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CHAPTER 1
Introduction

Then Huram the king of Tyre answered in writing, ... . Huram said moreover, Blessed be

the Lord God of Israel, that made heaven and earth, ... . And now I have sent a cunning

man, endued with understanding, ... skilful to work in gold, and in silver, in brass, in

iron, in stone, and in timber, ... and to find out every device which shall be put to him,

with thy cunning men. Now therefore the wheat, and the barley, the oil, and the wine,

which my lord hath spoken of, let him send unto his servants: And we will cut wood out

of Lebanon, as much as thou shalt need: and we will bring it to thee in floats by sea to

Joppa; and thou shalt carry it up to Jerusalem (2 Chronicles 2:11-16).

In the above we read an early account of what could be considered foreign

direct investment.1 The Poenician’s, famous for their building techniques, pro-

vided know-how and materials in order to help build the temple in Jerusalem.

Just as the Phoenician’s did not want to give away their advanced building

technologies to a neighboring kingdom, companies nowadays still want to

prevent their proprietary know-how from leaking to foreign firms. As a result,

companies often choose to establish production facilities abroad instead of

licensing their technologies to foreign firms. By establishing a subsidiary in the

host country, multinational firms internalize their ownership advantages.

FDI flows have increased rapidly in recent years. There has been a near

30-fold increase in FDI flows between 1980 and 2011 and in the last two

1Moore and Lewis (1999) show that multinational firms were first created by the Assyrian
empire but the Phoenician multinational firms that followed them were much more advanced.



2 1. Introduction

decades (1990s and 2000s) FDI inflows rose 250 percent faster than world gross

domestic product (GDP) and more than 60 percent faster than world trade

growth (see UNCTAD, 2012; Farole, 2016). Various countries have liberalized

their investment regimes which has led to a surge in FDI, especially in the

form of cross-border mergers and acquisitions (see e.g. Bitzenis et al., 2012).

FDI inflows in India, for example, nearly doubled in 2015 (reaching US$59

billion) partly as a result of measures taken by the government to improve the

investment climate.2

This dissertation studies how host countries can best benefit from increas-

ing inflows of FDI and it provides policy recommendations on optimal FDI

policy strategies. Host countries expect different benefits from FDI such

as an increase in capital inflows and higher local employment. However,

the diffusion of technology and knowledge is often considered to be the

main benefit that may arise due to FDI (see e.g. Hoekman and Javorcik,

2006; Demena and van Bergeijk, 2017). Javorcik and Poelhekke (2017) show,

for example, that the superior performance of foreign affiliates observed

around the world is not driven by a one-time knowledge transfer but by

continuous injections of knowledge and headquarter services from the parent

company to their overseas affiliates. Furthermore, Guadalupe et al. (2012)

show that foreign firms are more productive than domestic firms not just

because of proprietary technologies but also because foreign firms engage

more in innovation activities compared to domestic firms. This dissertation

analyzes how host country governments can enhance technology transfer by

multinational firms. Investments by multinational corporations may also lead

to crowding-out effects on local investment (see e.g. Backer and Sleuwaegen,

2003). Consequently, different countries impose protectionist policies such as

foreign ownership restrictions and restrictions on the number of foreign firms

which are allowed to enter. Foreign ownership restrictions are a common prac-

tice in developing countries and emerging market economies such as Brazil,

Indonesia, and India. These countries restrict foreign ownership in a wide

span of industries.3 In developed countries, foreign ownership restrictions are

2UNCTAD. Global Investment Trends Monitor 2016, No. 22.
3In India the limit of foreign ownership in insurance, is recently raised from 26 percent

to 49 percent. In China’s automobile industry, international car manufacturers can have an
ownership share of up to 50 percent.
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being imposed less often but are still present in different industries such as the

airline industry.4 Governments may also impose restrictions on the number of

foreign firms that are allowed to enter and compete with domestic firms. These

restrictions can be found in sectors such as banking, finance, communications,

and transport (see e.g. Wade, 1990; Saggi and Klimenko, 2007). Finally, various

governments try to prevent the acquisition of strategically important domestic

firms which are active in key technology-intensive industries. Also in advanced

countries there is increasing concern about foreign acquisition of domestic

firms especially by Chinese investors, in strategic sectors of the economy. 5 In

light of these restrictions, this dissertation also analyzes the optimal pattern

for liberalizing foreign investment regimes.

A major focus of this dissertation is on FDI in the natural resources

sector. Most inward FDI on the African continent flows towards resource-

rich economies such as Nigeria, Angola, and South Africa. Furthermore, the

export of hydrocarbons and minerals accounts for more than 70 percent of

this region’s total export (UNCTAD, 2016c). Many resource-rich countries that

specialize in the extraction of natural resources, realize that their economies

should diversify in order to prevent a resource curse (see e.g. Sachs and Warner,

2001) and in order to generate more inclusive, sustainable, and broad-based

growth beyond the finite lifetime of the natural resource deposits. One way to

attain this goal is to benefit from FDI technology and knowledge spillovers to

domestic firms. FDI spillovers may occur when, for example, domestic firms

imitate foreign firm technologies or when they hire workers that were trained

by multinational firms.

The level of technology transfer by a multinational firm will likely depend

on this firm’s strategic interaction with domestic firms and with other multina-

tional firms. The tools of game theory enable us to model strategic interaction

between different players. Hence, in Chapters 2 and 3 a game-theoretical

model is developed in which a number of multinational firms strategically

interact in technology transfer and compete in the product market stage.

4In the airline industry foreign firms can own 49 percent in the European Union and 25
percent in the USA. In Japans telecommunications sector foreign firm ownership is limited to
33 percent.

5The acquisition of Germany’s leading robotics manufacturer Kuka by the Midea Group of
China has drawn particular attention (see Moran, 2017).
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Chapter 2 focusses on the natural resources sector and compares different

types of foreign ownership restrictions which are often imposed by host country

governments. Chapter 3 analyzes the optimal mode of entry into a host country

by a number of multinational firms. Multinational companies may enter into a

host country by acquiring or merging with a host country firm or they may enter

directly by establishing new production facilities (i.e. greenfield investment).

Furthermore, this chapter analyzes the optimal pattern for liberalizing the

foreign investment regime.

The existing theoretical literature on technology transfer mainly considers

the entry mode of a foreign firm into a market dominated by domestic

companies (see e.g. Mattoo et al., 2004; Ethier and Markusen, 1996; Markusen,

2001; Saggi, 1996, 1999). However, numerous industries such as automobile,

electronics, extractive and chemical industries, are dominated by foreign

multinational companies and national firms play a less prominent role (similar

point is made by Markusen and Venables, 1998). Multinational companies

in these industries compete in the product market and strategically interact

in technology transfer. Hence, this dissertation extends the existing models

by taking into account strategic interaction among multinational firms in

both technology transfer and the product market stage. Such an extension is

valuable given the increase in cross-border investments which is observed in

practice.

Using the South African National Innovation Survey, Chapter 4 analyzes

the firm and industry characteristics that determine R&D collaboration with

knowledge institutions in an emerging market economy. An important way in

which multinational firms transfer technology is by engaging in (cooperative)

R&D in host countries. In Singapore, for example, technology transfer by

multinational corporations played an important role in upgrading techno-

logical capabilities. In the 1970s and the 1980s, the training of employees by

multinational firms and linkages with supporting industries led to significant

technological development. In later stages, local public R&D institutions

complemented and supported the rising R&D activities of multinational firms.

This allowed for the acquisition of innovative skills and resulted in intellectual

property through patenting and technology spin-offs (see Wong, 2003). Given

the importance of industry-science research partnerships in the process of
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technological catch-up (see e.g. UNIDO, 2005; Mazzoleni and Nelson, 2007)

interest into such partnerships in a developing country context has been

on the rise (see e.g. Eun et al., 2006; Hershberg et al., 2007; Mathews and

Hu, 2007; Wong et al., 2007; Liefner and Schiller, 2008; Rapini et al., 2009;

Albuquerque et al., 2015). However, as observed by Kruss et al. (2012) "there

has been little systematic research on the conditions of universities and firms

and their potential for interaction across national systems of innovation

in the countries of sub-Saharan Africa" (see Kruss et al., 2012; Muchie et

al., 2003; World Bank, 2009). An important focus of Chapter 4 is on the

complementarity between R&D cooperation with scientific organizations and

the internationalization of production. Emerging market firms are increasingly

investing overseas. In order to compete in foreign markets, these firms need

to develop technological assets and to develop these assets, firms continually

need to engage in (cooperative) R&D. Hence, engaging in cooperative research

agreements with knowledge institutions may be a complementary strategy to

outward FDI. This complementarity between outward FDI and cooperative

research with knowledge institutions has not been taken into account in the

existing literature on industry-science R&D collaboration.

While Chapter 4 analyzes the determinants of industry-science cooperative

research agreements, Chapter 5 analyzes which type of cooperative research

agreements result in product and process innovations. Chapter 5 looks

specifically at cooperative research agreements with foreign partners in the

mining sector. In order to de-enclave the mining sector, resource-rich countries

have imposed regulations on mining companies, including obligations to

hire and train local workers, to buy from local suppliers and to advance local

research and development. Due to higher demand from multinational affiliates,

local suppliers may benefit from scale economies and suppliers may upgrade

their production management. According to David and Wright (1997), the US

grew out of resource dependence through linkages with suppliers. Morris et

al. (2012) analyze linkages with domestic suppliers in the extractive industries

of Sub-Saharan African countries. They show situations in which linkages

occur due to market forces and situations in which they do not. Aragón

and Rud (2013) analyzing a large gold mine in Peru find positive spillovers

due to an increase in local procurement. Finally, De Haas and Poelhekke
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(2016) show that mining projects hurt the business environment for traded

sector firms in the immediate vicinity of mines due to competition for inputs,

which translates into a loss of employment. However, downstream firms

seem to benefit. On a wider geographical scale mining projects improve the

business environment for all firms, suggesting investment in beneficial public

goods or an increase in demand. In the natural resources sector, Norway

is one of the countries that successfully used foreign investment in order to

develop technological capabilities. When the first oil fields came on stream

in the 1970s, the Norwegian government took different steps to increase R&D

activity by international oil companies. The government established different

research centers focussing on oil and gas related research and the international

petroleum companies were given points for contracting Norwegian firms and

local research institutes. These points would increase a multinational’s chance

of getting concessions in new licensing rounds. The government also made

R&D spending tax deductible. These and other policy initiatives taken by the

Norwegian government resulted in much oil-related research which was often

carried out in collaborated with domestic research centers and Universities

(Gulbrandsen and Nerdrum, 2007; NTNU-Trondheim, 2014). As a result, the

country now has a number of oil and gas (service) companies that operate at

the technological frontier. As noted by Phelps et al. (2015) the existing literature

focusses on the pecuniary effects of linkages and discussion of technological

externalities is almost absent in past studies of enclaves (see Phelps et al., 2015).

The main contribution of Chapter 5 is its focus on technological externalities

and cooperative research agreements with foreign partners.

Finally, Chapter 5 shortly addresses the issue of mining automation. Tech-

nological improvements in the mining industry have accelerated the process

of mining automation. As a result, fewer workers are needed at mine-sites, and

mining companies need high-technology equipment. Chapter 6 looks at how

host country governments need to adjust their policies in light of this process.

Theories of the Multinational Enterprize

Before the 1960s, FDI was considered to be same as any other form of

international capital movement. However, FDI flows between countries may
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often occur in both directions. Furthermore, subsidiaries of multinational

firms often borrow capital in the host country. Consequently, the traditional

theory of international capital movements which argues that capital flows from

low return countries to high return countries, is unable to provide a rationale

for FDI. Moreover, in case of perfect competition as assumed in neoclassical

theory, an increase in profits should induce market entry by domestic firms

which will eliminate excess profits and prevent market entry by foreign firms

(Hymer, 1960; Hymer, 1968; Kindleberger, 1969; Hufbauer, 1975).

Hymer (1960) was the first to provide a rationale for FDI based on market

failure. Hymer (1960) suggested that firms active in FDI must possess certain

ownership advantages such as certain technologies or skilled personnel which

host country firms do not posses. FDI occurs when it is more profitable to inter-

nalize these ownership advantages rather than to license these technologies to

a host country firm. Hence, multinational firms do not just transfer capital to

their subsidiaries but they exploit their ownership advantages by transferring

technological assets.

