W) Check for updates

Published on behalf of the Institute of Social Studies, The Hague

Revisiting the Natural Resource Curse: Backward
Linkages for Export Diversification and Structural
Economic Transformation

Maria Savona ‘© and Filippo Bontadini

ABSTRACT

This article revisits and empirically tests the conjecture that specialization
in natural resource industries (NRI) might not necessarily be a ‘curse’ for
developing countries if it generates opportunities for export diversification
in backward-linked sectors a la Hirschman. The article systematizes the
evolution of the debate around the NRI ‘curse’. Then it empirically tests
whether NRI might represent a sufficient ‘domestic representative demand’
a la Linder to favour diversification into backward-linked sectors such as
knowledge-intensive business services and high-tech manufacturing. It fo-
cuses on the former and discusses the new opportunities for export diversific-
ation led by virtuous pathways of domestic structural change. It finds novel,
quantitative empirical support for this conjecture, which complements extant
qualitative literature and discusses implications that revisit the NRI curse
debate.

INTRODUCTION

This article contributes, by providing novel empirical evidence, to the de-
bate around a natural resource (NR)' ‘curse’. It tests whether countries with
a specialization in natural resource industries (NRI henceforth) might lever-
age backward linkages in the way suggested by Hirschman (1958) to spur

1. NR is commonly used for non-renewable extractive industries such as oil and gas. Renew-
ables, such as forestry, water and land that produce raw materials and commodities, usually
fall into the category of primary activities. Here, we look at both types of sectors, as detailed
below. The literature on the NR ‘curse’ tends to associate natural resources primarily with
extractive industries. Broadly speaking, and based on Venables (2016), for countries rich
in natural resources, at least 20 per cent of their export or fiscal revenues comes from NR.
For countries dependent on natural resources, this share is at least 50 per cent. While the
term ‘commodity’ generally refers to homogeneous goods whose market cannot be easily
fragmented, this is often, although not exclusively, the case for production in both renewable
and non-renewable natural resource sectors. Henceforth, we refer to both sectors when we
use the term commodity.
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export both in knowledge-intensive business services (KIBS) and high-tech
manufacturing (HTMF).

The idea of a NR curse emerged from the empirical regularity with which
many resource-rich countries were experiencing stagnant economic growth
(Auty, 1986). A key argument contributing to this debate — of particu-
lar interest here — is the link between NR abundance or dependence, do-
mestic structural change, and the trade performance of NRI versus non-
NRI. It has been argued that NR exports might be detrimental to non-NR
tradable industries, and hamper or slow down diversification away from
NR, usually towards a manufacturing sector that is export driven (Hard-
ing and Venables, 2016; Venables, 2016). However, over time, the import-
ance of considering the structure of sectoral (backward and forward) link-
ages, alongside the levels of exports in NR and non-NR industries, has be-
come increasingly recognized, both at the macro (Baldwin and Venables,
2015; Cust and Poelhekke, 2015) and the micro level in specific industries,
where linkages might play a role in the diffusion of innovation to local
suppliers (Marin and Stubrin, 2015; Marin et al., 2015; Pietrobelli et al.,
2018).

This article is positioned within this literature and its aims are twofold.
First, the article challenges the NR curse narrative by offering a novel
perspective on the role of backward-linked sectors to NRI, particularly
knowledge-intensive business services, that considers trade in value added
and global value chains (GVCs). Second, it offers quantitative empirical
evidence that complements and generalizes the well-established qualitative
literature on specific countries and industries that specialize in NRI, which
we review below.

The article builds upon a theoretical — albeit not formalized — con-
jecture, the Hirschman-Linder hypothesis, put forward in Lopez-Gonzalez
et al. (2015, 2019). This conjecture blends the concept of backward link-
ages a la Hirschman (1958), with that of a ‘representative domestic de-
mand’ a la Linder (1961: 87). Linder argues that what ultimately affects
trade is the emergence of a domestic ‘need’. In this framework, a domestic
demand that is substantial enough to trigger the development of capabilities
to achieve, as a result, a trade comparative advantage, is termed ‘repres-
entative’. Linder refers to the ‘need’ as final demand and as mainly related
to manufactured products. He argues that once domestic demand attains a
critical level to become ‘domestic representative demand’, this makes do-
mestic producers competitive enough to operate in the international market
(ibid.: 87).2

2. Interestingly, albeit from a very different perspective, the Hirschman-Linder hypothesis in
Lopez-Gonzalez et al. (2019) resonates with the position put forward by Baldwin and Ven-
ables (2015) and is empirically in line with what Poncet and Starosta de Waldemar (2013)
find in terms of the importance of backward-linked sectors to NRI.

85UB017 SUOLIWIOD aAITe8.D 3|qeo![dde ayy Ag peusenoh aJe Sajoile YO ‘88N Jo o 10} AIqIT 8UIUO AB]IA UO (SUOTIPUOD-pUe-SW.eIWoo A3 | Im A ReIq 1 |BulUo//SdNY) SUOTIPUOD pue swie | au) 88s *[202/TT/L0] Uo Akiqiauljuo Ae|iM el eueIyo0D Ag ¥5/2T Yoep/TTTT 0T/I0p/woo A8 |imAeiq euluo//sdny wolj pspeojumoq ‘Z ‘€202 ‘099./9T



380 Maria Savona and Filippo Bontadini

In the current context, where trade is increasingly concentrated in inter-
mediaries and countries are inserted in GVCs, Lopez-Gonzalez et al. (2015,
2019) adapt Linder’s thesis to domestic intermediate demand coming from
manufacturing industries to KIBS — and consider a representative domestic
intermediate demand to KIBS as a determinant of countries” GVC particip-
ation in KIBS.

This article extends Lopez-Gonzalez et al. (ibid.) by exploring whether
the Hirschman-Linder hypothesis could apply to backward linkages emer-
ging from NRI demand, particularly to KIBS.? In particular, it asks: ‘Can
specialization in NRI amount to a representative domestic NRI inter-
mediate demand that drives export of KIBS and high-tech manufactur-
ing?’. We empirically test this research question within a dynamic em-
pirical framework to ascertain whether the domestic intermediate demand
arising from the NR sector, distinguishing between extractive industries
and agriculture,* has a positive impact on the export performance of other
sectors, particularly KIBS. We use data from the Organization for Eco-
nomic Co-operation and Development (OECD) inter-country input out-
put tables (ICIO) to capture domestic intermediate demand as well as
value added in exports for a sample of 64 countries over the period
1995-2011.°

We find that countries, particularly those with a revealed comparat-
ive advantage in NRI, and particularly agriculture, benefit from a sig-
nificant ‘representative domestic demand’ for KIBS coming from NRI,
which favours trade in KIBS value added. This also holds when look-
ing at domestic intermediate demand for high-tech manufacturing sectors.
These results seem to corroborate the idea that vertical linkages matter in
the first place and that the presence of backward linkages to NRI might
be a way of rethinking export diversification strategies that are groun-
ded in NRI, rather than bypassing them. We then discuss the implica-
tions of our findings within the context of strategies of diversification for
development.

The article is organized as follows. First it revisits the evolution of the
NR curse debate that is relevant to the purpose of this analysis. Then it de-
scribes the empirical strategy and the data, presenting some initial descript-
ive evidence in support of the article’s main conjecture. This is followed by
a discussion of the econometric results. In the final section we conclude by
drawing policy implications that aim to rethink resource-based industrializ-
ation (RBI) for development.

