con-
sumption-based perspective [80]. This shows the dependencies and enables a complete
visibility of the entire supply chain to be assessed; hence, value added activities from other
countries are used but indirectly as inputs along supply chains located in other regions or
directly as intermediate requirements of a particular industry in the reference country can
be captured [81,82].

4.3.2. Total Value Added as a Result of Final Demand

The final demand for goods and services determines the absolute Value-Added to a
countrye economy. In IO economics, these final demand groups are made up of house-
holds, government, stocks, gross fixed capital formation and exports [83].

Given that V; x L =V, X (I — A)~! describes the total (i.e., direct and indirect) Value
Added intensity (refer to Equations (9) and (10)), the Value Added in absolute terms as a
result of a given final demand for goods and services y can be expressed as:

VaXLxy=Vgx(I—A)T"xy (11)

Expressing Equation (11) in the structure of the conceptual framework yields the Ef-
fective Value Added with dimension (399 x 399), as presented in Equation (12):
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Effective Gross Value Added = Vy X L X'y

[ AUK,UK AUK,CM AUK,CI AUK,GH AUK,NG AUK,SN AUK,ROW i
ACM,UK ACM,CM ACM,CI ACM,GH ACM,NG ACM.SN ACM.ROW
ACI,UK ACI,CM ACI,CI ACI,GH ACI,NG ACI,SN ACI,ROW (12)

= & x| I- AGH,UI( AGH,CM AGH,CI AGH,GH AGH,NG AGH,SN AGH,ROW Xy
ANG,UK ANG,CM ANG,CI ANG,GH ANG,NG ANG,SN ANG,ROW
ASN,UK ASN,CM ASN,CI ASN,GH ASN,NG ASN,SN ASN,ROW

—AROW,UK AROW,CM AROW,CI AROW,GH AROW,NG AROW,SN AROW,ROW—

4.4. Data Source

The MRIO model was constructed using both global MRIO tables and Value Added
data collected from the latest Global Trade Analysis Project (GTAP) database version 9
[84]. The MRIO table used in this study consisted of UK data and that of Cameroun, Cote
ddvoire, Ghana, Nigeria, Senegal and an aggregation of the Rest-of-the-World (ROW)
data with reference year of 2011. The IO table in each country includes 57 economic sec-
tors.

5. Results and Discussion
5.1. Value Addition as a Measure for Socio-Economic Sustainability

Value addition has been recognised as a socio-economic sustainability enabler, par-
ticularly for developing countries [85], because it presents growth opportunities that can
translate into real economic development and social benefit.

This section provides insight into the GVC between the global North (UK) and the
global South (developing markets of sub-Saharan Africa: Cameroon, Cote ddvoire,
Ghana, Nigeria and Senegal). In particular, it assesses if there are any uneven contribu-
tions of embodied capital and labour in the GVCs between the UK (used as an exemplar
global North country) and the listed African countries in the global South. Given the de-
pendence of countries from the global South, particularly in sub-Saharan Africa, on pri-
mary industries such as agriculture, forestry, fishing and mining, this research also seeks
to understand the nature of the net embodied labour and capital flows between the global
North and global South. These analyses would shed light on the equitability of using
GVCs as an enabler of sustainable development, particularly in the global South regions.
Capital and labour are chosen as the value added indicators used in this study because
they represent the two main measures of value addition [86] and because the choice of
capital is inherently connected with the choice of other factors, labour in particular [87].
In fact, within GVC networks, labour and capital are production factors that generate
value added activities. Therefore, Labour and capital are used as two independent varia-
bles in measuring value added activities, so causal relationships between these independ-
ent variables are not examined. Embodied capital and labour are indirect capital and la-
bour within international trade flows of goods and services under a given structure of
production.

In economic theory and practice, value addition represents an important indicator
that can be used for socio-economic sustainability performance [88-90]. For instance, the
World Business Council for Sustainable Development [91] reported on how IO modelling
of economic value added can be used as a basis to calculate the impact that companies
have on a particular national economy and, therefore, help companies predict loyalty, per-
formance, stability, and capacity for growth of suppliers, distributors and retail partners
as well as identifying vulnerabilities and opportunities to address these issues. This sec-
tion of the paper, therefore, presents the results of the analytical study by drawing on the
theoretical model and discusses whether there is an equitable sustainability case to be
made in terms of the level of value addition (Capital and Labour) that the UK a global
North country has on the economies of Cameroon, Cote ddvoire, Ghana, Nigeria and Sen-
egal.
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The net labour and capital value-additions between the UK and the respective coun-
tries were compared on an industry-to-industry basis since it provides a better basis to
compare like-for-like, given that each industry is inherently unique. In addition, compar-
ing the combined net effect for all industries together obscures the finer details of the net
exchanges and so limits the insightful inferences that could be made.