Another theory explaining why firms engage in international production

is provided by the transaction costs internalization theory (see e.g. Buckley

and Casson, 1976; Williamson, 1979; Rugman, 1981; Hennart, 1982; den Butter,

2012). According to this theory which is based on the theory of the firm

by Coase (1937), firms will choose to vertically integrate across borders in

case of high cross-border transaction costs in the market for intermediate

products. These high transaction cost may, for example, be a result of

information asymmetries between buyers and sellers. A seller may exploit

the information asymmetry which will result in high transaction costs for the

buyer. To eliminate these transaction costs a firm may choose to organize the

international transfer of intermediate products within the organization. This

vertically integrated system of organization is called hierarchy and reduces the

incentives for opportunistic behavior because one central party directs the

exchange (see Hennart, 1991). Williamson (1979) shows that due to incomplete

contracts a sub-contractor may behave opportunistically which makes vertical

integration more attractive especially in case of high asset specificity. In the

transaction cost-based argument for integration provided by Williamson (1979)

there is no trade-off between the positive and negative effects of integration.
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The property-rights theory developed by Grossman and Hart (1986) and Hart

and Moore (1990), however, shows under which conditions integration will

be preferred over non-integration. In Grossman and Hart (1986), integration

shifts the incentives for opportunistic and distortionary behaviour, but it does

not remove these incentives. They show that a firm chooses to purchase

another firm when integration increases this firm’s productivity by more than

it decreases the productivity of the firm that is being purchased. While, the

above studies focus on the bilateral relationships between buyers and sellers,

Grossman and Helpman (2002) further extend the literature by also taking into

account the choices of others firms in the industry. They show, for example,

how the make-or-buy decision will depend on the level of competition intensity

in the industry.

Antràs (2003) and Feenstra and Hanson (2005) further extend the above

mentioned literature by analyzing the make-or-buy decision in a global setting.

They build on the property-rights theory developed by Grossman and Hart

(1986) and Hart and Moore (1990). Antràs (2003) shows that capital-intensive

goods are mainly transacted within the boundaries of multinational firms,

while labor-intensive goods are traded at arm’s length. As a result, trade flows

between capital-abundant countries will mainly be intrafirm, while imports by

a capital-abundant country from a capital-scarce country will mostly occur at

arm’s length. Feenstra and Hanson (2005) consider a multinational firm that

has decided to set up an export-processing plant in a low-wage country. The

multinational firm chooses who should own the processing plant and who

should control the inputs that the plant processes. Feenstra and Hanson (2005)

show that multinational firm ownership of the plant and control of inputs is

optimal in case of high investment specificity or in case of low value-added in

processing activities. In contrast, when investment specificity is low, such that

holdup costs are small, divided ownership and control is optimal. Feenstra

and Hanson (2005) support their result with empirical findings from export

processing in China.

Grossman and Helpman (2005) do not look at the make-or-buy decision but

analyze firm’s decisions about where to outsource in a global economy. They

show that the extend of international outsourcing depends on the thickness

of the domestic and foreign market for input suppliers, the search cost in
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each market, the cost of customising inputs, and the nature of the contracting

environment. International trade and FDI theory distinguishes two forms

of multinational activity i.e. vertical and horizontal FDI. Multinational firms

engaged in vertical FDI, perform various stages of production in different

countries in order to exploit factor price differences across countries (see

Helpman, 1984; Helpman and Krugman, 1985). Firms engaged in horizontal

FDI, establish production plants close to their customers in foreign markets

in order to avoid costs of international trade such as transport and trading

costs (see e.g. Helpman, 1984; Markusen, 1992; Grossman et al. 2006). In

practice firms often vertically integrate in some countries and horizontally

integrate in others. Yeaple (2003) extends the existing literature by considering

this so called complex integration strategy in which multinational firms are at

the same time both vertically and horizontally integrated. Instead of using a

standard two-country model, he presents a three-country model which allows

for analyzing complex integration strategies. Yeaple (2003) shows that the

level of FDI in one country depend in part on the policies and characteristics

of its neighbors. Furthermore, the nature of these interdependencies across

countries varies with industry characteristics. While, Yeaple (2003) assumes

symmetric firms, Grossman et al. (2006) analyze complex integration strategies

with heterogenous producers (i.e. firms with different productivity levels).

Grossman et al. (2006) show that higher productivity levels are associated

with more complex integration strategies. Antràs et al. (2009) link the

above mentioned international trade literature on multinationals with the

macroeconomic literature on capital flows and provide an alternative rationale

for multinational production and FDI. While, Antràs et al. (2009) recognize

that the exploitation of technology is central to understanding MNC activity,

they emphasise that MNCs and FDI flows arise endogenously in response

to concerns over managerial misbehaviour by local entrepreneurs and weak

investor protection in host countries.

According to Dunning (1979) the previous mentioned theories only partly

explain international production by firms. Dunning brings the main theories

on FDI together into a single framework, the so called eclectic paradigm

which aims to explain the extent and pattern of international production.

According to this model a multinational firm needs to posses certain ownership
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advantages which domestic firms do not possess. These ownership advantages

are a result of two different types of market failure. In line with Hymer and

Kindleberger the first kind of market imperfection arises when certain firms are

able to develop proprietary technologies. In line with the internalization theory,

the second kind of market imperfection arises due to high transaction costs

in the cross-border market for intermediate products. The second condition

which is needed for FDI to take place according to the eclectic paradigm, is that

a firm must possess internalization advantages.This means that internalization

must be more profitable than licensing proprietary technologies to host

country firms or engaging in cross-border transactions in the market for

intermediate products. Finally, for international production to take place

locational advantages must exist. Firms will establish a subsidiary in countries

with locational advantages such as low labor cost, an abundance of natural

resources, high consumer demand, or high tariff barriers that prevent exporting

to these countries (see Dunning, 1979; Caves, 1982; Dunning and Lundan,

2008).

Dunning also classifies FDI motives into four categories i.e. resource

seeking, market seeking, efficiency seeking and strategic asset seeking FDI.

Natural resource-seeking FDI occurs when a firm enters a foreign country

in order to gain access to and exploit natural resources. Market-seeking FDI

occurs when a firm enters a foreign market in order to sell goods and services

in the host country market. Effeciency-seeking FDI occurs when firms engage

in cross-border product or process specialization in order to benefit from

economies of scale and scope and risk diversification. Finally, strategic asset-

seeking FDI occurs when firms merge with or acquire a more advanced foreign

firm in order to gain access to the foreign firm’s strategic assets such as brands

or technologies. The last motive was introduced later by Dunning (2000) in

order to account for the overseas investment by emerging market firms which

could not be explained by the other three motives.

Technology transfer cost and joint versus full ownership

As first noted by Arrow (1969) a fundamental factor influencing the world-wide

diffusion of technology is the cost of communication, or information transfer
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(see Teece, 1977). The cost of technology transfer plays a major role in the

theoretical model of Chapter 2 and Chapter 3. Teece (1977) is the first empirical

study to look at the determinants of the cost of technology transfer. Teece (1977)

emphasises the resources which must be utilised to transfer technological

know-how and defines technology transfer cost as the costs of transmitting

and absorbing all of the relevant unembodied knowledge. According to Teece

(1977), unembodied knowledge is the knowledge which is not embodied in

capital goods, blueprints, and technical specifications. Teece (1977) does not

consider royalty costs or rents. Furthermore, Teece (1977) notes that transfers

to centrally planned economies involve substantial extra costs due to factors

such as high documentation requirements, or differences in language and

managerial procedures and he shows that the cost of technology transfer

decreases with factors such as the experience of the transferor and factors that

reduce the technological difference between the transferor and the transferee

such as R&D investments by the latter. Hence, as suggested by Mattoo et al.

(2004) national differences in stocks of R&D expenditures can proxy technology

differentials between countries at the aggregate level (see e.g. Cohen and

Levinthal, 1990; Coe and Helpman, 1995) and technology transfer cost will be

lower in countries closer to the technological frontier. In Ramachandran (1993)

technology transfer cost or the resources that a transferor spends on bringing

the technology on-line, depends on the ability to appropriate profits from the

licensee’s use of the technology (see Ramachandran 1993). Ramachandran

(1993) shows that in India foreign firms were willing to spend more resources

on bringing technology on-line when these firms transferred technology to a

subsidiary compared to when they transferred technology to firms in which

the licensee has partial or no equity.

There is also an extensive literature on the choice of multinational firms

between full or shared ownership of subsidiaries. Empirical work shows that

a multinational firm’s choice between full and shared ownership depends on

the trade-off between the benefits of combining complementary assets and

the costs of joint ownership such as costs due to free riding by partners or

due to managerial conflicts (see Stopford an Wells, 1972; Gomes-Casseres,

1989; Asiedu and Esfahani, 2001; Desai et al., 2004). The prevalence of joint

ownership has changed significantly over time. As more and more countries
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have liberalized their FDI regimes, shared ownership of subsidiaries is being

observed less and less often. Desai et al. (2004) show a vast decrease in

the prevalence of joint ownership between 1982-1997. According to Desai

et al. (2004) one of the main factors driving the increase in the use of whole

ownership is the surge in integration across borders. Desai et al. (2004) show

that whole ownership is most common when firms coordinate integrated

production activities across different locations, transfer technology, and benefit

from worldwide tax planning. Moreover, Javorcick and Poelhekke (2017)

show for Indonesia that between 1990-2009 whole ownership has been the

most prevalent form of foreign ownership, followed by a 50 percent foreign

ownership share.



CHAPTER 2
Relationship between FDI,

Foreign Ownership
Restrictions, and Technology

Transfer in the Resources
Sector6

2.1 Introduction

Due to a lack of financial and technological resources many (developing)

countries depend on Foreign Direct Investment (FDI) to extract and export

their natural resources. An often imposed restriction on FDI in the natural

resources sector is mandatory joint ownership with local firms. Joint Ventures

(JVs) between foreign multinationals and local (state-owned) firms are widely

used by governments in order to capture economic rents from their natural

resources. Abu Dhabi’s state-owned firm ADNOC, for example, has a 60 percent

share in the Emirate’s oil and gas operations, while, 40 percent is owned by

international oil companies. Recently, Iran also decided to move more towards

a JV structure in order to attract foreign investment into the energy sector.

6This chapter is based on Ghebrihiwet and Motchenkova (2017).
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In Botswana and Namibia local state-owned firms have formed 50-50 JVs

with De Beers in the diamond extraction industry. In contrast, governments

may also restrict foreign ownership directly instead of imposing mandatory

joint ventures. The government may, for example, manage equity stakes in

foreign operated projects through a ministry or through a separate agency. A

similar measure was taken in Norway’s oil and gas sector in the 1980s when

the government took away significant ownership shares of the national oil

company Statoil and put them under direct control of the government through

the so called States Direct Financial Interest (SDFI) portfolio. In Nigeria the

Oil and Gas Reform Implementation Committee (OGIC) proposed a similar

framework for Nigeria’s oil & gas sector. The committee recommended that

the National Petroleum Asset Management Agency (NPAMA) should oversee

investments by the state, while The National Petroleum Corporation (NNPC)

would be active as a commercial company (see Thurber and Istad, 2010).7

We develop a simple model where a host country government either directly

restricts the equity share of foreign firms or it imposes mandatory joint ventures

with a domestic firm. Furthermore, the foreign firms transfer technology to

their subsidiaries in the host country. The goal of this model is to shed light on

the relationships between foreign ownership restrictions, technology transfer,

and market structure.

We find that in sectors with high cost of technology transfer and low levels

of product market competition (e.g. in the natural resources sector), the

government may improve host country welfare by taking away the local firm’s

equity shares in joint ventures. As a result of this policy measure the domestic

firm will become active in the market. This increases the level of product

market competition and improves host country welfare. Furthermore, we

find that crowding-out effects of FDI will be stronger in case of lower cost of

technology transfer. The rationale behind this result is that due to higher cost of

technology transfer, multinational corporations will transfer less technology to

their affiliates. This weakens the competitive position of multinational affiliates

and improves the competitive position of the local firm.

The theoretical literature on technology transfer and foreign ownership

restrictions is closely related to the current study. Lee and Shy (1992) show

7The policy recommendations of the OGIC have, however, not been implemented.



2.1. Introduction 15

that foreign ownership restrictions reduce the quality of technology transfer by

multinational firms. Asiedu and Esfahani (2001) show that in resource-based

industries foreign firms prefer shared ownership in order to gain access to raw

material sources. Mattoo et al. (2004) show that a host country government

may impose foreign ownership restrictions in order to influence the entry

mode choice of a foreign firm. Javorcik and Saggi (2010) show that a foreign

investor with higher quality technology is less likely to form a joint venture

and more likely to enter directly. In contrast, Karabay (2010) shows that by

imposing mandatory joint ventures a host country government may alleviate its

informational constraints. Furthermore, Karabay (2010) shows that ownership

restrictions should only decrease as the size of the multinational’s firm-specific

advantage increases.