3. We also test our conjecture by looking at high-tech manufacturing as a forward-linked sec-
tor.

4. In Appendix I we provide a detailed disaggregation of the sectors included in the empirical
analysis (see Table AL1).

5. See: www.oecd-ilibrary.org/trade/data/oecd-wto-statistics-on-trade-in-value-added/trade-
in-value-added-edition-2016_2644abe4-en
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BACKGROUND

The NR ‘Curse’ Debate

Countries that are rich in or dependent on natural resources might be
‘blessed’ or ‘cursed’, depending on numerous factors. The literature has
copiously analysed these factors, as summarized in some recent works
(Badeeb et al., 2017; Havranek et al., 2016; van der Ploeg and Poelhekke,
2017). In a nutshell, the ‘curse’ thesis argues that countries rich in or de-
pendent on NR experience low and/or stagnant growth performance, with
detrimental consequences for their development. The core of the theoretical
arguments underpinning the ‘curse’ has broadly remained the same over
time (Harding and Venables, 2016; Venables, 2016): crowding out of non-
NR sectors, Dutch disease economics, exposure to volatility of commodity
prices, reduced opportunities for technological learning, deterioration of in-
stitutional quality, and armed conflicts.

However, natural resources are very diverse (e.g. coal rather than oil or
diamonds) and they entail very different levels of initial investments, quality
of institutions and the public management of rents (Havranek et al., 2016).
This makes the presence of a ‘curse’ largely heterogeneous across countries.
In fact, the literature has identified cases of growth-adverse NR dependence
(e.g. Angola, Democratic Republic of the Congo and many other African
countries) as well as cases of growth-enhancing dependence (e.g. Australia,
Botswana, Chile and Norway) (Venables, 2016), so that the evidence on a
negative link between NR abundance and development is not conclusive
(Badeeb et al., 2017; James, 2015).

Over the last decade some scholars have challenged the existence of the
NR curse, by reverting to historical examples (Wright and Czelusta, 2004).
Others have argued that the curse would not be inevitable if high-quality in-
stitutions were in place, that invest and distribute the revenues from NR in
a fair way (Boschini et al., 2013; Brunnschweiler, 2008; Venables, 2016).
Some literature has also questioned the empirical soundness of the evidence
marshalled in support of the resource curse (see, for example, Brunnsch-
weiler and Bulte, 2008; Lederman and Maloney, 2006; Stijns, 2000). It has
been argued that the empirical evidence in support of the curse thesis, as in
the seminal work by Sachs and Warner (1995), is based on cross-sectional
data, which is not fit to capture the evolution over time of both institutions
and technology (James, 2015; van der Ploeg and Poelhekke, 2017; Robin-
son et al., 2006). Also, natural resource abundance is often confused with
natural resource dependence (Brunnschweiler and Bulte, 2008): when this
is disentangled from natural resource rents, the latter can actually have a
positive impact on economic growth (Ding and Field, 2005).

In addition, some established development scholars have focused on
specific country cases and extractive industries. They have attempted to
revisit the narrative of the ‘curse’ from the perspective of innovation
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capabilities and linked industries (see the reviews of the different argu-
ments in De Ferranti et al., 2002 and Lederman and Maloney, 2006). For
example, Urzda considers the case of the Chilean knowledge-intensive min-
ing services (KIMS) which include ‘exploration services, mine planning ser-
vices, equipment design, project management, metallurgic process design,
and environmental engineering services’ (Urzua, 2012: 2). In this context, it
has been argued that the development of KIMS depends very much on the
scale of the extractive industry in the country, as it has occurred in KIMS-
exporting countries such as Australia, Canada, Chile and South Aftrica.

International competitiveness in KIMS and participation of KIMS in
GVCs also depends on the country’s technological development and cap-
abilities and on the extent to which local suppliers can upgrade and re-
place foreign suppliers. This has now become evident from qualitative evid-
ence on extractive industries in selected countries that development schol-
ars have produced by studying the rise of local suppliers to mining indus-
tries in emerging economies (Andersen et al., 2018; Marin et al., 2015)
and the creation of opportunities for diversification and technological learn-
ing that might enhance their competitiveness (see also Pietrobelli et al.,
2018).

The NRI as an Enclave? High Development Linkages and Export Diversification

Another reason why the NR sector has been perceived as detrimental for
economic development (especially important for our purpose here) is that
it has often been regarded as an enclave (Heeks, 1998), that is, resources
are extracted with few linkages with the rest of the domestic economy, of-
ten dominated by large foreign companies that ship profits back to their
headquarters (Heeks, 1998; Weisskoff and Wolft, 1977).

As an enclave, NR also affects the opportunities in natural resource de-
pendent countries for export diversification (Lederman and Maloney, 2006).
In this respect, contributions have focused on the opportunities to diversify
away from NRI (Baldwin and Venables, 2015; Harding and Venables, 2016)
by fostering the emergence of new sectors through backward or forward
linkages (Bloch and Owusu, 2012; Heeks, 1998). Baldwin and Venables
(2015), for example, argue that trade policies aimed at industrializing de-
veloping countries should consider the interactions between backward and
forward linkages between part and final goods. They conclude that, because
linkages create a multiplier effect, devising targeted trade and industrial
policies that make sense of the domestic structure of linkages would in-
crease the industrial base and its export performance.

Generally, there seems to be a consensus on the necessity for countries
with a specialization in NRI to facilitate the emergence of other sectors
in their export portfolio, thereby reducing their dependence on NRI. As
a result, export diversification has often been considered a policy goal of
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many commodity-dependent countries (Massol and Banal-Estafiol, 2014).
Notwithstanding the consensus in the literature and policy, however, export
diversification may be hard to achieve, particularly for countries abundant
in NR, when NRI are an enclave that lacks significant linkages with the rest
of the economy (Heeks, 1998; Hirschman, 1958).

The enclave argument has hinged largely upon the role of forward and,
to a lesser extent, backward linkages. For example, Hidalgo et al. (2007)
and Hausmann and Klinger (2006) build the well-known ‘product space’,
where certain products are connected to others based on the joint probabil-
ity of being exported by the same country (Hausmann et al., 2007; Hidalgo
et al., 2007). While the product space approach does not rely on backward
or forward linkages, it yields similar conclusions to the traditional enclave
view: within the product space, NRI are shown to be among the least con-
nected products and sectors, making it particularly hard to diversify away
from these industries.

In this context, Hausmann et al. (2008) argue that industrial policies
should favour diversification into products that lie closer to what countries
currently export and what they have the capabilities to produce. In contrast,
policies that encourage export diversification through beneficiation, i.e. fos-
tering forward linkages and trying to move away from NRI to downstream
manufacturing processing activities, are considered ill-advised as they are
not necessarily based on capability similarity. The argument made by Haus-
mann et al. (ibid.) aligns with quite a long-standing view in the policy debate
of economic development that looked with scepticism at strategies to indus-
trialize resource-abundant countries (Auty, 1986).