5.1.1. Measuring Capital Value Addition between UK (Global North) and Listed Global
South Countries

Capital goods are already-produced, and non-financial goods or assets are used to
produce other goods or services [92]. Capital goods underpin modern industrial activity
[93]. In addition, a countryes productivity depends on its access to capital goods from
around the world [94]. As such, measuring the embodied capital flows in the GVC be-
tween the UK on each of Cameroon, Cote ddvoire, Ghana, Nigeria and Senegal would
provide insight into the net capital value addition between the UK and the other countries.
This thus provides a proxy for measuring socio-economic sustainability as highlighted by
using capital as a value added indicator [88,89].

For ease in presenting the results, the economy of each of the nations, which consists
of 57 sectors in the dataset, was aggregated to 18 broader GVC market segments, namely
agriculture, forestry, fishing, mining, food, textiles, wood and paper, fuels, chemicals,
minerals, metals, equipment, utilities, construction, trade, transport & communication,
business services and personal services. The 57-to-18 sector mapping is presented in Ap-
pendix A. Following this, the net capital value addition between the UK and listed coun-
tries was evaluated as the difference between that of the UK (the reference country) and
that of the listed countries to determine any disproportionate value added flows.

According to the three-sector theory, sector numbers 1—4 represent the primary in-
dustries, 5-14 are the secondary industries, and 15-18 are the tertiary or service industries.

It can be observed from Table 1 that in the primary industries (i.e., industries con-
cerned with obtaining or providing natural raw materials for conversion into other com-
modities and products for the consumer) represented by Agriculture, Forestry, Fishing
and Mining, there is a greater flow of embodied capital from the listed countries to the UK
than vice versa. This is so particular for the agricultural-based industries of Agriculture,
Forestry and Fishing. The only exception is the embodied capital flow in the fishing in-
dustry between the UK and Nigeria. There is a negative net embodied capital in the GVC
between the UK and the listed countries for all others. Accordingly, it can be argued that
the listed African countries in the global South generally provide more embodied capital
value added, a measure of sustainability contributions to the global North, than vice versa.

Table 1. Net Capital Value Added between the UK and the listed countries [millions of dollars ($)].

No. Sector Cameroon ,COt? Ghana Nigeria Senegal
d’Ivoire

1 Agriculture -0.9020  -17.1507 -35.6847 -16.9796 -5.9705
2 Forestry -3.3824  -0.0586  -0.6019 -0.5296 -1.0451
3 Fishing -0.0170  -0.0375  -0.0660 0.3112 -0.1520
4 Mining -10.2902  3.9398 31.3800 -1764.422 51.4396
5 Food 0.1583 -0.2856 19688 17.4671 -1.7908
6 Textiles -0.4352  -0.0009 0.6069 -0.1320 -0.8282
7 Wood & Paper -3.0767  —0.5964 8.1312  23.8089  0.3603
8 Fuels -0.1747 0.0343 1.0522  1.7127  2.4728
9 Chemicals 1.9203 -3.0658  14.1836 31.1158 -1.0329
10 Minerals 0.1893 0.1235 1.1020  2.4050 -1.1437
11 Metals -0.1611 -0.7165 0.6958 13.3638 —2.2104
12 Equipment 5.3592 5.9189 44.6416 -30.8647 3.2761
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13 Utilities 15914 11156 99708 313353 2.3129

14 Construction 07686 08375 19052 10.1693  1.3502

15 Trade 63422 65627 03439 354656 -10.7853

16~ ramsport& Communi- .o /o5 r00 175704 54.8815 -8.5854
cation

17 Business Services ~ 13.8444  18.8181 354745 380.3386 -5.1901

18 Personal Services 0.0617 0.0684 -3.5692 0.9432 0.0624

For example, in the case of the UK and Ghana, as seen in Figure 4, when the relative
percentage embodied capital in the GVC is compared for the agricultural-based industries
of Agriculture, Forestry and Fishing, the UK contributes 3.09%, 13.93% and 39.57% respec-
tively to Ghana as opposed to 96.91%, 86.07%, 60.43% from Ghana to the UK. For a country
where 60% of the workforce depends on agriculture [95], an enhanced contribution of
embodied capital to the agricultural-based industries would no doubt improve the eco-
nomic development and social upscaling of the country. Refer to Appendix B for the cap-
ital value added results for Cameroun, Cote ddvoire, Nigeria and Senegal.