The existing theoretical literature on technology transfer by multinational

firms, mainly considers the entry mode of a foreign firm in a market dominated

by domestic companies (see e.g. Ethier and Markusen, 1996; Markusen, 2001;

Mattoo et al., 2004; Saggi, 1996, 1999). However, numerous industries such

as automobile, electronics, extractive and chemical industries, are dominated

by foreign multinational companies and national firms play a less prominent

role. Similar point is made by Markusen and Venables (1998). Multinational

companies in these industries not only compete in the product market but

they also strategically interact in technology transfer. We take this strategic

interaction between multinational firms into account. Furthermore, the

aforementioned papers do not consider crowding out effects of FDI. The

crowding out effect of FDI has been analyzed separately from technology

transfer in a small number of theoretical studies. Driffield and Hughes (2003)

study the possibility of FDI crowding out local firms in the domestic capital

market. Barry et al. (2005) analyze crowding out effects in the labor market.

Similar to our analyzes Markusen and Venables (1999) consider crowding out

effects in the product market. However, Markusen and Venables (1999) do not

consider an endogenously determined level of technology transfer.

The next section outlines the model. Section 3 solves the model in case

of direct foreign ownership restrictions and analyses the crowding-out effects

of FDI. Section 4 solves the model in case of mandatory joint ventures and

analyses the optimal type of foreign ownership restrictions. The final section

concludes.
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2.2 Model

We analyze a local firm (l ) that competes with n −1 multinational affiliates

(m).8 The firms interact over two periods, where first technology investment is

chosen and afterwards firms compete in the product market. In the first stage

the multinational firms transfer technology, xm , to their affiliates in the host

country which reduces marginal cost of production from c to cm = c − xm .9

Javorcik and Poelhekke (2017) indeed show that the positive effect of foreign

ownership on firm performance is a result of continuous transfer of technology

from the headquarters and not due to a one-time knowledge transfer. Tech-

nology transfer is costly and the cost function of technology transfer has the

standard quadratic form C (xm) = τx2
m/2.10 This form implies diminishing

returns to technology transfer. Total and marginal cost of technology transfer

both increase with τ. Thus, the cost function for technology transfer shifts up

as τ increases and τ can be related to the level of the cost of technology transfer

(see Mattoo et al., 2004). The second stage quantity competition is between

n −1 multinational affiliates and one local company.

The linear inverse demand function for the product is given by p = a −
(

n−1∑
m=1

qm +ql ). Where, p is the market price, a > 0, Qm =
n−1∑
m=1

qm is total output

of all the foreign firms operating in the host country and ql is the output of the

local firm. Hence, Q =Qm +ql denotes total output.

The foreign firms do not have full ownership. The government can either

directly restrict foreign ownership or it may require foreign firms to establish

a joint venture with the local firm. The share of foreign ownership is θ with

0 < θ < 1. We proceed by deriving equilibrium levels of output and technology

transfer as well as welfare implications under these two regimes.

8Similar to Wang and Blomström (1992) we abstain from looking at the mode of entry
choice of foreign firms. We assume all foreign firms have entered the country directly.

9Note 0 ≤ c ≤ a.
10A description of the variables and parameters used in the model is provided in Appendix

2.6.
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2.3 Direct foreign ownership restrictions

Under the first regime the profit of a representative foreign firm, net of

technology transfer cost, and that of the local firm are given by (2.1) and (2.2),

respectively:

πR
m(qm , q−m , ql ) = θ (

a −qm −q−m −ql − cm
)

qm , m ∈ {1, ...,n −1} (2.1)

πR
l (ql , qm , q−m) =

(
a −ql −

n−1∑
m=1

qm − c

)
ql . (2.2)

where, R stands for foreign ownership restrictions regime and q−m is the

sum of outputs of all multinational affiliates other than firm m. Using the

standard two-stage approach adopted in the literature on the economics of

R&D11 we can derive equilibrium outputs of the foreign firms and the local

firm equilibrium output. They are given by:

qR
m=

a − c +2(n −1)xm−2
n−1∑

j=1, j 6=m
x j

n +1
, m ∈ {1, ...,n −1} and qR

l =
a − c−

n−1∑
m=1

xm

n +1
.

(2.3)

Output of a foreign firm increases with its own technology transfer and

decreases with technology transfer of competing firms. Output of the local

firm goes down when technology transfer by foreign multinationals increases

as it enhances the competitiveness of the subsidiaries.

The equilibrium level of technology transfer by a representative multina-

tional is given by

xR
m(θ) = 4θ(n −1)(a − c)

τ(n +1)2 −8θ(n −1)
(2.4)

Consequently, total transfer of technology is given by (n −1)xR
m(θ). In line with

previous research (see e.g. Mattoo et al., 2004) we impose certain restrictions

on parameter τ, i.e. τ> 2.12 As expected, technology transfer decreases with

the cost of technology transfer (τ) and increases with the share of foreign

ownership (θ).

11See e.g. Brander and Spencer (1983), d’Aspremont and Jacquemin (1988), Kamien, Muller,
and Zang (1992), Kamien and Zang (2000), and Leahy and Neary (1997).

12This restriction ensures non-negative solutions for equilibrium levels of technology
transfer under all relevant regimes.
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Welfare

Producer surplus is equal to the profit of the local firm. By substituting the

equilibrium level of technology transfer (i.e. xR
m(θ)) into the function for local

firm output in (2.3) we obtain the local firm’s equilibrium level of output:13

qR
l (θ) = (a − c)((n +1)τ−4θ(n −1))

(n +1)2τ−8θ(n −1)
. (2.5)

As shown in Appendix 2.1 the output of the local firm decreases with the level

of foreign ownership (θ) and with the number of foreign firms in the market

(n) and increases with the cost of technology transfer (τ). Given that the local

firm will be active in the market if qR
l (θ) > 0 we can state the following result:14

Proposition 1. FDI fully displaces the local firm if τ≤ τl (n), where

τl (n,θ) = 4θ(n −1)

n +1
. (2.6)

Furthermore, τl (n,θ) increases with n and with θ and approaches 4θ as n

approaches infinity.

Proposition 1 implies that, if τ > 4 the local firm is active in the market

irrespective of the number of foreign firms and the level of foreign ownership.

Hence, for sufficiently high τ, FDI does not completely displace the local firm.

To understand the intuition of this result recall from (2.4) that an increase in

τ lowers the incentives for transferring technology. Also, from (2.3) it follows

that lower technology transfer improves the competitive position of the local

firm. As a result complete displacement of the local firm becomes less likely,

when technology transfer becomes more costly i.e. when τ increases. Given

that cost of technology transfer are higher in less advanced countries (see

e.g. Ramachandran, 1993 or Teece, 1977) full local firm displacement due to

foreign firm product market competition will be less likely in these countries.

This may explain why crowding-out effects of FDI are more often observed in

more advanced countries (see e.g. Blonigen and Wang, 2004; Borensztein et al.,

1998; Agosin and Machado, 2005). This may also explain why most outward

greenfield investment by emerging market firms is done in other developing

13See Appendix 2.1 for the derivations under direct foreign ownership restrictions.
14For detailed proof see Appendix 2.2.



2.4. Joint ventures 19

countries instead of in more advanced countries where cost of technology

transfer are low.

It also follows from Proposition 1 that foreign ownership restrictions will

make displacement of the local firm less likely. Higher foreign ownership

restrictions will create an improvement in the competitive position of the

local firm. This in turn makes it less likely that the local firm will exit the

market due to foreign firm product market competition. Often suggested

reasons for foreign ownership restrictions are that host country governments

use them to increase economic rents and to maintain local control of resources.

In addition, Mattoo et al. (2004) show that a host country government may

impose foreign ownership restrictions in order to influence the entry mode

choice of a foreign firm.15 Hence, besides these often mentioned reasons, the

government may impose restrictions on foreign ownership in order to prevent

FDI from displacing the local firm.

However, these restrictions on foreign ownership also reduce technology

transfer by the foreign multinationals (as xR
m(θ) is increasing in θ). This in turn

will reduce total output which implies a lower level of consumer surplus. To

find the net effect of equity restrictions on welfare, we analyze host country

welfare as a function of foreign ownership (θ). In Appendix 2.3 it is shown that

host country welfare increases with θ. This proves the following result.16

Proposition 2. The negative effect of foreign ownership restrictions on consumer

surplus outweighs the positive effect on producer surplus which implies an

overall decrease in host country welfare due to equity restrictions.

2.4 Joint ventures

So far we have assumed that the government imposes foreign ownership

restrictions directly without imposing mandatory joint ventures with the local

15Mattoo et al. (2004) show that in case of high cost of technology transfer the government
imposes restrictions in order to induce acquisition instead of direct entry. In case of low cost
of technology transfer the government imposes restrictions in order to induce direct entry
instead of acquisition.

16For detailed proof see Appendix 2.3.



20 2. FDI in the Resources Sector

firm. In practice foreign firms often have to form joint ventures with domestic

companies. Now, we consider a host country government that imposes on

n −1 multinational affiliates that they form a joint venture with the local firm.

If the domestic firm is not active in the market, there will be n−1 joint ventures

operating in the market. The domestic firm may also choose to be active in the

market through its own operations in which case there will be n companies

active in the market: n−1 joint ventures and one domestic firm. In the following

sub-sections we consider these two possible market structures. Furthermore,

we analyze the optimal choice of the local firm by comparing its profit under

these two market structures.

Inactive Local Firm

In case the domestic firm is not active in the market but only has an equity share

in foreign operated projects, the profit function of a representative foreign firm

will be given by:

πJV
m (qm , q−m) = θ (

a −qm −q−m − cm
)

qm , m ∈ {1, ...,n −1} (2.7)

where, JV stands for joint venture regime. Maximizing: θπJV
m (xm)− τx2

m
2 , m ∈

{1, ...,n −1}, gives the equilibrium level of technology transfer.17

x JV
m (θ) = 2θ(n −1)(a − c)

n2τ−2θ(n −1)
. (2.8)

Technology transfer will be higher under the JV regime than under direct

foreign ownership restrictions if the following inequality holds: ∆X ≡ x JV
m −

xR
m > 0. By solving this inequality we can derive the following proposition:

Proposition 3. Technology transfer by foreign multinationals is higher under

mandatory joint ventures than under direct equity restrictions if τ < τt (n,θ),

where

τt (n,θ) = 4θ(n −1)

2n +1−n2
. (2.9)

Furthermore, if n = 2 then τt (n,θ) increases with θ and approaches 4 as θ

approaches 1 and if n > 2 then τt (n,θ) < 0.

17Derivations under the JV regime are provided in Appendix 2.4.
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Threshold τt (n,θ) is depicted in Fig. 1 by the T T locus (for n = 2), where

T T stands for technology transfer. For all values of θ and τ on the T T

line technology transfers is the same under both types of foreign ownership

restrictions. For all values under the locus technology transfer is higher under

direct foreign ownership restrictions, while for all values above the locus

technology transfer is higher under mandatory joint ventures.

In order to find which type of equity restriction the local firm prefers, we

compare the profit of the local firm under the two regimes. The local firm

prefers the joint venture regime over the regime with direct equity restrictions

if: ∆L ≡πJV
l −πR

l > 0. Dividing∆L by (a−c)2 and fixing n allows for convenient

graphical analysis in (θ,τ) space. The LF locus in Fig. 1 shows the contour of

the function ∆L/(a − c)2 = 0 where LF stands for local firm. Along this line

the local firm is indifferent between direct foreign ownership restrictions and

mandatory joint ventures. The government prefers the joint venture regime

over the regime with direct equity restrictions if it ensures higher host country

welfare, i.e. if ∆W ≡W JV −W R > 0. Similarly to above the W W locus in Fig. 1

is the contour of the function ∆W /(a −c)2 = 0 where W W stands for welfare.

Along this line host country welfare is the same under mandatory joint ventures

as under direct foreign ownership restrictions.

Active Local Firm

If the local firm is active in the market, the profit of a representative foreign

firm is the same as that under direct foreign ownership restrictions. The local

firm’s profit is different now and is given by:

(n −1)(1−θ)πJV A
m (ql , qm)+πJV A

l (ql , qm) which is equivalent to

(n −1)(1−θ)

(
a −ql −

n−1∑
m=1

qm − cm

)
qm +

(
a −ql −

n−1∑
m=1

qm − c

)
ql

where, JV A stands for the joint venture regime when the local is active in the

market. Derivations under the JV A regime are provided in Appendix 2.5.