However, the more recent qualitative evidence on specific extractive in-
dustries, discussed above, has challenged the enclave argument (Adewuyi
and Ademola Oyejide, 2012; Bloch and Owusu, 2012; Marin and Stubrin,
2015). This literature observes the dramatic changes that NRI have under-
gone in recent years. For instance, the mining sector has gone through im-
portant technological upgrading (Marin and Stubrin, 2015; Marin et al.,
2014), whilst increasing the outsourcing of non-core activities to local sup-
pliers, which has fostered domestic backward linkages (Aragon and Rud,
2013; Barnett and Bell, 2011). In addition, the enclave argument supported
by the product space approach and the ensuing policy implications seem
to have been crafted only with respect to beneficiation (i.e. arguing the in-
effectiveness of diversification into forward-linked industries), and not to
diversification into backward-linked sectors. We therefore offer a different
perspective below.

The Hirschman-Linder Hypothesis Applied to NRI

The case for building on backward and forward linkages within devel-
opment policies is not new, and dates back to the seminal work by
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development economists such as Hirschman (1958) and Rostow (1960).°
Hirschman took a remarkably original stand with respect to the mainstream
growth theory based on factor endowments. The role of linkages in Hirsch-
man’s work (1958) serves the purpose of creating new sectors by way of
scalable intermediate demand, and therefore represents a useful device to
identify strategies of development policy that favour diversification of the
sectoral composition of economies. We reiterate that this scalable interme-
diate demand would be the ‘representative domestic demand’ a la Linder.
Linder (1961) in fact argued that what ultimately affects trade is the emer-
gence of a domestic ‘need’, the development of capabilities to meet such do-
mestic demand, and the achievement of a ‘representative domestic demand’
that becomes a trade comparative advantage (ibid.: 87).

As mentioned in the Introduction, here we build upon and extend the work
of Lopez-Gonzalez et al. (2015, 2019) by exploring whether the Hirschman-
Linder hypothesis could apply to backward linkages emerging from NRI
demand, particularly to KIBS.” In doing so, we distinguish between min-
ing and agriculture because the latter sector is usually considered to be
less prone to NR curse effects than the former (Venables, 2016). However,
primary non-extractive activities may still increase countries’ dependence,
expose them to price volatility and make them less likely to diversify due
to the lack of inter-sectoral linkages (Hirschman, 1958; Matsuyama, 2009;
Vogel, 1994). For these reasons we include them separately in our analysis,
where we consider agriculture, hunting and fishing, which we refer to as ag-
riculture (AGR) for short; and mining and quarrying, which we refer to as
mining (MIN) for short. In the remainder of the article, when we refer to
both agriculture and mining, we will use the general term NRI.

DATA AND EMPIRICAL STRATEGY

Data

We use the inter-country input-output (ICIO) tables for the years 1995—
2011,% compiled by the OECD, which cover 33 sectors in 64 countries

6. According to Hirschman (1958), there are different types of externalities, depending on
whether activities are related to one another by backward or forward inducement mech-
anisms, i.e. whether certain sectors, by demanding inputs, induce the growth of supplier
industries (input provision or backward linkage effect) or, rather, by supplying output in-
duce the growth of client industries (output provision or forward linkage effect).

7. We also test our conjecture by looking at high-tech manufacturing as backward linked sec-
tors. In Appendix I, Table Al.1 reports the full list of the sectors used in our analysis, and
how they are aggregated into KIBS and high-tech manufacturing, in line with the OECD
classification, which is based, in turn, on research-and-development expenditure.

8. See: www.oecd-ilibrary.org/trade/data/oecd-wto-statistics-on-trade-in-value-added/trade-
in-value-added-edition-2016_2644abe4-en
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(including a compound for the rest of the world, that represents all coun-
tries not included in the ICIO tables). The ICIO tables enable us to observe
inter-sectoral linkages and to trace value added flows from the originating
to the destination sector, both domestically and across borders.” Rather than
considering gross exports, a value added approach allows us to capture each
sector’s domestic value added contribution to a country’s exports, reallocat-
ing value added exported to the sectors from which it has originated (Koop-
man et al., 2014). In this way, we can assess the extent to which the increase
of exports in a given sector is driven by domestic productive activity in that
sector, as opposed to value added contributions coming from other sectors,
either domestic or foreign (i.e. imports).

With the availability of 33 sectors, the data are quite aggregated, and each
sector includes a wide range of different activities. By looking at exports,
we focus on the share of production that is tradable and meets the quality
standards to be competitive on the international market, in line with much
of the literature mentioned above (see, among others, Hidalgo et al., 2007).
This choice is also consistent with the literature on Dutch disease economics
(Corden, 1984; Torvik, 2001), and allows us to focus on the effect of large
shares of NRI on export in other sectors.

To maximize the number of observations, we carry out the analysis at
the geo-sector level, i.e. looking at each of the two KIBS sectors, computer
and related activities (ICT) and business services (BZS), as well as high-
tech manufacturing in each country. We carry out a separate analysis for
the two KIBS sectors across 64 countries and for six high-tech manufactur-
ing industries also across 64 countries, yielding two panels of 128 and 384
country-sectors, respectively, over the 1995-2011 period.'”

Variables

We operationalize our conjecture on the importance of NRI’s domestic
intermediate demand by estimating domestic value added (DVA) in exports
of sectors other than NRI, because of backward linkages with NRI. For clar-
ity’s sake, we discuss here all measures in relation to KIBS, although the
same variables have been computed for high-tech manufacturing and we
replicate our analysis for these industries too. Our main outcome variable is

9. While a range of inter-country input-output databases are available, we chose the ICIO from
the OECD because it offers the largest coverage of countries, while still being based on
statistical information from countries, without using imputation methods (Kowalski et al.,
2015).

10. The ICIO data provide a balanced panel. However, the World Development Indicators,
which we use for our control variables, have some missing values. This makes the final
panel we are working with unbalanced. We therefore drop some countries from our analysis
altogether: Brazil, Brunei, Vietnam and the Rest of the World compound.
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Figure 1. Domestic Value Added (DVA) in Gross Exports
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added measure.

Source: authors’ adaptation from World Bank Group et al. (2017).

the DVA in exports per capita of KIBS, which we compute with the ICIO
compiled by the OECD.

We detail at length in Appendix Il how we compute the main indicators
using standard input-output methodology. Here we consider the indicators
we employ and compare these with the different components of trade in
value added that the literature has identified. Figure 1 synthesizes this and
identifies the portion of value added that our measure captures.

Our main explanatory variable is domestic intermediate demand for
KIBS, generated by NRI in per capita terms. For this variable too, we rely
on the OECD ICIO tables and we discuss the computation methods in detail
in Appendix II. We use input-output tables to isolate the domestic back-
ward linkages that exist between NRI and KIBS that are at the core of our
Hirschman-Linder hypothesis, and we divide these by countries’ total popu-
lation.

Finally, we know that both human capital and information and commu-
nication technologies (ICT) infrastructure have played a significant role in
the expansion of the service sector and its linkages with the rest of the eco-
nomy (Guerrieri and Meliciani, 2005; Lopez-Gonzalez et al., 2019). For this
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reason, we rely also on the World Bank World Development Indicators and
include the gross enrolment in secondary education to capture human cap-
ital and Internet users per thousand inhabitants as a proxy of technological
infrastructure, particularly related to ICT.