Capital value Addition: UK-Ghana
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Figure 4. Relative Capital Value Added between the UK and Ghana expressed as a percentage.

The Sankey diagram in Figure 5 shows the relative net embodied capital in the GVC
between the UK and the African countries for the agriculture-based industries (Agricul-
ture, Forestry and Fishing). Within this context, the total net difference of value addition
amounted to $76.67 million, of which Ghana contributed the largest, 46.5%, and Came-
roun accounted for 1.2%. For the forestry industry, Cameroun (60.2%) contributed the
largest proportion to the relative net capital value added between the UK and the African
countries. For most of these sub-Saharan African countries where around 60% (Ghana as
an example) of the workforce depends on agriculture [95], an enhanced contribution of
embodied capital to the GVCs of the agriculture-based industries would no doubt im-
prove the economic development and social upgrading of the region.
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Figure 5. Relative Net Capital Value Added between the UK and the African countries.

Given the disproportionate contributions of embodied capital, in particular, in the
agricultural-based industries, it can be reported that the global North stakeholders con-
tribute less to capital value added activities in the developing markets of the global South,
in particular in the primary industries. This results in a limited value added socio-eco-
nomic sustainability support in relative terms received from the global North by the global
South in what can be described as an unbalanced stakeholder benefit or inequitable con-
tribution towards sustainable development in favour of the global North.

5.1.2. Measuring Labour Value Addition between the UK (Global North) and Listed
African Countries (Global South)

A further analysis was performed by measuring flows of embodied labour between
the UK and the other global South nations, that is, Cameroon, Cote ddvoire, Ghana, Ni-
geria and Senegal. With labour as the other fundamental production factor [96], this pro-
vided a further proxy for measuring socio-economic sustainability, as highlighted by us-
ing labour as a value added indicator [88,89].

For ease in presenting the results, the same sector aggregation utilised in Section 5.1.1
was employed (based on the 57-to-18 sector mapping presented in Appendix A). Follow-
ing this, the net embodied labour in the GVCs between the UK and listed global South
countries was evaluated as the difference between that of the UK (the reference country)
and that of the listed countries to determine any uneven value added flows.

It can be observed from Table 2 that, similar to the case of embodied capital flows,
there is a greater flow of embodied labour from the GVCs in the primary industries of the
listed global South countries to the UK than vice versa. In particular, for the agricultural-
based industries (Agriculture, Forestry and Fishing), there is always a negative net labour
value addition between the UK and the listed countries. As such, it can be argued that the
listed African countries in the global South generally provide more embodied labour
value added sustainability contributions to the global North than vice versa.

Table 2. Net Labour Value Added between the UK and the listed countries [million $].

t
No. Sector Cameroon ’Co ? Ghana Nigeria Senegal
d’'Ivoire

1 Agriculture -4.4295  -77.3580 -161.4305 -78.8000-26.9597
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2 Forestry 36114  -0.7981 21577 -1.6949 —0.1227
3 Fishing ~0.0692  -05603  -1.0959 -0.5072 —-0.2964
4 Mining 27883  -43017 19490 43718 2.6071
5 Food 11867 07716  —12.7793 26.1871 0.4684
6 Textiles 03238 0.3666 27149  21.9976 0.6265
7 Wood & Paper 03237  -14710  19.7587 63.0069 2.1727
8 Fuels 0.4442  -03482 63508 13.6782 11.1756
9 Chemicals 66183  -2.9950 383041 111.5621 4.4453
10 Minerals 09633  0.1636 31430  10.1598 0.0146
11 Metals 46990 15550  31.0142 984242 3.5994
12 Equipment 17.0553  15.6558 1242734 362.4803 13.9017
13 Utilities 0.6602  -0.6576  4.6704 151441 1.3971
14 Construction 0.7857  0.9034 17392 13.7729 1.7800
15 Trade 63294 -14.1440 -16.0538 33.1424 23168
16 Iransport ‘i‘iilommumca' ~0.4041 29072  -45.8513 95.3580 —4.5657
17 Business Services 16.4288 7.9306 66.0936 696.1532 28.0586
18 Personal Services 0.0005 00006  -41382 0.0080 0.0005

These disproportionate contributions of labour value addition, in particular in the
agricultural-based industries, further reinforce the fact that the global North stakeholders
contribute less to value added activities in the developing markets of the global South in
what can also be described as an unbalanced stakeholder benefit or inequitable contribu-
tion towards sustainable development in favour of the global North.