The local firm will be active in the market if:

∆πl ≡ (n −1)(1−θ)πJV A
m (θ)+πJV A

l (θ)− (n −1)(1−θ)πJV
m (θ) > 0. (2.10)

where the first term is the joint venture profit of the local firm when it is active

in the market, the second term is the local firm’s profit from its own operations,
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and the third term is the local firm’s joint venture profit when it is not active in

the market. The expression for ∆πl is quite cumbersome and non-linear in τ,

θ, and n. However, dividing ∆πl by (a − c)2 and fixing n allows for convenient

graphical analysis in (θ,τ) space. The contour of the function ∆πl /(a −c)2 = 0

is illustrated in Fig. 1 by the JV A locus (for n = 2). Typically in the natural

resources sector there is a low level of product market competition, so, we

have set n = 2. For all values of n and τ on the JV A curve the local firm is

indifferent between being active and not being active in the market. In the (θ,

τ) parameter space under the JV A locus, the local firm prefers to be active and

above the locus the local firm prefers not to be active (regions I and II). Hence,

in case of higher levels of foreign ownership (i.e. a lower JV share for the local

firm) the local firm will more likely choose to establish its own operations. If

the local firm is active in the market, the joint venture profit will be lower due

to an increase in product market competition. Hence, a higher joint venture

share for the local firm will make it less attractive for the local firm to be active

in the market.

The parameter space above the JV A locus in Fig. 1 is divided into two

regions. In region I the local firm and the host country government prefer

the joint venture regime and technology transfer by the foreign firm is also

higher under the joint venture regime. In region II welfare is higher under

direct foreign ownership restrictions, while the profit of the local firm and

foreign firm technology transfer are both higher under the joint venture regime.

Hence, in region I the local firm and the host country government prefer the

same type of foreign ownership restriction (i.e. mandatory joint ventures).

However, in practice the level of foreign ownership will most likely be within

the parameter space denoted by region II. If in region II the government has

imposed mandatory joint ventures, it can improve welfare by instead restricting

foreign ownership directly. The local firm will oppose this policy measure as

it will lower its profits. However, the increase in consumer surplus due to this

policy measure will outweigh the reduction in producer surplus.
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Figure 1: Foreign ownership restrictions, technology transfer and policy
intervention

2.5 Concluding remarks

In this paper we have analyzed FDI crowding out effects, technology transfer

by foreign multinationals under different market structures, and optimal

FDI policies. One way the host country government may reduce crowding

out effects is by imposing foreign ownership restrictions. However, foreign

ownership restrictions will also reduce the amount of technology transfer by

the foreign multinational firms and the net effect of equity restrictions on host

country welfare will be negative. Often governments require foreign companies

to form joint ventures with local firms. We find that in sectors with high cost

of technology transfer and low levels of product market competition (e.g. the

natural resources sector), the government may improve host country welfare by

taking away the local firm’s equity shares in joint ventures. A similar measure
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was taken in 1984 by the Norwegian government. The government took away

significant ownership shares from Statoil and started to manage these equity

shares (i.e. the State’s Direct Financial Interest portfolio) through the Ministry

of Oil and Energy.18 In Nigeria the Oil and Gas Reform Implementation

Committee (OGIC) proposed a similar framework for Nigeria’s oil and gas

industry but these policy recommendations have not been implemented.19

One reason may be that the Nigerian state-owned oil company has effectively

prevented the implementation of this policy which would reduce its profits. In

line with our findings international experience shows that the most successful

national resources companies are those that have limited noncommercial

objectives and are subject to competition from other companies (see Heller et

al., 2014). Norway’s national oil company, Statoil, and Chile’s national mining

company, Codelco, are two such examples. These companies have long been

exposed to international competition, encouraged by governments expecting

the efficiency of their state-owned companies to benefit from such competition

(see McPherson, 2010).

We also provide a possible rationale for why FDI crowding out effects

are more often observed in more advanced countries than in less advanced

countries.20 In more advanced countries transferring technology will be less

costly.21 As a result in such countries foreign multinational firms will transfer

more technology to their subsidiaries which weakens the competitive position

of local firms. The higher cost of technology transfer in less developed countries

may also explain why these countries are often the preferred destination for

outward FDI by emerging market firms.22 In case of higher cost of technology

transfer an emerging market firm may more easily compete with firms from

advanced countries due to lower technology transfer by the latter.

One of the limitations of our analysis is that we use a static framework

which prevents us from analyzing long-run effects of FDI on local investment.

18Since 2001 Petoro a state holding company manages the government’s interest. Statoil is
responsible for selling Petoro’s share of oil and gas but the revenue goes to the state.

19See Thurber and Istad (2010).
20See e.g. Blonigen and Wang (2004) and Borensztein et al. (1998). Agosin and Machado

(2005) show FDI crowding out effects in Latin America but not in Africa (except in sub-period:
1990s) and also not in East Asia.

21See e.g. Teece (1977) and Ramachandran (1993).
22More than one-third of FDI in developing countries originates in other developing

economies (World Bank Global Development Horizons, 2011).
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Backer and Sleuwaegen (2003) analyzing Belgium manufacturing companies

show that FDI displaces local investment in the short-run, but in the long-

run this effect is moderated or even reversed. Hence, also in more advanced

countries crowding out effects may be prevented in the long-run. Considering

long-run effects of FDI on domestic investment is beyond the scope of our

model and should be addressed in further research.

Appendix 2.1: Equilibrium outputs and profits

By substituting (2.4) into functions for output in (2.3), we obtain the equilib-

rium output of, respectively, a foreign multinational and the local firm:

qR
m(θ) = (a − c)(n +1)τ

(n +1)2τ−8θ(n −1)
and qR

l (θ) = (a − c)((n +1)τ−4θ(n −1))

(n +1)2τ−8θ(n −1)
. (2.11)

The derivative of local firm output w.r.t. n and τ is, respectively, given by:

∂qR
l

∂n
= −τ(a − c)

(
τ−4θ+8nθ+2nτ−4n2θ+n2τ

)(
8θ+τ−8nθ+2nτ+n2τ

)2 and
∂qR

l

∂τ
= 4θ (a − c) (n −1)2 (n +1)(

8θ+τ−8nθ+2nτ+n2τ
)2 > 0

(2.12)

It follows that local firm output decreases with n if τ> 4θ(n−1)2

(n+1)2 . From the proof

of Proposition 1 it follows that ql > 0 if τ> 4θ(n−1)
n+1 . Given that 4(n−1)2

(n+1)2 < 4(n−1)
n+1

local firm output decreases with n for ql > 0.

This implies:

πR
l (θ) = (a − c)2((n +1)τ−4θ(n −1))2

((n +1)2τ−8θ(n −1))2
andΠR

m(θ) = θτ(a − c)2((n +1)2τ−8θ(n −1)2)

((n +1)2τ−8θ(n −1))2
.

Appendix 2.2: Proof of Proposition 1

The local firm will be active in the market if qR
l > 0. Restriction on τ> 2 ensures

that denominator of the expression is positive. Hence, we need to ensure only

(n +1)τ−4θ(n −1) > 0. This implies that FDI will not fully displace the local

firm if parameter τ is sufficiently high, i.e. τ> τl (n,θ) = 4θ(n−1)
n+1 . This proves

the first part of Proposition 1. Furthermore, limn→∞ 4θ(n−1)
n+1 = 4θ. Finally,

∂τl (n,θ)
∂n = 8θ

(n+1)2 > 0. This proves the second part of Proposition 1.
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Appendix 2.3: Proof of Proposition 2

Host country welfare is given by

W R (θ) = (a − c)2(((n +1)nτ−4θ(n −1))2 +2((n +1)τ−4θ(n −1))2)

2((n +1)2τ−8θ(n −1))2

The derivative of host country welfare w.r.t. foreign ownership is:

∂W R (θ)

∂θ
= −4τ (a − c)2 (n −1)2 (n +1)

(
4θ+2τ−4nθ+nτ−n2τ

)(
8θ+τ−8nθ+2nτ+n2τ

)3

Host country welfare decreases with foreign ownership if: 4θ+2τ−4nθ+nτ−
n2τ > 0 ⇔ τ(n+2−n2)

4θ(n−1) > 0 which is impossible given that n ≥ 2. Hence, total

welfare increases with θ.

Appendix 2.4: Derivations under Joint Venture

Optimizing the profit function in (2.7) with respect to output and rewriting

gives:

a −qm −Q − c +xm = 0, m ∈ {1, ...,n −1}. (2.13)

Next, assuming symmetric equilibrium, taking summations, and solving for

total output implies:

Q JV =
(n −1)(a − c)+

n−1∑
m=1

xm

n
. (2.14)

Plugging (2.14) in (2.13) gives:

q JV
m =

a − c + (n −1)xm −
n−1∑

j=1, j 6=m
x j

n
, m ∈ {1, ...,n −1}. (2.15)

In the first stage, when a representative multinational sets the level of tech-

nology transfer, it maximizes θπJV
m (xm)− τx2

m
2 . Optimizing with respect to xm
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and assuming symmetry in equilibrium gives the optimal level of technology

transfer by a representative foreign firm.23

x JV
m = 2θ(n −1)(a − c)

n2τ−2θ(n −1)
, m ∈ {1, ...,n −1}. (2.16)

Subsequently, total technology transfer is (n−1)x JV
m . By substituting (2.16) into

(2.15) we obtain the equilibrium output of any given foreign firm in the host

country:

q JV
m (θ) = (a − c)nτ

n2τ−2θ(n −1)
(2.17)

It follows that foreign firm profit net of technology transfer cost and local firm

profit are, respectively, given by:

πJV
m (θ) = [

(a − c)nτ

n2τ−2θ(n −1)
]2 and πJV

l (θ) = (1−θ)(n −1)(a − c)2n2τ2

(n2τ−2θ(n −1))2
. (2.18)

Welfare is now given by:

W JV (θ) = (a − c)2n2τ2(n −1)(n +1−2θ)

2(n2τ−2θ(n −1))2
(2.19)

Appendix 2.5: Derivations under Joint Venture and Active

Local firm

Under joint venture regime with active local firm the equilibrium outputs of

the foreign firms and the local firm equilibrium output are given by (2.20) and

(2.21), respectively:

q JV A
m (θ) =

a − c +2(n −1)xm −2
n−1∑

j=1, j 6=m
x j

2+θ(n −1)
, m ∈ {1, ...,n −1}. (2.20)

q JV A
l (θ) =

(a − c)(2−n +θ(n −1))− (2−θ)
n−1∑
m=1

xm

2+θ(n −1)
. (2.21)

From (2.1) and (2.20) it follows that for a representative multinational from an

advanced country, the profit net of cost of technology transfer can be expressed

23Recall that restriction τ> 2 ensures non-negative solutions for all n ≥ 2.
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as θ(q JV A
m (θ))2. Hence, foreign firm technology transfer under entry is given

by:

x JV A
m (θ) = 4θ(n −1)(a − c)

τ(2+θ(n −1))2 −8θ(n −1)
. (2.22)

Plugging value for technology transfer in (2.22) under entry into expressions for

output in (2.20) and (2.21) gives equilibrium output of, respectively, a foreign

firm and of the local firm:

q JV A
m (θ) = (a − c)(2+θ(n −1))τ

τ(2+θ(n −1))2 −8θ(n −1)
and (2.23)

q JV A
l (θ) = (a − c)((2−n +θ(n −1))(2+θ(n −1))τ−4θ(n −1))

τ(2+θ(n −1))2 −8θ(n −1)
(2.24)

This implies that:

πJV A
m (θ) = [

(a − c)(2+θ(n −1))τ

τ(2+θ(n −1))2 −8θ(n −1)
]2 and (2.25)

πJV A
l (θ) = [

(a − c)((2−n +θ(n −1))(2+θ(n −1))τ−4θ(n −1))

τ(2+θ(n −1))2 −8θ(n −1)
]2(2.26)

Appendix 2.6: Description of the variables and parameters

used in the model

τ Cost of technology transfer

n Number of domestic firms

c Marginal cost

p Price

C Cost of technology transfer

q f Foreign firm output

ql Domestic firm output

π f Foreign firm profit

πl Domestic firm profit

Q f Total output of foreign firms

Ql Total output of domestic firms

x f Technology transfer by foreign firm

θ Foreign ownership share



CHAPTER 3
Acquisition or Direct Entry,

Technology Transfer, and FDI
Policy Liberalization24

3.1 Introduction

Countries increasingly aim to attract Foreign Direct Investment (FDI) as

foreign multinational companies may bring in advanced technologies and

superior management practices and may enhance local employment. As a

result, different countries have liberalized their investment regimes which

has led to a surge in FDI, especially in the form of cross-border mergers

and acquisitions. FDI flows to India, for example, nearly doubled in 2015

(reaching US$59 billion) partly as a result of measures taken by the government

to improve the investment climate.25 Consequently, foreign multinational

firms play an important role in many industries and there is competition

between these firms in the host country market.26 Host country benefits from

FDI are likely to depend on the degree to which multinational corporations

24This chapter is based on Ghebrihiwet (2017).
25UNCTAD. Global Investment Trends Monitor 2016, No. 22.
26In China’s automobile industry multinationals firms had 65.4 percent market share in the

first half of 2014. In the Netherlands the market share of foreign companies in 2012 was 87.2
percent in the Pharmaceutical industry and 73.5 percent in the Chemical industry.
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(MNCs) are involved and the role domestic firms play. This paper examines

the mode of entry choice of a number of foreign multinational firms that

strategically interact in both technology transfer and in the product market

stage. The foreign multinational companies either enter into the host country

directly through greenfield investment or they enter by acquiring local firms.