Econometric Strategy: Baseline Model

Once we have constructed our variables of interest we can test our main
conjecture of the Hirschman-Linder hypothesis applied to NRI. The general
form of our estimated equation is the following:

dvacap.; = oy + Bidvacap.i— + Brddcap i + B3schooling,,

+PBainternetaccesse + o + o + o + & (1)

In equation (1):

dvacap.; is the log of domestic value added embodied in each country ¢
and sector i’s gross exports per capita in each year r. We look at KIBS and
high-tech manufacturing separately;

ddcap.; is the log of per capita domestic intermediate demand provided
by the NR sector to each KIBS country-sector in year ¢. Here too we look at
intermediate demand for either KIBS or high-tech manufacturing, depend-
ing on our outcome variable of interest;

schooling,, captures human capital through years of schooling in each
country ¢ and year

internetaccess., is internet users per thousand inhabitants and captures
countries’ technological infrastructure.

A full list of the variables in equation 9 — as well as in the extensions we
discuss below — is provided in Appendix I (Table Al 2).

We also control for country, sector and year fixed effects (FE): «., «; and
o, respectively. Country FE are particularly important here because we have
both high-income and developing countries in our sample that have institu-
tions of different quality, which the literature has identified as a key factor
in dispelling the natural resource curse (Arezki and van der Ploeg, 2010;
Kolstad, 2009; Mehlum et al., 2006).

Two more issues need to be dealt with. First, export of value added in
KIBS is likely to be affected by serial correlation, as current levels of exports
are often correlated with past ones. Second, the relationship between exports
of KIBS and the domestic intermediate demand coming from NRI is likely
to go both ways. While we want to test whether increases in the domestic
intermediate demand from NRI generate increases in the export of KIBS,
it is also possible that causation may run the other way around, through a
simultaneous effect.

To deal with both issues, we opt for an autoregressive model, includ-
ing the lag of the outcome variable on the right-hand side of the equation,
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388 Maria Savona and Filippo Bontadini

dvacap.;—,. It is worth noting that including the lag of our outcome vari-
able makes it impossible to use country-sector fixed effects (while it remains
possible to use country and sector fixed effects separately). This is because,
in this case, country-sector FE would correlate by construction with the
error term in our equation 1 (g&;) with the lag of the outcome variable, lead-
ing to what is known in the literature on dynamic models as the Nickell bias
(Nickell, 1981).

We illustrate the implications of this with an example. As things stand,
our empirical analysis would not be able to control for country-industry
specificities; for example, the fact that KIBS sectors in Chile may have de-
veloped specifically to meet the demands of the very large copper industry,
while KIBS sectors in France, for example, will not have developed in this
same direction. These aspects are of course crucial to our investigation, and
it is important to fully take them into account.

To achieve this, we augment equation 1 with a time invariant pre-sample
mean of our outcome variable (dvacap,; in equation 2 below) that allows us
to control for country-industry pre-existing and time invariant conditions.
This choice is consistent with the well-established literature on dynamic
models suggesting that in the presence of highly persistent variables, as is
the case for value added flows, pre-sample means are preferable to tradi-
tional FE estimators (Blundell et al., 1995, 2002).

dvacap.; = oy + Bodvacap,, + Bidvacap.;— + Paddcap.i
+Bsschooling.; + Bainternetaccess. + o + o; + o + &5

2

The approach described above deals appropriately with the issue of ser-
ial correlation as it allows us to include the lag of the outcome variables
controlling in a flexible way for country, industry and country-industry FE,
while also avoiding the risk of the Nickell bias.

The inclusion of the lag of the outcome variable also mitigates concerns
for reverse causality as mentioned above. By controlling for the previous
level of export of value added per capita we are also, implicitly, controlling
for the possibility that countries that already had very well-performing KIBS
sectors develop a domestic intermediate demand from their natural resource
industries because of this pre-existing advantage.

However, some concern about the direction of causality may still linger
and therefore we replicate our results by treating both our explanatory vari-
able and the lag of our outcome variable as endogenous. To accommod-
ate this, we perform a robust version of the system generalized method of
moments (GMM) with Windmeijer’s (2005) correction for finite sample.
The GMM uses lags of our endogenous variables as internal instruments
and deals simultaneously with the Nickell bias and reverse causality and
allows us therefore to include country-industry fixed effects (o), rather than
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country () and industry («;) fixed effects separately, as shown in equa-
tion 3:

dvacap.i; = ag + Bidvacap.;—1 + Brddcap.;; + Bsschooling,,
+Bainternetaccessq + i + o + & (3)

This alternative specification is significantly more demanding than what is
presented in equation 2, since we can only exploit variation within country-
industries over time, but we also feel it is more robust and deals with both
threats to our identification strategy.

Econometric Strategy: Revealed Comparative Advantage and Productivity in
Natural Resource Industries

Using both empirical approaches discussed above, we also wish to test the
additional hypothesis that countries with a specialization in NRI experience
a stronger relationship between backward linkages stemming from NRI and
the export of value added of KIBS and high-tech manufacturing sectors. To
test this, we interact our main explanatory variable with a dummy variable
nr_rca that takes value 1 if the country has a revealed comparative advantage
(RCA) in NRI. We measure RCA with a value-added Balassa index:

DVA.;/Y ;DVA.;
Y DVA.i/> .Y DVA.;

In equation 4 we retrieve the same measures we have computed in Ap-
pendix II (see equation 5a), but for NRI, and we compare the share that
each sector i represents in the total export of country c (i.e. the numerator
of the ratio) with the share that exports from industry i from all countries
represent in total exports of all countries and sectors (Balassa, 1965). If this
index takes a value above one it means that the country ¢ has a revealed
comparative advantage in sector i. The use of the revealed comparative ad-
vantage to assess countries’ specialization in NRI has the benefit that our
understanding of specialization does not rely on any ex ante and arbitrary
definition.

However, the RCA is also a measure of relative specialization: a coun-
try with an RCA in NRI above one is a country in which NRI represents
a higher proportion in its exports than it does in the world’s exports (ibid.).
The underlying idea of the RCA is that countries specialize in sectors whose
production requirements they are best equipped to meet (Chor, 2010), which
may lead to equating specialization and competitiveness (Hidalgo et al.,
2007). Competitiveness in a sector is, in turn, often related to productiv-
ity: countries that are more efficient at producing in a given sector will be
more likely to be more competitive (and to specialize) in this sector (Chor,
2010).

NR_RCA,; = . withi € NRI (4
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For NRI this reasoning is, however, a little more complex. A country
may develop a specialization in NRI and therefore have a Balassa index
above one, only because of its endowment in NR, regardless of the sector’s
productivity. This has bearing on the interpretation of our results and in
particular the channels through which NRI intermediate demand may spur
export of value added in KIBS (or high-tech manufacturing), depending on
the source of RCA in NRI.

On the one hand, very productive NRI allow a country to develop an RCA
in NRI, hence requiring more and/or higher-quality KIBS inputs, therefore
increasing KIBS export performance. There is thus a ‘quality’ effect of the
intermediate demand spilling over from NRI on the export performance of
KIBS. On the other hand, a very large NRI, regardless of its productivity,
provides a very large intermediate demand and this ‘scale’ (or quantity) ef-
fect improves KIBS export performance.