5.1.3. Similarity in Embodied Net Capital and Labour Value Added Flows

In order to determine if there are any similarities between the effects of net embodied
capital value added flows and net embodied labour value added flows between the UK
and the listed global South African countries across each of the 18 industrial sectors ana-
lysed, a Spearman Rank Correlation analysis [97] was conducted. This analysis provides
a statistical measure of the strength of the association between the two value added vari-
ables across the 18 industrial sectors. In so doing, we are able to understand whether any
inequitable contribution of net embodied value added flows for either labour or capital
affects specific sectors more than other sectors.

The output for Ghana, as an example, indicates that the Spearmane Rho, p = 0.78,
and the two-tailed value of p is 0.0015. This indicates that the association between the two
variables, embodied capital and labour value added flows, is statistically significant. The
implication is that the net embodied labour and capital flows in the value chains appear
to be very coordinated, so the impacts from these two variables on the 18 industrial sectors
are similar. This is contrary in the case of Senegal with a Spearmane Rho, p = 0.32 and
the two-tailed value of p is 0.18809, which is greater than the significance level of 0.05,
which indicates that embodied capital and labour value added flows are statistically not
significant.

This is particularly so in the agricultural-based industries. Capital and Labour Value
Added Coordination for each country is presented in Figure 6.
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Figure 6. Similarity Analyses in Embodied Net Capital and Labour Value Added activities for each
of the listed countries across all industries.

5.2. Discussion and Research Implications

There are two key theoretical implications of this research. First, our study introduces
a conceptual GVC model, which is then tested to account for the effects of integrating
different nations in the global South and North for sustainability-oriented GVC analyses.
In so doing, our study highlights some of the key dynamics and production effects in in-
tegrating such countries. In addition, although the essence of a collaborative engagement
by stakeholders within a supply chain to create value additions is well articulated in aca-
demic literature (see, for instance, [98-102], harnessing stakeholderseinterests and rela-
tionships to promote value addition initiatives that engender sustainable production and
consumption, particularly in developing markets remains a huge research challenge [103-
105]. We, therefore, seek to contribute to research developments on these issues using
cross-disciplinary themes of GVC and Stakeholder Theory applied at the industry levels.
We, therefore, contribute to the literature on GVC [5,70] by developing and testing a GVC
model on the potential implications of integrating global South and North. Thus, our
study advances our understanding of global value chain co-creation dynamics. In addi-
tion, the study has theoretical implications for studies on sustainable production and con-
sumption. For instance, combined strands of research themes consisting of value creation,
sustainability management and stakeholder theory provide sound theoretical solutions to
sustainable production and consumption challenges. This also builds on the model by
Horisch and Freeman et al. [106], which proposed education, regulation and sustainabil-
ity-based value creation as an integrative remedy to the same challenge.

From a practical and policy standpoint, there are some issues worth noting. Value
added flows from the global North to the South, for instance, in the African regions, can
be improved with increased investment flowing from the global North to the South. De-
spite compelling reasons from stakeholderseperspectives to include Africa, many nations
still face some impediments. First, one of the pivotal factors retarding development and
hampering firmseability to connect to the GVC is the poor infrastructure due to limited
investments. Policy directives should seek to address these practical impediments. This
impedes business activities and transcontinental logistics networks [107,108]. Despite the
economic growth in the last decade in Africa [107], many nations, including those in the
study, often lack efficient transportation networks connecting railways, airports, cities and
towns, and warehouses, coupled with a lack of reliable water and electricity supply [109].
Indeed, the continentes infrastructure requires between $130-170 billion a year, with a fi-
nancing gap ranging from $68 to $108 billion [107]. Accordingly, firmseability to capture
the location-specific advantages of African nations is diminished. In this direction,
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developing an efficient transportation network is essential for countries to tap into the
GVC network and ensure a more equitable distribution of sustainable development. With-
out such robust infrastructural development through investment support from the global
North, the key motives for economic and social upscaling through the GVC are undercut.
It is also important for countries in the global South to develop their secondary and ter-
tiary industries in order to enhance the production and service value additions they de-
liver to their economies beyond relying on primary industries such as agriculture.