Furthermore, we consider a welfare maximizing host country government and

analyze its optimal FDI policies.

We find that, when strategic interaction among multinational firms is taken

into account, acquisition as a mode of entry will be preferred over direct entry

in case of both low and intermediate levels of cost of technology transfer.

This provides a possible rationale for the increase in cross-border mergers

and acquisitions taking place in practice not just in advanced countries with

low cost of technology transfer but also in emerging market economies with

intermediate cost of technology transfer.27 Taking strategic interaction among

foreign firms into account also implies that technology transfer will more

likely be higher under acquisition than under direct entry. Finally, the results

show that the optimal strategy for liberalizing entry regimes is to first allow

an increase in foreign firm product market competition in case of interme-

diate cost of technology transfer and to subsequently also eliminate foreign

ownership restrictions when the cost of technology transfer is sufficiently low.

These findings provide a possible rationale for the often observed pattern of

investment liberalization.

There are a number of studies that look at modes of entry into foreign

markets and at investment liberalization policies by host country governments.

Fatica (2010) shows that the mode of entry choice will change significantly

when foreign firms already have partial ownership of local firms before the

market is fully liberalized. Fatica (2010), however, does not look at host country

welfare nor analyses foreign firm technology transfer. Norbäck and Persson

(2007) study the discriminatory investment liberalization policy of allowing for

direct entry but not for acquisition of local firms. Norbäck and Persson (2007)

show that acquisition might be welfare improving compared to direct entry

27Turkey’s FDI inflows in 2015, for example, strongly increased, mainly driven by a surge in
cross-border mergers and acquisitions (UNCTAD, 2016b).
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due to an acquisition bidding process (by multiple MNEs). In their analysis

the entry mode is determined by the discriminatory investment policy of the

government which prevents analyzing the foreign firm’s optimal mode of entry

choice. Bertrand et al. (2012) also show that acquisition might be welfare

improving compared to direct entry. However, in Bertrand et al. (2012) the

result follows from higher R&D investments under acquisition compared to

R&D investments under direct entry.

In Qiu and Wang (2011) a foreign firm chooses between greenfield invest-

ment and cross-border merger. The entry mode is chosen after the government

has set the maximum level of foreign ownership in case of cross-border

merger. Qiu and Wang (2011) consider multiple foreign firms and find that

acquisition becomes more likely as a mode of entry due to lower profits under

greenfield investment when two foreign firms are active in the market instead

of one. Müller (2007) compares direct entry and acquisition in case of an

endogenous acquisition price and finds that the optimal mode of entry is

non-monotonically related to the competition intensity in the host country.

Eicher and Kang (2005) extend Müller (2007) with the possibility of serving

the market through trade. Markusen et al. (2011) consider the mode of entry

choice in case of an endogenous (free entry/exit) market structure and show

that acquisition becomes less likely compared to direct entry or export if local

firms can freely exit or enter the market. These studies, however, abstract from

analyzing endogenously determined levels of technology transfer which is one

of the main motives of the current paper.

Studies that do consider technology transfer are e.g. Roy et al. (1999),

Mattoo, et al. (2004) and Klimenko and Saggi (2007). Klimenko and Saggi (2007)

stress the importance of two often observed restrictions on FDI i.e. restrictions

on the number of foreign firms allowed to enter and restrictions on foreign

ownership. Klimenko and Saggi (2007), however, only analyze restrictions on

foreign ownership and not those on the number of foreign firms. In contrast

to Klimenko and Saggi (2007), the current paper looks at both FDI policy

measures.

This theoretical literature only considers the entry mode of a single foreign

firm into a market dominated by domestic companies (see e.g. Saggi, 1996,

1999; Markusen, 2001; Mattoo et al., 2004). As noted by Markusen and Venables
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(1998) in many industries such as in the electronic, automobile, and the

chemical industry multinational firms are the main players. Hence, there

is strategic interaction not only between foreign and domestic firms but also

strategic interaction among multinational firms. This strategic interaction

among multinational firms not only takes place in the product market but also

in technology transfer and this has an affect on the optimal mode of entry into

the host country. We extend the existing literature by examining the mode of

entry choice of multiple foreign firms that compete in the product market and

strategically interact in technology transfer. Such an extension is of interest

given the increase in cross-border investments which is observed in practice.

The structure of the rest of the paper is as follows. The next section outlines

the model and solves for the optimal mode of entry and the equilibrium level

of technology transfer. Section 3 compares host country welfare under the

two modes of entry and examines investment liberalization policies. Section 4

considers asymmetric entry and the final section concludes.

3.2 Model

In the first stage n symmetric foreign multinational firms enter a host country

in which m local firms are operating. The multinational companies either enter

into the host country directly or they enter by acquiring local firms.28 Similar

as in Mattoo et al. (2004) the price a foreign firm has to pay to acquire a local

company is equal to the profit which the local firm would make when some

other domestic firm is acquired. In the second stage the foreign multinationals

transfer technology, x f , to their affiliates in the host country. Technology

transfer reduces the subsidiary’s marginal cost of production c (0 ≤ c ≤ a) to

c f = c −x f .29 Furthermore, technology transfer is costly and the cost function

of technology transfer has the following quadratic form:

C (x f ) =
τx2

f

2
. (3.1)

28Similar to e.g. Brander and Spencer (1983), d’Aspremont and Jacquemin (1988), Kamien,
Muller, and Zang (1992), Leahy and Neary (1997), and Kamien and Zang (2000) we assume an
exogenous number of firms. Hence, free entry and free exit is not considered.

29A description of the variables and parameters used in the model is provided in Appendix
3.10.
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This implies diminishing returns to technology transfer. In the final stage there

is product market competition in Cournot fashion. In case of direct entry,

there will be n foreign firms and m local firms active in the market. In case of

acquisition, there will be n foreign firms and m −n (2 ≤ n ≤ m) domestic firms

active in the market. The model is solved through backward induction and the

solution of the three stage game is provided in the following subsections.

Product market

In the third and final stage there is quantity competition between n multina-

tional affiliates and m local firms in case of direct entry and m−n local firms in

case of acquisition. The linear inverse demand function for the product is given

by p = a−(
n∑

f =1
q f +

mi∑
l=1

ql ), where p is the market price, a > 0, Q f =
n∑

f =1
q f is total

output of all foreign firms ( f ) operating in the host country, Ql =
mi∑
l=1

ql is total

output of all local firms (l ), mD = m is the number of local firms in case of direct

entry (D), and m A = m −n is the number of local firms in case of acquisition

(A). Hence, total output is Q =
n∑

f =1
q f +

mi∑
l=1

ql , i ∈ {A,D}. This implies that the

profit function of each multinational affiliate (net of technology transfer cost)

is given by:

π f (q f , q− f , ql ) =
(

a −q f −q− f −
mi∑
l=1

ql − c f

)
q f , f ∈ {1, ...,n}. (3.2)

Where, the sum of outputs of all multinational affiliates other than firm f is

given by q− f . The profit function of each local firm is:

πl (ql , q f , q−l ) =
(

a −ql −q−l −
n∑

f =1
q f − c

)
ql , l ∈ {1, ...,mi }. (3.3)

Where, q−l is the sum of outputs of all local firms other than firm l . By

differentiating the profit function of the foreign firm in (3.2) with respect to q f

and the profit function of the local firm in (3.3) with respect to ql and assuming
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symmetry in equilibrium we obtain the output level of each foreign firm and

the output level of each local firm.30

q f =
a − c + (n +mi )x f −

n∑
j=1, j 6= f

x j

n +mi +1
, f ∈ {1, ...,n}, (3.4)

where, j stands for a foreign firm other than firm f . Local firm output is given

by:

ql =
a − c −

n∑
f =1

x f

n +mi +1
, l ∈ {1, ...,mi }. (3.5)

Hence technology transfer by a multinational firm will increase the level of

output of its subsidiary and reduce output of competing firms.

Technology transfer

Optimizing π f (x f )− τx2
f

2 , f ∈ {1, ...,n} and imposing symmetry on the first order

condition of x f , gives the equilibrium level of technology transfer by each

multinational firm under the two possible modes of entry:

x A
f = 2m(a − c)

τ(m +1)2 −2m(m −n +1)
and xD

f = 2(n +m)(a − c)

τ(n +m +1)2 −2(n +m)(m +1)
.

(3.6)

Consequently, the total amount of technology transfer is obtained by multi-

plying the level of technology transfer (x f ) with the number of foreign firms

in the market (n). In line with e.g. Mattoo et al. (2004), we impose τ > 2 to

ensure non-negative solutions for equilibrium levels of technology transfer

under the two modes of entry. Each foreign firm transfers less technology to its

subsidiary as the cost of technology transfer (τ) and the number of foreign firms

(n) increases. Total technology transfer, however, increases with n for relevant

parameter values.31 By analyzing the effect of local firm competition (m) on

technology transfer by foreign firms we can state the following proposition:

30Detailed derivations are provided in Appendix 3.1.
31See Appendix 3.2 for the comparative statics of the functions for technology transfer.

Furthermore, the equilibrium output and profit levels are provided in Appendix 3.3.
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Proposition 4. An increase in competition from local firms (m) will enhance

foreign firm technology transfer if τ< τi
c (m,n), where

τi
c (m,n) = 2mi (2n +mi )+2n2

mi (mi +2n)+n2 −1
, i = A,D. (3.7)

Furthermore, τi
c (m,n) decreases with n and with m and approaches 2 as n or m

approaches infinity.

Proof. For detailed proof see Appendix 3.4.

Hence, technology transfer increases with local competition if τ is suf-

ficiently small and when a relatively small number of firms is active in the

market.

The level of technology transfer by each foreign firm is mainly driven by

the two effects of technology transfer i.e. the strategic effect and the scale

effect (see Brander and Spencer, 1983 and Mattoo et al., 2014). The scale effect

of technology transfer implies that the incentives for technology transfer will

decrease if a firm loses market share (i.e. due to an increase in product market

competition). However, as competition increases, a foreign multinational may

have a higher strategic incentive for technology transfer given that technology

transfer may weaken the competitive position of its competitors. This so called

strategic effect of technology transfer is given by:

Si (n,m,τ) = (n −1)
∂πi

f

∂q i
j

∂q i
j

∂xi
f

+mi
∂πi

f

∂q i
l

∂q i
l

∂xi
f

= mi +n −1

n +mi +1
q i

f (n), i = A,D. (3.8)

In Appendix 3.5 it is shown that the strategic effect of technology transfer

decreases with τ and with n and increases with m if m < mi
c and decreases

with m if m > mi
c .32 It follows from (3.8) that the strategic effect of technology

transfer is proportional to the foreign firm’s output level. Given that foreign

companies have lower marginal cost, an increase in n will weaken the compet-

itive position of a foreign firm more strongly than an increase in m. As a result

the overall effect of an increase in n on the strategic effect is negative, while

the overall effect of an increase in m on the strategic effect may be positive (i.e.

32In Appendix 3.5 we show that mi
c = −2+2n+τ−nτ+p2

p
4−2n−6τ+nτ+2τ2

τ−2 , i = A,D.
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if m < mi
c ). Threshold mi

c decreases with τ (see Appendix 3.5), so, only for low

cost of technology transfer may technology transfer increase with m.

In Mattoo et al. (2004), where only one foreign firm competes with a

number of local companies, an increase in the number of local firms always

leads to lower technology transfer by the foreign multinational company.

Our result differs from the outcome in Mattoo et al. (2004) because we

have assumed multiple foreign firms. An increase in the number of foreign

firms reduces the scale effect by more than it reduces the strategic effect (see

Appendix 3.5). Hence in our model with multiple foreign firms the scale effect

becomes less important in determining the level of technology transfer relative

to the strategic effect. We know that an increase in m will lower technology

transfer through the scale effect but may have a positive effect on technology

transfer through the strategic effect (i.e. if m < mi
c ). As a result in case of

multiple foreign firms local competition may more likely lead to an increase in

technology transfer.

Now, we will analyze under which parameter values one mode of entry

dominates the other in terms of the extent of technology transfer. Technology

transfer will be higher under acquisition than under direct entry if the following

inequality holds: ∆X ≡ x A
f − xD

f > 0. By solving this inequality we can derive

the following proposition:

Proposition 5. Technology transfer by foreign multinationals is higher under

acquisition than under direct entry if

τ> τt (n,m) = 2m2 +2mn

−1+m2 +mn
. (3.9)

Furthermore, τt (n,m) decreases with n and m and approaches 2 as n or m

approaches infinity.

Proof. For detailed proof see Appendix 3.6.