These two channels are not mutually exclusive of course, but it is import-
ant to disentangle them to understand for which countries our results will
be relevant. On the one hand, if improvements in the export of KIBS are
conditional on the ‘quality’ of the intermediate demand to which they are
exposed, countries relying mainly on the size of the NRI (which are often
developing ones) will be unlikely to see their KIBS sector benefit from NRI
domestic intermediate demand. On the other hand, if the ‘scale’ effect is at
play, countries can exploit the size of the NRI intermediate demand, regard-
less of its ‘quality’, to increase KIBS export performance.

To ascertain this, we need to control for the ‘quality’ effect that could
drive countries’ specialization in NRI. We proxy the quality of the inter-
mediate demand with an index of productivity of NRI,!" which we compute
by dividing the domestic value added of the NRI by its inputs, i.e. its inter-
mediate demand. This is admittedly a crude measure of productivity; but it
has the advantage of being readily computable at the sectoral level in our
data.'? It considers productivity as a measure of efficiency in production, as
it captures how much value added is produced given the input required by
the production process.

Part of the intermediate demand of NRI is already included in our main
explanatory variable; we therefore exclude this share of intermediate de-
mand from the calculation of our productivity index.

VA

VAIC = 5
({C — ICyr—ki1Bs) ©

11. As above, we compute this measure of productivity for agriculture and mining separately.

12. An alternative approach would have been to compute labour productivity at the sectoral
level; however, employment data at the sectoral level for all the countries in our sample is
not available. The world input-output tables (WIOT) would have been an alternative source
as they include inter-country input-output tables and sectoral levels of employment, but
they cover a significantly smaller number of countries, and include very few developing
countries.
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Where VA is domestic value added and the denominator is intermediate
consumption (IC) minus the intermediate consumption met by the KIBS
sectors (ICnr-kiBs). We then augment our equations 2 and 3 with this add-
itional control, obtaining the econometric model we bring to our data and
obtain for our specification with pre-sample mean:

dvacap; = &y + Bodvacap; + Brdvacape—i + rddcap,i
+ Bsschooling.; + Bainternetaccess. + Bsvaic,;
+ac+ai+a + ey (6)
While for our GMM model it will be:

dvacap.; = ay + Prdvacape 1 + paddcape + Baschooling.,
+ Bainternetaccess., + Bsvaicy; + o + o + € 7

In the next two sections we present first some descriptive evidence on the
relationship between domestic intermediate linkages emanating from NRI
and export of value added of KIBS and high-tech manufacturing industries,
and then turn to the econometric results.

DESCRIPTIVE EVIDENCE

Before we discuss our econometric results in the next section, we present
here some descriptive evidence on the relationship between NRI domestic
intermediate demand and KIBS domestic value added in exports. Figure 2
plots the natural logs of per capita DVA in the KIBS sector and the logs of
per capita intermediate demand emanating from NRI for KIBS. The round
and triangular points correspond to countries with and without an RCA in
NRI, respectively.!* The same applies for the dotted and dashed fitted lines,
while the solid fitted line is plotted without distinguishing between countries
with or without an RCA.

There is a strong and positive relationship between the two variables. We
also see that the countries without an RCA in NRI tend to have higher levels
of KIBS DVA, although the fitted line has a slightly lower slope; this sug-
gests that the relationship may be less strong. Countries without an RCA
in NRI have in fact higher variability of KIBS DVA for similar levels of
intermediate demand for KIBS from NRI.

To provide a more concrete view, we replicate Figure 2 in Appendix 111
(Figure AIIL.1), by plotting only countries’ averages — computed over years
and sectors — for per capita NRI domestic intermediate demand and KIBS

13. Tables AI.3 and AL.4 in Appendix I list all countries with an RCA in AGR and MIN re-
spectively.
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Figure 2. Domestic Intermediate Demand from NRI and KIBS Domestic Value
Added in Exports
I{) =
o |
© |

T
=25 -20 =15 -10

NRI domestic intermediate demand
o) KIBS DVA per capita with NRI RCA Fitted values with NRI RCA
A KIBS DVA per capita without NRIRCA ~ — —— —- Fitted values without NRI RCA
Fitted values

Note: Figure 2 plots the natural log of domestic intermediate demand per capita from natural resource in-
dustries (NRI) against the natural log of knowledge-intensive business services domestic value added (KIBS
DVA) per capita. These are all negative because the original data from the ICIO tables are measured in US$
millions, which yields values below 1 when divided by the population to obtain per capita measures.
Source: authors’ calculations based on ICIO tables. www.oecd-ilibrary.org/trade/data/oecd-wto-statistics-
on-trade-in-value-added/trade-in-value-added-edition-2016_2644abed-en

DVA.!'* We can see that high-income countries with a specialization in nat-
ural resources, like Australia (AUS), Canada (CAN) and Norway (NOR)
have both the highest per capita intermediate demand for KIBS and the
highest per capita export of KIBS DVA. This, however, does not seem to
drive the positive relationship between the two variables. Among develop-
ing countries, Argentina (ARG), Chile (CHL) and Cost Rica (CRI) also have
rather high levels of KIBS DVA in export per capita and intermediate de-
mand from NRIL

However, while the relationship seems to be strong and positive for both
high-income and developing countries alike, it is true that only the former
have achieved high levels of DVA in KIBS export and domestic interme-
diate demand emanating from NRI. This points to the fact that while there

14. For completeness, we also provide figures for intermediate demand for AGR and NRI —
Figures AIIL.2 and AIIL.3 in Appendix III — which show a very similar story to the one
discussed here.
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Figure 3. Domestic Intermediate Demand from AGR and KIBS Domestic Value
Added in Exports
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AGR domestic intermediate demand
o} KIBS DVA per capita with AGR RCA Fitted values with AGR RCA
A KIBS DVA per capita without AGR RCA  —— ——- Fitted values without AGR RCA
Fitted values

Note: Figure 3 plots the natural log of domestic intermediate demand per capita from AGR against the natural
log of knowledge intensive business services domestic value added (KIBS DVA) per capita. These are all
negative because the original data from the ICIO tables are measured in US$ millions, which yields values
below 1 when divided by the population to obtain per capita measures.

Source: authors’ calculations based on ICIO tables. www.oecd-ilibrary.org/trade/data/oecd-wto-statistics-
on-trade-in-value-added/trade-in-value-added-edition-2016_2644abe4-en

is potential for domestic linkages to drive economic diversification, this is
not an automatic mechanism, as we know from many case studies (see, for
example, Marin et al., 2015).

The positive association detected in Figure 2 is borne out even more
strongly when we look at the AGR sector alone, in Figure 3: the legend
in this figure is the same as for Figure 2. We see again that the countries
without an RCA in AGR tend to cluster in the upper-right corner of the
graph, which means that they usually have higher levels of both domestic
intermediate demand from AGR and KIBS DVA. However, the slope of the
fitted line is smaller when compared to the subsample of countries with an
RCA in AGR, which suggests that the relationship between intermediate de-
mand from AGR and the export of KIBS DVA may be stronger for countries
with an RCA in AGR. This also supports the idea that the relative size of
NRI may play a role in influencing the relationship between the domestic
intermediate demand originating from this sector and the DVA exported by
KIBS.
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Figure 4. Domestic Intermediate Demand from MIN and KIBS Domestic Value
Added in Exports
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Fitted values

Note: Figure 4 plots the natural log of domestic intermediate demand per capita from MIN against the natural
log of knowledge intensive business services domestic value added (KIBS DVA) per capita. These are all
negative because the original data from the ICIO tables are measured in US$ millions, which yields values
below 1 when divided by the population to obtain per capita measures.