5.3. Limitations and Future Research

Despite the key contributions to the literature outlined above, this research has some
noteworthy limitations. First, despite the methodologically consistent structure the IO
analysis offers, it is known to suffer from a number of limitations, such as IO data not
being very recent as it is not regularly produced. As such, these may not capture any sig-
nificant structural changes and technological advances that may have taken place with the
economy. Acquaye et al. [110] and Lenzen et al. [111] have also explained how IO analysis
may suffer from inherent limitations because of aggregation, homogeneity and propor-
tionality assumptions. Our study is also limited in scope in the sense that it focuses on a
few global South (Cameroon, Cote ddvoire, Ghana, Nigeria and Senegal) and the global
North (UK). Future research could seek a much bigger sample, which extends beyond
sub-Saharan countries to include, for instance, the whole of Africa and the European Un-
ion.

6. Conclusions

The paper conceptually developed and empirically tested a GVC model to measure
some implications of the economic activities within the GVC in terms of embodied flows
in capital and labour between the UK, a global North country and the global South coun-
tries of Cameroon, Cote ddvoire, Ghana, Nigeria and Senegal. Understanding these issues
enables us to gain some insight to ascertain whether there are any negative economic im-
plications exhibited through inequitable sustainable development by integrating global
North and South countries within the GVC network. Our study, therefore, advances our
understanding of the dynamics and implications of GVCs. Results from the study indicate
that there are disproportionate contributions of embodied capital and labour value added
flows, particularly in the agricultural-based primary industries, from the global South to
the global North and vice versa. Indeed, products in their raw forms from the primary
industries, such as agriculture, have limited value as opposed to when it is processed in
the secondary industries as high-value intermediate goods or final products. Therefore,
the value-added benefits for the global South from these primary industries are limited.
A structural change in the economies through the industrialisation of these global South
countries can help speed up the sustainable development agenda. The results show that
global South countries deliver less value from the secondary and tertiary industries within
the GVC. Thus, global North stakeholders are advantaged through value added benefits
they derive in the developing markets of the global South, particularly from the secondary
and tertiary industries. It is recommended that countries in the global South must develop
their secondary and tertiary industries in order to enhance the production and service
value additions these industries deliver to their economies beyond their reliance on the
primary industries.

Theoretically, the GVC model presented accounts for the effects of integrating differ-
ent stakeholders and nations in the global South and North for sustainability-oriented
GVC analyses. In so doing, we highlight some of the key dynamics, stakeholders, and
production effects in integrating such countries in the GVC and advance our understand-
ing of the global value chain co-creation dynamics.
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Appendix A

Table A1. Sector Mapping.

3 Sector The-

No. Disaggregated Sectors Economic Markets ory
1 Paddy rice
2 Wheat
3 Cereal grains nec
4 Vegetables; fruit; nuts o
5 Oil seeds E
6 Sugar cane; sugar beet E .
7 Plant-based fibers 5o 2
8 Crops nec f 2
9 Bovine cattle; sheep and goats; horses e
10 Animal products nec E\
11 Raw milk g
12 Wool; silk-worm cocoons &
13 Forestry 2: Forestry
14 Fishing 3: Fishing
15 Coal %0
16 Oil k=
17 Gas =
18 Minerals nec <
19 Bovine meat products
20 Meat products nec
21 Vegetable oils and fats .
22 Dairy products ]
23 Processed rice i 2
24 Sugar ‘5
25 Food products nec é
26 Beverages and tobacco products k=
27 Textiles % %“
28 Wearing apparel = % 2
29 Leather products o c%‘oj
30 Wood products. . 7: Wood and Paper
31 Paper products; publishing
32 Petroleum; coal products 8: Fuel
33 Chemical; rubber; plastic products 9: Chemical
34 Mineral products nec 10: Mineral
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35 Ferrous metals :g
36 Metals nec =S
37 Metal products =
38 Motor vehicles and parts 2
39 Transport equipment nec %
40 Electronic equipment g’
41 Machinery and equipment nec =)
42 Manufactures nec ﬂ
43 Electricity
44 Gas manufacture; distribution 13: Utilities
45 Water
46 Construction 14: Construction
47 Trade 15: Trade
48 Transport nec
49 Wa.ter transport 16: Transport B
50 Air transport =
51 Communication ,g
52 Financial services nec R
53 Insurance E
54 Business services nec 17: Business Services g
55 Recreational and other services =
56 Public Administration; Defense; Education; Health
57 Dwellings 18: Personal Services
Appendix B
Relative Capital Value Added between the UK and other listed countries expressed
as a percentage.
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