Given that τ cannot be less than 2, entry through acquisition will always

lead to higher technology transfer in sufficiently competitive markets. The

competition enhancing effect of foreign investment is higher under direct

entry than under acquisition. Consequently, the scale effect will always be
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smaller under direct entry than under acquisition. If a larger number of foreign

firms enter into the host country, then the number of local firms that will

be acquired under acquisition will increase which favors the competition

enhancing effects under direct entry relative to the competition enhancing

effects under acquisition. This will lower the scale effect under direct entry

relative to the scale effect under acquisition. As a result, in case of multiple

foreign firms, the parameter space in which foreign firms transfer more

technology under acquisition than under direct entry, will expand. Hence,

this explains why technology transfer will be higher under acquisition for a

larger range of parameter values compared to the results in Mattoo et al. (2004)

with only one foreign firm active in the market.

Mode of entry

In the first stage, the multinational companies decide their mode of entry

into the host country. When, the multinationals enter into the host country

through acquisition, the price they pay for acquiring a local firm is equal to

the profit the local firm would make if it would not have been acquired i.e.

πA
l (x A

f ). Hence, the foreign multinational companies prefer to enter into the

host country through acquisition if the following inequality holds:

∆Π f ≡πA
f (x A

f )−C (x A
f )−πA

l (x A
f )− [πD

f (xD
f )−C (xD

f )] > 0 (3.10)

The expression for ∆Π f is quite cumbersome and non-linear in τ, m,

and n. However, dividing ∆Π f by (a − c)2 and fixing n allows for convenient

graphical analysis in (m,τ) space. The contour of the function ∆Π f /(a−c)2 = 0

is illustrated in Fig. 2 by the F F locus, where F F stands for foreign firms. This

locus is shown for the benchmark case with one foreign firm (i.e. n = 1) which

is depicted by the shaded line and also for the situation in which multiple

foreign firms are active (i.e. n = 3) which is depicted by the solid line. For all

values of m and τ on the F F curve the foreign firms are indifferent between

the two modes of entry. In the (m, τ) parameter space under the F F locus, the

foreign firms prefer to enter through acquisition (regions I and II) and above

the locus the foreign firms prefer to enter directly (region III). An increase in the
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number of local firms in the market or higher cost of technology transfer imply

that direct entry will more likely become the preferred mode of entry into the

host country. It follows that the F F curve shifts upwards with the number of

foreign multinationals (n) in the market. Due to an increase in competition

from foreign firms, the price of acquisition (local firm profit) decreases and

acquisition becomes more attractive. So, relative to the framework in Mattoo et

al. (2004), acquisition becomes the preferred mode of entry for a larger range

of parameter values. Indeed in practice, multinational firms not only prefer

to enter advanced countries through acquisition but often acquisition is also

the preferred mode of entry into emerging market economies, with relatively

higher levels of τ.

Figure 2: Mode of Entry and FDI Policy

Figure 2 also shows that, while in case of n = 1 an increase in the number of

local firms will likely result in direct entry becoming the preferred entry mode,

this will not happen when multiple foreign firms (i.e. n > 1) enter into the host

country. In case of multiple foreign firms, direct entry will only be preferred

over acquisition when the cost of technology transfer and the number of local

firms are both sufficiently high.
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3.3 Host country welfare

The objective of the host country government is to maximize domestic welfare.

Host country welfare is the sum of consumer surplus and local firm profits.

The competition enhancing effects are higher under direct entry than under

acquisition, so, consumer surplus will always be higher under direct entry and

producer surplus will always be higher under acquisition. Hence, one mode

of entry does not unambiguously dominate the other in terms of domestic

welfare. Welfare is higher under acquisition than under direct entry if the

following inequality holds:

∆W ≡W A −W D =
((m −n)q A

l +nq A
f )2 − (mqD

l +nqD
f )2

2
+m(πA

l −πD
l ) > 0

The contour of the function ∆W /(a − c)2 = 0 is illustrated in Fig. 2 by the

W W locus. The W W locus is also shown for both the benchmark case with one

foreign firm depicted by the shaded line and for the situation in which multiple

foreign firms are active which is depicted by the solid line. For all values of

m and τ on the W W curve, domestic welfare is the same under the two entry

modes. In the (m, τ) parameter space under the W W locus, domestic welfare is

higher under direct entry (region I) and above the locus welfare is higher under

acquisition (regions II and III). The W W curve shifts upwards with an increase

in the number of foreign firms in the market. This implies that the parameter

space in which domestic welfare is higher under direct entry significantly

expands, when multinational firm competition is taken into account. As the

number of foreign firms increases, more local firms will be acquired under

acquisition and this increases the gap between the competition enhancing

effects under the two entry modes in favor of direct entry. So, the parameter

space in which foreign firms choose acquisition as their mode of entry and the

host country government prefers direct entry (region I) will increase. This

finding may support why in some cases host country governments use a

discriminatory policy of imposing restrictions on the acquisition of local firms

but not on direct entry. As noted by Mattoo et al. (2004) in Japan and South

Korea, foreign ownership of incumbent telecommunications companies was

limited but there were either no or much weaker restrictions on foreign equity

in new firms. Furthermore, Norbäck and Persson (2007) note that even after
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the abolishment of restrictions on M&As by foreigners in Korea, investment

policy still favors greenfield investment through different tax treatments of

M&A investments. The reason provided for why governments may prefer direct

entry is because acquisition does not not increase the number of firms and

the productive capacity in the market (see e.g. Mattoo et al., 2004; Norbäck

and Persson, 2007). However, when foreign firms are not allowed to acquire a

local firm in one country they may instead choose to enter a different country

without such restrictions on acquisitions of local firms. This would reduce the

number of foreign firms entering into the host country and it will be shown in

the next subsection that a lower number of foreign multinationals may reduce

host country welfare.

Restrictions on the number of foreign firms

An often imposed policy measure by host country governments is a restriction

on the number of foreign multinationals which is allowed to enter. An increase

in the number of foreign multinationals that enter into the host country will

enhance host country welfare if ∂W i

∂n > 0, where W i denotes domestic welfare

under entry mode i = A,D . In Appendix 3.7 we prove the following proposition:

Proposition 6. (i) Under acquisition, host country welfare increases with the

number of foreign firms if τ< τna(n,m), where

τna(n,m) = 2(m +n)

1+m
. (3.11)

(ii) Under direct entry, host country welfare increases with the number of

foreign firms if τ< τnd (n,m), where

τnd (n,m) = 2(m2 +mn)

m +m2 −n −n2
. (3.12)

Furthermore, τna(n,m) and τnd (n,m) increase with n and decrease with m.

From Propositions 3 it follows that restricting the number of foreign firms

allowed to enter only improves welfare when the cost of technology transfer

(τ) is sufficiently high and a large number of host country firms relative to the

number of foreign firms is active in the market. This may provide a possible
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rationale for why developing countries (i.e. countries with relatively high τ)

often restrict the number of foreign firms which are allowed to enter. However,

numerous countries have not always been successful in applying such policies.

This may be a result of an insufficient number of local firms which operates

in the market in the first place. In such cases a restriction on the number

of firms allowed to enter into the host country will not increase producer

surplus by enough to compensate for the decrease in consumer surplus. In

advanced countries the cost of technology transfer is relatively low and foreign

multinationals can effectively increase output and consequently consumer

surplus by transferring technology. As a result in countries with low levels of τ,

welfare will decrease as a result of any restriction on the number of foreign firms.

Besides restricting the number of foreign firms, host country governments

often apply foreign ownership restrictions which will be addressed in the next

subsection.

Equity restrictions

Another obvious restriction on foreign direct investment is the restriction on

foreign ownership. Now, we consider a host country government that imposes

on n multinational affiliates that they can only have a maximum share of

ownership of θ with 0 < θ < 1. This implies that the profit function of the

multinationals will depend on the share of foreign ownership. When foreign

ownership is restricted, technology transfer by a representative multinational

is denoted by xi
f (θ) ≡ argmax{θπi

f (x f )− τx2
f

2 }, i = A,D. Technology transfer

under the two entry modes decreases with foreign ownership (θ) (see Appendix

3.8). Furthermore, solving for the inequality ∆X (θ) ≡ x A
f (θ)−xD

f (θ) > 0 implies

that the threshold in Proposition 2 (i.e. τt (n,m)) is multiplied by θ. Hence, the

T T locus in Fig. 2 shifts downwards as a result of foreign ownership restrictions.

So, as foreign ownership restrictions increase, technology transfer will more

likely be higher under acquisition than under direct entry.

The host country government would like to restrict the degree of foreign

ownership if such a restriction would increase domestic welfare. We prove the

following proposition in Appendix 3.9:
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Proposition 7. (i) Under acquisition host country welfare increases with foreign

ownership if τ< τr a(n,m,θ), where

τr a(n,m,θ) = 2θ(m +n)

1+m
. (3.13)

(ii) Under direct entry host country welfare increases with foreign ownership

if τ< τr d (n,m,θ), where

τr d (n,m,θ) = 2mθ(m +n)

m +m2 −n −n2
. (3.14)

Furthermore, τr a(n,m,θ) and τr d (n,m,θ) increase with n and θ and decrease

with m.

It follows from Proposition 3 and Proposition 4 that for θ < 1, the thresholds

for foreign ownership restrictions (τr a(n,m,θ) and τr d (n,m,θ)) lie below the

thresholds for restrictions on the number of firms allowed to enter (τna(n,m)

and τnd (n,m)).

This is a result of the effect of changes in θ and n on host country welfare

through the effect that θ and n have on technology transfer. As mentioned

above an increase in the number of foreign firms (n) lowers both the strategic

effect and the scale effect of technology transfer which implies that technology

transfer by an individual foreign firm decreases with n . Total technology

transfer, however, increases with n. Allowing for a higher level of foreign

ownership (θ) on the other hand increases both the strategic effect and the

scale effect of technology transfer (i.e. q i
f (θ) increases with θ). So, a higher level

of foreign ownership increases technology transfer by each individual firm and

also total technology transfer. As a result a change in θ will more strongly affect

host country welfare through its effect on technology transfer, compared to a

change in n.

In Appendix 3.8 it is shown that consumer surplus decreases with τ,

while producer surplus increases with τ. Hence, in case of high cost of

technology transfer, host country welfare is mainly determined by the level

of producer surplus. In this case a restriction on both n and θ will improve

welfare given that both measures will increase producer surplus. In case of

intermediate cost of technology transfer the importance of producer surplus

in determining the level host country welfare will somewhat decrease. By
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increasing n the host country government may enhance consumer surplus

without reducing producer surplus as strongly as it would in case of an increase

in θ. For sufficiently low levels of τ, the importance of consumer surplus will

outweigh the importance of producer surplus in determining the level of host

country welfare. Removing the restriction on both n and θ would now be

welfare improving, as both measures will enhance consumer surplus. Hence,

Proposition 3 and Proposition 4 imply that a policy of allowing more foreign

firms to compete with domestic firms should precede a policy of reducing

foreign ownership restrictions.

Vertical FDI

In the above we focus on horizontal or market seeking FDI. However, in the

last three decades there has been a dramatic increase in the fragmentation of

production (see e.g. Desai et al., 2004; Baldwin and Lopez-Gonzalez, 2013; Ra-

mondo et al., 2016). As a result a large share of FDI comprises the establishment

of upstream firms (i.e. vertical FDI) and trade in intermediate goods forms a

large share of total trade (see e.g. Alfaro and Charlton, 2009; Slaughter, 2000; Bas

and Carluccio, 2015). Desai et al. (2004) show that the surge in intra-firm trade

has led to an increase in whole ownership of subsidiaries instead of shared

ownership. According to Desai et al. (2004) firms prefer whole ownership when

coordinating integrated production activities across different locations. Factor

cost differences across countries have traditionally been seen as the main

reason for the increase in vertical FDI. According to this view, multinational

enterprises (MNEs) engage in vertical FDI in order to benefit from lower input

production costs which may be a result of, for example, an abundance of

unskilled labor in host countries (see Helpman, 1984; Helpman and Krugman,

1985). Recent studies, however, have shown that often there is no transfer of

inputs between parent firms and their vertically related subsidiaries. Atalay

et al. (2014) show that vertical ownership is not primarily concerned with

facilitating physical goods movements along a firm’s production chain. It

seems that upstream units ship surprisingly small shares of their output to

downstream units inside the same firm. Their results suggest that a primary

purpose of ownership may be to mediate efficient transfers of intangible inputs
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such as marketing know-how and R&D capital. Similarly, Ramondo et al.

(2016) show that, although intra-MNE trade represents an important fraction of

aggregate U.S. exports and imports, the median manufacturing foreign affiliate

ships nothing to — and receives nothing from — its parent in the United States.