Source: authors’ calculations based on ICIO tables. www.oecd-ilibrary.org/trade/data/oecd-wto-statistics-
on-trade-in-value-added/trade-in-value-added-edition-2016_2644abed-en

When we turn to the MIN sector in Figure 4, we find once again a posit-
ive association between our variables; interestingly we find here that coun-
tries without an RCA are located more towards the upper-left quarter of the
graph. This hints at the fact that they have rather lower levels of intermedi-
ate demand from MIN but higher levels of DVA KIBS. In contrast, countries
with an RCA in MIN tend to have lower levels of export of KIBS.

This descriptive evidence supports our main conjecture of a positive as-
sociation between NRI domestic intermediate demand and DVA exported
by KIBS. Relating back to Venables’ (2016) distinction between agriculture
and mining industries, we find some interesting differences. The positive
relationship we detect seems to be particularly strong for the AGR sector,
rather than MIN. This may suggest that the enclave thesis might apply to
backward linkages from extractive NRI more than to renewable NRI. This
would lend further support to the argument of Venables (ibid.), that agricul-
tural natural resources may have fewer negative effects on countries’ eco-
nomic performance.
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These figures offer prima facie evidence on the relationship between do-
mestic intermediate demand and DVA exports of KIBS, which is likely to
be riddled with endogeneity, particularly due to reverse causality and sim-
ultaneity of the relationship. As mentioned, our econometric approach aims
to deal with these issues.

ECONOMETRIC RESULTS

We present our results for all NRI, as well as for agriculture and mining
separately. Here we focus on the results from our pre-sample mean specific-
ation as described in equation 6, but we comment on the results by con-
trasting them with our GMM approach from equation 7, which we present
in Appendix IV for the sake of space. Each table in this section reports the
results both with and without our proxy for the quality of the NRI and with
and without the dummy for RCA. Naturally, when looking at agriculture and
mining separately, both the variables and the domestic intermediate demand
per capita have been computed for these sectors alone.

NRI and Backward-linked KIBS

Table 1 presents our key results for export of value added in the KIBS sector
and the domestic intermediate demand generated by NRI as a whole. We
find that domestic intermediate demand from these industries for KIBS has
a positive effect on the export of value added in KIBS in per capita terms.
The introduction of our dummy for the presence of an RCA in NRI does
not change this result and the positive (though only weakly significant, see
Columns 3 and 6 in Table 1) coefficient of the interaction term suggests that
the positive relationship between domestic intermediate demand for KIBS
and export of value added of KIBS is even stronger for countries that have
developed an RCA in NRI.

When we add our control for productivity in the NRI we do not find any
significant change in our estimates and the coefficient for this additional
control is never significant which suggests that the relationship between our
two key variables of interest is not driven by a quality effect of NRI, but
rather by the scale effect. It appears that it is the size of domestic interme-
diate demand generated by NRI that amounts to what Linder refers to as
‘domestic representative demand’ that leads to higher levels of export of
KIBS value added per capita (Linder, 1961: 87). Our preferred specifica-
tions (see Columns 3 and 6 in Table 1) suggest that these relationships are
not economically negligible either; given that both our outcome and explan-
atory variables are expressed in logarithms, they can be interpreted in terms
of elasticity. A 1 per cent increase in the domestic intermediate demand of
NRI for KIBS is associated with a 0.06 per cent increase in the domestic
value added included in KIBS exports.
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Natural Resource Curse and the Hirschman-Linder Hypothesis 397

In Tables 2 and 3 we replicate the results from Table 1 by looking at ag-
riculture and mining separately. We find overall very consistent results: the
interaction between the presence of RCA in either agriculture or mining is
positive and strongly statistically significant, indicating that countries with
an RCA in these industries are best placed to exploit domestic intermediate
demand from these industries to spur export of value added from KIBS.
The association also remains economically meaningful when we look at
intermediate demand emanating from the agriculture and mining industries
separately. For the former, a 1 per cent increase in domestic intermediate
demand is associated with a 0.06 per cent increase in DVA in per capita
export of KIBS. The elasticity is lower, 0.03 per cent, but still positive and
economically meaningful for the mining sector.

In Appendix IV, we replicate these three tables using our GMM approach
(see Tables AIV.1-AIV.3), which uses past lags of both the outcome vari-
able and our key explanatory variable as internal instruments and includes
country-industry fixed effects. This is an even more robust, but also more
demanding, specification that deals appropriately with both serial correl-
ation and reverse causality concerns discussed in the previous section. Our
key results are maintained, despite a loss in significance especially con-
cerning the interaction between the RCA dummies and the domestic inter-
mediate demand from NRI. While these results confirm, overall, our ini-
tial conjecture concerning the relevance of the Hirschman-Linder hypothesis
for the natural resource sector, they also warrant caution in concluding that
countries with an RCA in such industries are best placed to benefit from this.

NRI and Backward-linked High-tech Manufacturing

We now turn to testing our Hirschman-Linder hypothesis with respect to
the domestic intermediate linkages between natural resource industries and
high-tech manufacturing. This is particularly relevant because, as emphas-
ized when reviewing the literature, most of the scholarship has looked at the
inter-sectoral linkages originating from NRI to downstream manufacturing
activities, often arguing that these were not a viable path to diversification
towards the manufacturing sector (Auty, 1986; Hausmann et al., 2008). Our
approach complements this evidence by focusing on the role of backward
linkages in spurring the emergence of export in high-tech manufacturing
industries.

Our results confirm the Hirschman-Linder hypothesis for high-tech manu-
facturing too. Interestingly, however, while we find a positive effect of NRI
domestic intermediate demand for high-tech manufacturing, the interaction
term with the dummy for RCA in NRI is never statistically significant, sug-
gesting that this relationship is irrespective of countries’ specialization in
NRI (see Tables 4, 5 and 6).

In our GMM specification, which we present in Appendix IV, ‘Robust-
ness Checks with GMM” (see Tables AIV.4-AIV.6), we find confirmation
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of these results, with the interaction between RCA in agriculture industries
and domestic intermediate demand from this sector showing a negative and
(weakly) significant coefficient, suggesting that countries that have special-
ized in this industry may be at a disadvantage in exploiting its intermediate
demand in order to diversify towards high-tech manufacturing.

DISCUSSION AND CONCLUSIONS

This article has offered a novel angle and fresh empirical evidence to revisit
the role of backward and forward linkages a la Hirschman (Lopez-Gonzalez
et al., 2015, 2019), in a context of countries abundant with natural resources
which face the opportunities and challenges of having to ‘diversify away’
from NRI. The article has aimed to contribute to the age-old debate on the
NR ‘curse’, which has been recently revamped, by testing our conjectures
and providing further empirical evidence.

The question ‘How to better achieve export diversification as a develop-
ment strategy?’ is of great relevance among academics and policy makers,
despite it not being new. This analysis has offered two new perspectives.
First, it has revisited the issue of backward and forward linkages discussed
by Hirschman, alongside some trade scholars (see, for example, Baldwin
and Venables, 2015), although in a context of NRI specialization. Second,
the article has contributed to the debate around diversification via benefi-
ciation — that is, the development of downstream, forward-linked manu-
facturing industries that process raw materials and natural resources (Haus-
mann et al., 2008). It has done so by considering diversification by develop-
ing backward linkages with KIBS, which have been relatively overlooked in
the debate on NRI, while also testing it for high-tech manufacturing sectors.

We have looked at whether specialization in NRI, separately in extractive
industries and agriculture, might represent a sizeable and high-quality ‘rep-
resentative domestic demand’ a la Linder, that can favour the creation of
KIBS and high-tech manufacturing sectors and facilitate export diversifica-
tion. We have explored whether there is a positive association between NRI
specialization and export performance of KIBS and high-tech manufactur-
ing. We find robust evidence in support of our conjectures.

Countries specialized in NRI, particularly in agriculture, show a positive
relationship with KIBS value added in exports, while this does not apply
to those specialized in extractive industries with respect to their high-tech
manufacturing’s export performance. Our results seem to support the view
that — after all — vertical linkages matter when it comes to identifying pat-
terns of diversification that build upon extant NRI specialization rather than
trying to move away from it. Looking at backward-linked sectors — and es-
pecially KIBS — is a first step to revisiting the narrative around NRI, and
surely one that contributes to the debate around ‘premature deindustrializa-
tion’ put forward by Rodrik (2016).
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While we do not explicitly provide evidence for specific industrial policy
tools, we hope to offer a background narrative that supports new direc-
tions of industrial policy for development. In general, it is not straight-
forward to identify appropriate policy tools that support domestic and
trade diversification in emerging countries, that allow ‘quality’ industrial-
ization or indeed ‘quality’ servicification, especially when countries start
from a specialization in natural resources. However, based on our res-
ults, we can offer a few reflections on the importance of a coherent
set of industrial policies that aim to support industrial development in
NR-based emerging countries. First, countries, particularly those abund-
ant and/or specialized in NRI, can identify related backward- or forward-
linked sectors that do not necessarily need to be on the technological
frontier but nevertheless represent feasible directions for structural trans-
formation. While this is not new, for instance within the product space
framework (Hausmann et al., 2007; Hidalgo et al., 2007), we argue that
the ability of countries to transition from one set of activities to an-
other one is based on a deliberate policy effort to support technologic-
al and sectoral upgrading, rather than similarity in capabilities endowment
(Ciarli et al., 2018).

Second, and more generally with reference to the ‘quality’ of specializa-
tion in NRI, such a deliberate effort would entail a novel narrative around the
support to international technology transfer, via, for instance, the presence
of multinational enterprises, most especially in NR-intensive countries. The
development of domestic capabilities for upgrading is the result of a patient
and long-term process of interaction of foreign and domestic firms, all the
more so in a context of international fragmentation of production. Currently
there is little reflection on the link between international technology trans-
fer, export diversification and domestic technology upgrading as an explicit
policy goal that aims to ensure quality directions to structural transforma-
tion (Barrientos et al., 2011; Fu et al., 2011). The conjecture and empirical
evidence of this article aim to contribute to the narratives that might support
furthering of these reflections.
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APPENDIX I

LIST OF INDUSTRIES, VARIABLES AND COUNTRIES WITH RCAS

Appendix Tables Al.1 and Al.2 show the industries, as well as their group-
ing, and the list of variables used in the econometric analysis, respectively.
In Tables Al.3 and Al.4 we report for each country the number of years in

Table Al.1. Macro Sector Groups and ISIC Codes

Groups ISIC Codes
KIBS Computer and related activities; C72TC73; C74.
Research and development and other business services.
NRI Agriculture, hunting, forestry and fishing; CO1TO05; C10T14
Mining and quarrying.
HTMF Chemicals and chemical products; C24; C29; C30T33X; C31; C34,; C35

Machinery and equipment;

Computer, electric and optical equipment;
Electrical machinery and apparatus;
Motor vehicles, trailers and semi-trailers;
Other transport equipment.

Note: The ICIO data are an aggregated version of the 2-digits ISIC Rev.3, so we have identified high-tech
manufacturing based on the high and medium-high technology intensity as defined by the OECD. See: www.
oecd.org/sti/ind/48350231.pdf

Source: authors’ own classification based on the OECD’s technology intensity definition.

Table AL.2. List of Variables and Acronyms

Variable name Description Source

dvacap Domestic value added (DVA) Authors’ own calculations with the
exported, excluding the portion of OECD ICIO tables
DVA embodied in exports of NR or
AGR or MIN

ddcap Domestic intermediate demand from Authors’ own calculations with the
NRI OECD ICIO tables

nr_RCA NRI revealed comparative advantage, Authors’ own calculations with the
computed as Balassa index OECD ICIO tables

vaic Productivity measure NRI Authors’ own calculations with the

OECD ICIO tables

Schooling Gross enrolment in secondary World Bank World Development
education Indicators

Internet access Internet users per thousand World Bank World Development
inhabitants Indicators

Source: authors’ elaboration; we compute these measures for all our specifications, i.e. looking at KIBS and
HTME, as well as mining and agriculture, both separately and jointly.
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Table AI.3. Countries with RCA in AGR

Number of Years Number of Years
Country with RCA in AGR Country with RCA in AGR
ARG 17 ISL 17
AUS 17 KHM 17
BGR 17 LTU 15
BRA 17 LVA 17
CAN 10 MAR 17
CHL 17 ME1 3
CHN 17 MYS 17
COL 17 NLD 15
CRI 17 NZL 17
CYP 1 PER 17
CZE 1 PHL 17
DNK 7 POL 5
ESP 16 PRT 12
EST 14 ROU 16
FIN 8 ROW 17
FRA 1 SVK 5
GRC 17 THA 17
HRV 15 TUN 17
HUN 17 TUR 17
IDN 17 VNM 17
IND 17 ZAF 7
IRL 4

Source: authors” own calculations based on the ICIO tables, see: www.oecd-ilibrary.org/trade/data/oecd-wto-
statistics-on-trade-in-value-added/trade-in-value-added-edition-2016_2644abe4-en

Table AI.4. Countries with RCA in MIN

Number of Years

Country with RCA in MIN
ARG 9
AUS 17
BRA 2
BRN 17
CAN 17
CHL 11
CHN 1
COL 17
IDN 17
MAR 6
ME1 17
MYS 17
NOR 17
PER 17
POL 2
ROW 17
RUS 17
SAU 17
TUN 13
VNM 17
ZAF 17

Source: authors” own calculations based on the ICIO tables, see: www.oecd-ilibrary.org/trade/data/oecd-wto-
statistics-on-trade-in-value-added/trade-in-value-added-edition-2016_2644abe4-en
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our sample in which they have a revealed comparative advantage (RCA) in
agriculture (AGR) and mining (MIN), respectively.