Hence, intra-MNE trade is mainly driven by trade outside the boundaries of

the firm. This implies that product market dimensions and technology transfer

by parent firms also play a crucial role in vertical FDI. Hence, according to

these results the above analysis on technology transfer and product market

competition is also relevant for vertical FDI. However, upstream affiliates do

not sell to local consumers but to other (multinational) firms. Hence, the

above welfare analysis which assumes that foreign firms sell their products

to domestic consumers, will not hold for vertical FDI. In case of vertical FDI,

the host country government is only concerned with producer surplus and

welfare under the two regimes is given by the total profit of the local firms. As

the competition enhancing effects are higher under direct entry than under

acquisition, producer surplus will always be higher under the latter mode of

entry. As a result, host country welfare in case of vertical FDI will also be higher

under acquisition.

3.4 Asymmetric mode of entry

One less attractive feature of the model is that all MNEs take the same entry

mode decision. In practice the choice of entry mode may also be asymmetric.

In the following analysis we will consider two foreign firms entering sequen-

tially. One firm enters first and after two periods a second foreign firm enters

into the host country given the entry mode choice of the first firm. This is done

in order to consider asymmetric entry by foreign firms.

Product market

Based on the choice of the first firm the second firm chooses between acquisi-

tion and direct entry. If the first firm entered through acquisition, then in the

third and final stage there is quantity competition between 2 multinational
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affiliates and m −1 local firms in case of direct entry by the second firm and

m −2 local firms in case of entry through acquisition by the second firm. If

the first firm entered directly, then in the third and final stage there is quantity

competition between 2 multinational affiliates and m local firms in case of

direct entry by the second firm and m −1 local firms in case of entry through

acquisition by the second firm. The linear inverse demand function for the

product is given by p = a − (
2∑

f =1
q f +

mi∑
l=1

ql ), where mDD = m is the number

of local firms in case of direct entry by both firms (DD), mD A = m −1 is the

number of local firms when one firm enters directly and the other firm enters

through acquisition (D A), and m A A = m −2 is the number of local firms when

both firms enter through acquisition (A A).33

For each of the above mentioned cases we can define the profit function of

each foreign firm and each local firm:

π f (q f , q− f , ql ) =
(

a −q f −q− f −
mi∑
l=1

ql − c f

)
q f , f ∈ {1,2}. (3.15)

The profit function of each local firm is denoted by:

πl (ql , q f , q− f , q−l ) =
(

a −ql −q−l −
2∑

f =1
q f − c

)
ql , l ∈ {1, ...,mi }. (3.16)

By differentiating the profit function of the foreign firm in (3.15) with respect

to q f and the profit function of a representative local firm in (3.16) with respect

to ql and assuming symmetry in equilibrium we obtain the output level of each

foreign firm and the output level of each local firm.

q f =
a − c + (mi +2)x f −x− f

mi +3
and ql =

a − c −2x f

mi +3
, l ∈ {1, ...,mi }. (3.17)

Technology transfer

Optimizing π f (x f )− τx2
f

2 , f ∈ {1,2} and imposing symmetry on the first order

condition of x f , gives the equilibrium level of technology transfer by each

33When the first foreign firm enters through acquisition and the second firm enters directly
(AD), the number of local firms m AD = m −1 which is the same as under D A.
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multinational firm under the possible modes of entry:

x A
f = 2m(a − c)

τ(m +1)2 −2m(m −n +1)
and xD

f = 2(n +m)(a − c)

τ(n +m +1)2 −2(n +m)(m +1)
.

(3.18)

where xi
f denotes technology transfer by firm f under entry mode i =

A A,D A,DD . Consequently, the total amount of technology transfer is obtained

by multiplying the level of technology transfer (xi
f ) by two.34

Mode of entry

Based on the choice of the first firm, the second firm chooses between acquisi-

tion and direct entry. If the first firm entered through, respectively, acquisition

or greenfield investment, the second firm enters through acquisition if the

following inequality holds:

∆ΠA
2 ≡ πA A

2 (x A A
2 )−C (x A A

2 )−πA A
l (x A A

2 )− [πAD
2 (x AD

2 )−C (x AD
2 )] > 0 and

∆ΠD
2 ≡ πD A

2 (xD A
2 )−C (xD A

2 )−πD A
l (xD A

2 )− [πDD
2 (xDD

2 )−C (xDD
2 )] > 0

The expressions for ∆ΠA
2 and ∆ΠD

2 are quite cumbersome and non-linear

in τ, and m. However, dividing ∆ΠA
2 and ∆ΠD

2 by (a −c)2 allows for convenient

graphical analysis in (m,τ) space. The contour of the function∆ΠA
2 /(a−c)2 = 0

is illustrated in Fig. 3 by the F F A locus. Hence, the solid F F A locus is the

relevant locus for the second foreign firm when the first foreign firm entered

through acquisition. The dashed F F D line is the contour of the function

∆ΠD
2 /(a − c)2 = 0 and this is the relevant locus when the first foreign firm

entered directly. The mode of entry choice of the first foreign firm is depicted

by the F F line which follows from the one foreign firm case illustrated by the

dashed line (i.e. F F (n = 1) locus) in Fig. 2. For all values of m and τ on the

relevant curve a foreign firm is indifferent between the two modes of entry.

In the (m, τ) parameter space under the relevant locus a foreign firm prefers

to enter through acquisition (Region I) and above the locus a foreign firm

prefers to enter directly (Region II). Given that the first firm will enter through

acquisition in the region below the F F line, the relevant locus for the second

34Equilibrium profit levels are provided in Appendix 3.10.
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foreign firm is the solid F F A line and not the shaded one. Fig. 3 shows that the

parameter space in which the second firm chooses to enter through acquisition

shrinks relative to the parameter space in which the first firm chooses to enter

through acquisition.

After the first foreign firm enters, the reservation price of domestic firms

(their profit when staying independent) decreases due to higher competition

intensity. However, if the first firm entered through acquisition which is the

case in the relevant region (i.e. Region below F F line), then there will also

be one local firm less in the market which enhances the profit of the local

firms which are not acquired. Given that foreign firms benefit from technology

transfer the overall effect of entry through acquisition by the first foreign firm

will increase competition intensity and lower the acquisition price that the

second firm will need to pay. This would imply that the parameter space for

which acquisition is preferred becomes larger for the second firm than for

the first firm. However, another effect works in the opposite direction and

explains why the parameter space in which acquisition is preferred is smaller

for the second firm than for the first firm. By entering through acquisition

instead of directly, the second foreign firm will reduce the level of product

market competition for the local firms that are left in the market and also for

the foreign firm which entered before. This makes direct entry more attractive

relative to acquisition. In contrast, entry through acquisition by the first firm

only reduces product market competition for m −1 local firms and not for any

foreign firm, given that it is the first foreign firm to enter. This explains why

the parameter space in which acquisition is the preferred mode of entry is

smaller for the second foreign firm than for the first foreign firm to enter into

the market.

Hence, the results indicate that when due to, for example, FDI liberalization

a country opens up for foreign investment, the sudden and simultaneous entry

of a number of firms will likely be through acquisition. In subsequent periods,

however, direct entry may become more likely in case of intermediate and high

cost of technology transfer and a large number of domestic firms.
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Figure 3: Foreign ownership restrictions, technology transfer and policy
intervention

3.5 Concluding remarks

This study considers a number of symmetric foreign multinational firms that

enter into a host country either directly or by acquiring local firms. We

analyze how strategic interaction between multinational enterprises, both

in technology transfer and in the product market, affects the optimal mode of

entry into the host country. Moreover, we analyze the optimal pattern for FDI

policy liberalization under different market structures and different levels of

cost of technology transfer.

We find that acquisition as a mode of entry becomes more likely when

there are multiple MNEs entering into the host market. When the number of

foreign firms relative to the number of domestic firms increases, acquisition

will be the preferred mode of entry in case of both low and intermediate levels

of cost of technology transfer. This may provide a possible rationale for why

the surge in FDI during the past two decades has been accompanied by an

increase in the percentage of FDI taking place in the form of cross-border

acquisitions, not only in advanced countries with low cost of technology

transfer but also in emerging market economies with intermediate cost of

technology transfer (see e.g. UNCTAD, 2016). However, the results also show

that, when firms enter sequentially, firms entering in later periods will less likely
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enter through acquisition in case of intermediate and high cost of technology

transfer and large number of domestic firms. Hence, while a sudden entry of a

number of firms due to, for example, FDI liberalization will likely be through

acquisition, in subsequent periods, direct entry may become more likely in

case of intermediate and high cost of technology transfer.

We also find support for empirical findings which show that local firm

competition increases technology transfer by foreign firms in industries that

typically use less sophisticated technologies (e.g. manufacturing industries).35

Hence, in such industries, policies that foster market entry by domestic firms

may provide an alternative to formal technology transfer requirements.36

Furthermore, we find that as the cost of technology transfer goes down, a

welfare maximizing host country government should first eliminate restrictions

on foreign firm product market competition and subsequently remove foreign

equity restrictions in case of sufficiently low cost of technology transfer. In

line with these findings, higher cost of technology transfer are often associated

with more restrictive policies towards FDI. Furthermore, when host country

governments liberalize their investment regimes, they often first allow foreign

firms to enter into the domestic market while equity restrictions are still in

place and in later stages, foreign ownership restrictions are also reduced (see

Gregory, 1997). This pattern may be explained by the cost of technology transfer.

As the cost of technology transfer goes down (as a result of e.g. improvements

in human capital) a host country government may start to move from one stage

of liberalization into another.

One of the shortcomings of our model is that we are unable to consider

asymmetric foreign firms. This is beyond the scope of our model and should

be addressed in further research.37

35This is shown by Blomström et al. (1994) for Mexican manufacturing industries. Further-
more, Kokko and Blomström (1995) found that US multinational manufacturers transferred
more technology to their subsidiaries as local competition increased.

36Kokko and Blomström (1995) show that formal technology transfer requirements are
negatively related to technology transfer.

37The model could be extended along the lines of the literature on firm heterogeneity and
entry modes in foreign markets (see e.g. Nocke and Yeaple, 2007 and 2008; Bernard et al., 2003;
and Helpman et al., 2004).
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Appendix 3.1: Total output

Differentiating the profit function of the foreign firm in (3.2) with respect to q f

and the profit function of the local firm in (3.3) with respect to ql gives:

a −2q f −q− f −
mi∑
l=1

ql − c +x f = 0, f ∈ {1, ...,n} (3.19)

and

a −2ql −q−l −
n∑

f =1
q f − c = 0, l ∈ {1, ...,mi }. (3.20)

In symmetric equilibrium
n∑

f =1
q f = Q f and

mi∑
l=1

ql = Ql . So, rewriting the first

order conditions in (3.19) and (3.20) gives:

a −q f −Q f −
mi∑
l=1

ql − c +x f = 0, f ∈ {1, ...,n} and

a −ql −Ql −
n∑

f =1
q f − c = 0, l ∈ {1, ...,mi }.

Now, taking summations and solving for total output levels implies:

Q f =
n(a − c)−n

mi∑
l=1

ql +
n∑

f =1
x f

n +1
, f ∈ {1, ...,n} and Ql =

mi (a − c)−mi
n∑

f =1
q f

mi +1
, l ∈ {1, ...,mi }.

(3.21)

Total output as a function of technology transfer can be obtained by substitut-

ing Ql into the function for Q f and by then solving for the two output levels:

Q f =
n(a − c)+ (mi +1)

n∑
f =1

x f

n +mi +1
, f ∈ {1, ...,n} and Ql =

mi (a − c −
n∑

f =1
x f )

n +mi +1
, l ∈ {1, ...,mi }

(3.22)
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Appendix 3.2: Technology transfer

The derivative of technology transfer w.r.t. the number of firms in the market

(n) under acquisition and direct entry is, respectively, given by:

∂x A
f

∂n
= −4(a − c)m2(

(m +1)2τ−2m(m −n +1)
)2 < 0 and

∂xD
f

∂n
= −2τ(a − c)(m2 +2mn +n2 −1)(

(n +m +1)2τ−2(m +n)(m +1)
)2 < 0

The derivative of total technology transfer w.r.t. the number of firms in the

market (n) under acquisition and under direct entry is, respectively, given by:
∂X A

f

∂n = 2m(m+1)(a−c)(τ−2m+mτ)

(τ−2m+2mτ+m2τ+2mn−2m2)2 > 0

and
∂X D

f

∂n = 2(a−c)(mτ+2nτ−2mn2−4m2n+2m2τ+m3τ+2n2τ−4mn−2m2−2m3−2n2+4mnτ+mn2τ+2m2nτ)
((n+m+1)2τ−2(m+n)(m+1))2 .