APPENDIX II

TRADE IN VALUE ADDED: METHODOLOGY AND MAIN INDICATORS

In this Appendix we discuss in detail how we compute the main measures
used in our econometric application. Input-output tables rely on the key idea
that output (X) equals final demand (F) and intermediate demand. The latter
can in turn be expressed as a fraction of total output, which the input-output
literature refers to as technical coefficients (A):

X=4xX+ F (1.a)

Input-output tables report both the intermediate and final demand in the
form of matrices, which we depict in the example below for three countries,
although our applications involved of course all countries and industries in-
cluded in the ICIO data:

Xa Aga Qaqb Qac Xa f;z
Xp | = |apa ap G| * | Xp| + | Jb (2.a)
Xe Aeqg Aep Aee Xe fc

In equation 2.a above, each element of matrix A represents for each unit of
output how much intermediate demand is required. By manipulating equa-
tion 1.a above we can rewrite it as follows and obtain the Leontief Inverse

(B):
X=U—-A)"«xF=BxF (3.9)

Or in our matrix example:

Xa ba,a ba,b ba,c fa
Xp | = |bva bopr bpe| * | fo (4.a)
Xe bc,a bc,b bc.c fc

The equation above represents the relationship between final demand,
intermediate linkages, and output. Specifically, each element of B repres-
ents the amount of production in each country that is activated by an addi-
tional unit of final demand in each country. The key difference with respect
to matrix A is that the Leontief Inverse captures all indirect linkages too.

In order to take a value-added approach, we can pre-multiply the Leontief
Inverse by a diagonalized vector of value-added shares of output and post-
multiply it by a matrix of final demand linking the country of consumption
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with the country that satisfies the final demand, whereby we obtain:

Va 0 0 ba,a ba,b ba,c ﬁl,a ﬁz,b fa,c
DVA=10 vy O (% [boa bpp boc| * | foaw Job Jfoe
0 0 Ve bc.a bc,b bc,c fc,a fc,b fc,c

(5.9)

Which we can more explicitly write as:

VoDbafaa + Vobub foa + Vobuefea  ViDiafab + Vobun fob + Voboefer  Vobpafae + Voo foe + Vobie fec
vcbuu.ﬁm + VL‘bcbfba + vcbcl.'f;.'a vcbcu.ﬁlb + vcbcbfbb + vl.‘bct.fcb Vc‘bmfa(' + v('bz‘bfb(' + V(:bcc.ﬂ'('
(6.9)

The items in bold in equation 6.a represent the portion of value added
that is produced in a given country and consumed abroad. For the case of
country a we can look at the value added produced by the country itself that
is consumed by country b. This includes the value added that is processed in
a and consumed in b (v,b,, fup), the value added processed and consumed in
b (vabap frp) and the value added from a processed in ¢ and then exported to
b for final consumption v,b,. f.». Figure 1 in the main text highlights exactly
the portion of value added embodied in trade that this methodology allows
us to capture.

Following the discussion above, we isolate for each country and KIBS
sector the components of domestic value added that are absorbed by for-
eign demand obtaining our vector of observations, which we divide by each
country’s population obtaining domestic value added in exports per capita
in KIBS sector.

|:Vabauﬁ1a + Vabab foa + Vabacfea  Vabaafub + Vabab fob + Vabac feb  Vabaa fac + Vabas foe + Vabacfcv:|

DV A,

DVAcap., = ————;
Pe, Population,

withi € KIBS (7.a)

It is worth pointing out that our outcome variable includes value added
from KIBS that is also exported indirectly through NRI exports. This is
also included in our explanatory variable, that captures the domestic de-
mand for KIBS generated in NRI. This might raise the concern that our
results are driven by mechanical links that exist between our two variables
of interest by construction. To avoid this pitfall, we exclude from our out-
come1 5Variable the portion of KIBS value added that is exported through
NRI.

We compute our main explanatory variable, domestic intermediate de-
mand for KIBS coming from the NR sector, in a similar way as we com-
puted the outcome variable, but we take the domestically linked value added

15. We achieve this by setting to 0 the rows in the Leontief Inverse that link our KIBS and NR
industries.
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(DLVA) where each entry is populated with each country-sector’s value-
added contribution to each sector’s output:

DLVA =V'(I — A);'F (8.a)

This matrix is computed in the same way as in equation 5.a. However, we
use (I — A);l, a modified version of the Leontief Inverse that only captures
the inter-sectoral linkages within the same country. In our example with
three countries and only one sector this would amount to setting to zero all
the off-diagonal elements of B from equation 5.a:

vi 0 0 by 0 0 Jaa  Jab  Jac
DIVA=10 v, O |x | 0 boo O | x| fou foo Joc
0 0 w 0 0 bs3 Jea  Jeb o Jfee

(7.2)

In our data, which include both countries and sectors, this means that
we extract the block diagonal of Leontief Inverse, with each block being a
square matrix of dimensions equal to the number of sectors included in our
data, i.e., 33.

From the resulting matrix we isolate those entries belonging to KIBS
rows and to NR columns that correspond to each KIBS industry’s contri-
bution in value added to each of the two NR industries’ output. We then
aggregate across NRI and divide by each country’s population and obtain
our measure of per capita domestic intermediate linkages between KIBS
and NRI.

DLV A,

DDcap.; = ———
P Population,

: withi € KIBS (8.a)

APPENDIX III

ADDITIONAL DESCRIPTIVE EVIDENCE

Here we provide additional descriptive evidence. As discussed in the De-
scriptive Evidence section in the main text, in Figures AIIl.1, AIIL.2
and AIIL.3 we plot countries’ average per capita KIBS DVA against the av-
erage per capita domestic intermediate demand from NRI, AGR and MIN,
respectively.
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Figure AIll. 1. Domestic Intermediate Demand from NRI and KIBS Domestic
Value Added in Exports, Country-level Averages
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Note: Figure AIIL1 plots the natural log of domestic intermediate demand per capita from NRI against the
natural log of KIBS DVA per capita, averaging for each country across years and industries. These are all
negative because the original data from the ICIO tables are measured in US$ millions, which yields values
below 1 when divided by the population to obtain per capita measures.

Source: authors’ calculations based on ICIO tables, see: see: www.oecd-ilibrary.org/trade/data/oecd-wto-
statistics-on-trade-in-value-added/trade-in-value-added-edition-2016_2644abe4-en

Figure AIll.2. Domestic Intermediate Demand from AGR and KIBS Domestic
Value Added in Exports, Country-level Averages
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Note: Figure AlIL2 plots the natural log of domestic intermediate demand per capita from AGR against the
natural log of KIBS DVA per capita, averaging for each country across years and industries. These are all
negative because the original data from the ICIO tables are measured in US$ millions, which yields values
below 1 when divided by the population to obtain per capita measures.

Source: authors’ calculations based on ICIO tables, see: www.oecd-ilibrary.org/trade/data/oecd-wto-
statistics-on-trade-in-value-added/trade-in-value-added-edition-2016_2644abe4-en
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Figure AIIlL.3. Domestic Intermediate Demand from MIN and KIBS Domestic
Value Added in Exports, Country-level Averages
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Note: Figure AlIL3 plots the natural log of domestic intermediate demand per capita from MIN against the
natural log of KIBS DVA per capita, averaging for each country across years and industries. These are all
negative because the original data from the ICIO tables are measured in US$ millions, which yields values
below 1 when divided by the population to obtain per capita measures.

Source: authors’ calculations based on ICIO tables, see: www.oecd-ilibrary.org/trade/data/oecd-wto-
statistics-on-trade-in-value-added/trade-in-value-added-edition-2016_2644abe4-en

APPENDIX IV

ROBUSTNESS CHECKS WITH GMM

Here we provide robustness checks on our econometric analysis, by testing
a dynamic autoregressive model with a system GMM approach. This evid-
ence complements the pre-sample mean OLS model discussed in the main
text finding overall robust results (Tables AIV.1, AIV.2, AIV.3, AIV4, AIV.S,
AIV.6).
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