Given than τ> 2, it can easily be seen that
∂X A

f

∂n > 0. Furthermore,
∂X D

f

∂n > 0 if the

following inequality holds: mτ+2nτ−2mn2 −4m2n +2m2τ+m3τ+2n2τ−
4mn −2m2 −2m3 −2n2 +4mnτ+mn2τ+2m2nτ> 0. We can conclude that

total technology transfer under direct entry increases with local competition

(
∂X D

f

∂n > 0) if:

τ> 2(m2 +m3 +2mn +2m2n +n2 +mn2)

m +2m2 +m3 +2n +4mn +2m2n +2n2 +mn2

Furthermore, limm→∞ 2(m2+m3+2mn+2m2n+n2+mn2)
m+2m2+m3+2n+4mn+2m2n+2n2+mn2 = 2 and

limn→∞ 2(m2+m3+2mn+2m2n+n2+mn2)
m+2m2+m3+2n+4mn+2m2n+2n2+mn2 = 2+2m

2+m . This implies that for τ>
2 we have

∂X D
f

∂n > 0.

Appendix 3.3: Equilibrium outputs and profits

By substituting the functions for technology transfer in (3.18) into the functions

for output in (3.4) and (3.5), the equilibrium output levels are obtained:

q A
f = (a − c)(m +1)τ

τ(m +1)2 −2m(m −n +1)
and q A

l = (a − c)(τ(m +1)−2m)

τ(m +1)2 −2m(m −n +1)

qD
f = (a − c)(n +m +1)τ

τ(n +m +1)2 −2(n +m)(m +1)
and qD

l = (a − c)(τ(n +m +1)−2(n +m))

τ(n +m +1)2 −2(n +m)(m +1)
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Equilibrium profits are given by:

ΠA
f = (a − c)2τ((m +1)2τ−2m2)

(τ(m +1)2 −2m(m −n +1))2
and πA

l = (a − c)2(τ(m +1)−2m)2

(τ(m +1)2 −2m(m −n +1))2

ΠD
f = (a − c)2τ(τ(n +m +1)2 −2(n +m)2)

(τ(n +m +1)2 −2(n +m)(m +1))2
and πD

l = (a − c)2(τ(n +m +1)−2(n +m))2

(τ(n +m +1)2 −2(n +m)(m +1))2

Appendix 3.4: Proof of Propositions 1

The effect of local competition on foreign firm technology transfer under the

two regimes is given by:

∂x A
f

∂m
= 2(a − c)(τ−m2τ+2m2)(

(m +1)2τ−2m(m −n +1)
)2 and

∂xD
f

∂m
= 2(a − c)(τ−m2τ−n2τ+4mn +2m2 +2n2 −2mnτ)(

(n +m +1)2τ−2(m +n)(m +1)
)2 .

Recall τ > 2, hence,
∂x A

f

∂m > 0 if τ− m2τ+ 2m2 > 0 and
∂xD

f

∂m > 0 if τ− m2τ−
n2τ+4mn +2m2 +2n2 −2mnτ> 0. We can conclude that technology transfer

increases with local competition under acquisition and under direct entry,

respectively, if

τ< 2m2

−1+m2
and τ< 4mn +2m2 +2n2

m2 +n2 +2mn −1
.

Furthermore, limm→∞ 2m2

−1+m2 = 2, limm→∞ 4mn+2m2+2n2

m2+n2+2mn−1
= 2 for given n and

limn→∞ 4mn+2m2+2n2

m2+n2+2mn−1
= 2 for given m.

Appendix 3.5: The strategic effect and the scale effect of

technology transfer

The strategic effect of technology transfer is given by

Si (n,m,τ) = (n−1)
∂πi

f

∂q i
f

∂q i
f

∂xi
f

+mi
∂πi

f

∂q i
l

∂q i
l

∂xi
f

= τ(a − c)(n +mi −1)

τ(mi +1+n)2 −2(mi +n)(mi +1)
, i = A,D.
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This implies that

∂Si (n,m,τ)

∂τ
= −2(a − c)

(
mi +1

)
(mi (mi +2n −1)+n2 −n)(

τ(mi +1+n)2 −2(mi +n)(mi +1)
)2 < 0, i = A,D

and

∂Si (n,m,τ)

∂mi
= τ(a − c)

(
3τ−2n +2nτ−mi (miτ−4n −2mi +2nτ+4−2τ)−n2τ+2n2 −2

)(
τ(mi +1+n)2 −2(mi +n)(mi +1)

)2

It follows from the above that the effect of local competition on the strategic

effect of technology transfer is positive if m < mi
c (τ,n), where

mi
c (τ,n) = −2+2n +τ−nτ+p

2
p

4−2n −6τ+nτ+2τ2

τ−2

Furthermore,

∂mi
c (τ,n)

∂τ
= − (n +2)

p
2

2(τ−2)
p

(τ−2)(n +2τ−2)
< 0, i = A,D.

The strategic effect decreases with n given that:

∂Si (n,m,τ)

∂n
= −τ (a − c) (n2τ+2+mi (2+τ(mi +2n −2))−3τ−2nτ)(

τ(mi +1+n)2 −2(mi +n)(mi +1)
)2 < 0, i = A,D.

We know that the scale effect also decreases with n because:

∂q i
f (n,m,τ)

∂n
= −τ (a − c) (τ(n +1)2 +mi (2τ+2nτ+miτ−2)−2)(

τ(mi +1+n)2 −2(mi +n)(mi +1)
)2 < 0, i = A,D.

An increase in the number of foreign firms has a larger impact on the scale

effect than on the strategic effect if: |∂q i
f (n,m,τ)

∂n | > |∂Si (n,m,τ)
∂n |. Solving this

inequality implies that an increase in n will lower the scale effect by more than

it lowers the strategic effect if:

τ> mi +1

mi +n +1

Given that τ > 2 we can conclude that an increase in the number of foreign

firms leads to a larger decrease in the scale effect than in the strategic effect

(i.e. |∂q i
f (n,m,τ)

∂n | > |∂Si (n,m,τ)
∂n |).
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Appendix 3.6: Proof of Propositions 2

Technology transfer by the foreign multinationals is higher under acquisition

than under direct entry if:

∆X ≡ x A
f −xD

f = 2(a − c)m

(m +1)2τ−2m(m −n +1)
− 2(a − c)(n +m)

(n +m +1)2τ−2(m +n)(m +1)
> 0

Solving this inequality implies that ∆X > 0 if:

τ> τt (n,m) = 2m2 +2mn

−1+m2 +mn

Taking partial derivatives implies that:

∂τt (n,m)

∂m
=− 4m +2n(

m2 +nm −1
)2 and

∂τt (n,m)

∂n
=− 2m(

m2 +nm −1
)2

Furthermore, limn→∞ 2m2+2mn
−1+m2+mn

= 2 for given m and limm→∞ 2m2+2mn
−1+m2+mn

= 2

for given n. This proves the second part of Proposition 2.

Appendix 3.7: Proof of Proposition 3

Welfare under the two regimes is given by:

W A = m2(a − c)2(τm +τ−2(m −n))2

2(τ(m +1)2 −2m(m −n +1))2
+ m(a − c)2(τm +τ−2m)2

(τ(m +1)2 −2m(m −n +1))2
and

W D = (n +m)2(a − c)2(τ(n +m +1)−2m)2

2(τ(n +m +1)2 −2(n +m)(m +1))2
+ m(a − c)2(τ(n +m +1)−2(n +m))2

(τ(n +m +1)2 −2(n +m)(m +1))2

Under acquisition, welfare increases with the number of foreign multinational

firms if ∂W A

∂n > 0, where

∂W A

∂n
= −2m2 (a − c)2 (τ−2m +mτ) (τ−2n −2m +mτ)(

τ(m +1)2 −2m(m −n +1)
)3 .

Recall that τ > 2. This implies that welfare will increase with the number

of foreign multinational companies if τ−2n −2m +mτ < 0. Hence, we can

conclude that ∂W A

∂n > 0 if:

τ< τna(nm) = 2(m +n)

1+m

Under direct entry, welfare increases with the number of foreign multinational

firms if ∂W D

∂n > 0, where
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∂W D

∂n = −τ(a−c)2((m4(−2+τ)2+m3(−2+τ)(−2+2n(−3+τ)+3τ)−n(1+n)τ(n2(−2+τ)+τ+2nτ))

(τ(n+m+1)2−2(n+m)(m+1))3 .

This implies that welfare will increase with the number of foreign multi-

national companies if: (m4(−2+τ)2 +m3(−2+τ)(−2+2n(−3+τ)+3τ)−n(1+
n)τ(n2(−2+τ)+τ+2nτ) < 0. Hence, we can conclude that welfare will increase

with the number of foreign multinational companies if:

τ< 2m(m+n)
m+m2−n−n2 , when m > n

τ> 2(m+m2+2mn+n2)
(1+m+n)2 , when m < n

Recall that τ> 2 and m ≥ n > 2, hence, under direct entry, welfare increases

with n if:

τ< τnd (n,m) = 2m(m +n)

m +m2 −n −n2
.

Appendix 3.8: Derivations under foreign ownership restric-

tions

When foreign ownership is restricted, technology transfer by a representative

multinational is denoted by xi
f (θ) ≡ argmax{θπi

f (x f )− τx2
f

2 }. This implies that

technology transfer under the two entry modes is given by:

x A
f (θ) = 2θm(a − c)

τ(m +1)2 −2θm(m −n +1)
and xD

f (θ) = 2θ(n +m)(a − c)

τ(n +m +1)2 −2θ(n +m)(m +1)

Subsequently the equilibrium output levels are:

q A
f (θ) = (a − c)τ(m +1)

τ(m +1)2 −2mθ(m −n +1)
and q A

l (θ) = (a − c)(τ(m +1)−2θm)

τ(m +1)2 −2mθ(m −n +1)
.

qD
f (θ) = (a − c)(n +m +1)τ

(n +m +1)2τ−2θ(m +1)(n +m)
and qD

l (θ) = (a − c)((m +n +1)τ−2θ(n +m))

(n +m +1)2τ−2θ(m +1)(n +m)
The equilibrium profit functions are given by:

ΠA
f (θ) = (a − c)2τ((m +1)2τ−2θ2m2)

(τ(m +1)2 −2θm(m −n +1))2
and πA

l (θ) = [
(a − c)(τ(m +1)−2θm)

τ(m +1)2 −2mθ(m −n +1)
]2.

ΠD
f (θ) = (a − c)2τ(τ(n +m +1)2 −2θ(n +m)2)

(τ(n +m +1)2 −2θ(n +m)(m +1))2
and πD

l (θ) = (a − c)2((m +n +1)τ−2θ(n +m))2

((n +m +1)2τ−2θ(m +1)(n +m))2

Finally, host country welfare under acquisition and under direct entry is,

respectively, given by:

W A(θ) = m2(a − c)2(τm +τ−2(m −n)θ)2

2(τ(m +1)2 −2mθ(m −n +1))2
+ m(a − c)2(τm +τ−2θm)2

(τ(m +1)2 −2mθ(m −n +1))2
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and

W D (θ) = (a − c)2(n +m)2((n +m +1)τ−2θm)2

2((n +m +1)2τ−2θ(m +1)(n +m))2
+m(a − c)2((m +n +1)τ−2θ(n +m))2

((n +m +1)2τ−2θ(m +1)(n +m))2

The effect of an increase in τ on, respectively, consumer surplus and producer

surplus is given by:

−2nθ (a − c)2 (m +n)2 (m +n +1)(τ−2mθ+mτ+nτ)

((n +m +1)2τ−2θ(m +1)(n +m))3
< 0

and

4mnθ (a − c)2
(
m2 +2mn +m +n2 +n

)
(τ−2mθ−2nθ+mτ+nτ)

((n +m +1)2τ−2θ(m +1)(n +m))3
> 0

Appendix 3.9: Proof of Proposition 4

The derivative of welfare w.r.t. the share of foreign ownership under the two

entry modes is given by:

∂W A

∂θ
= −2m2nτ (a − c)2 (m +1)(τ−2mθ−2nθ+mτ)(

τ−2mθ+2mτ−2m2θ+m2τ+2mnθ
)3 and

∂W D

∂θ
= 2nτ (a − c)2

(
m2 +2mn +m +n2 +n

)
(nτ−mτ+2m2θ−m2τ+n2τ+2mnθ)(

τ−2mθ−2nθ+2mτ+2nτ−2m2θ+m2τ+n2τ−2mnθ+2mnτ
)3

Given that τ> 2 it follows that under acquisition welfare will increase with the

share of foreign ownership if τ−2mθ−2nθ+mτ< 0. Hence, we can conclude

that ∂W A

∂θ > 0 if:

τ< τr a = 2θ(m +n)

1+m
Under direct entry, welfare will increase with the share of foreign ownership if

(nτ−mτ+2m2θ−m2τ+n2τ+2mnθ) > 0. We can conclude that under direct

entry, welfare increases with θ if:

τ< τr d = 2mθ(m +n)

m +m2 −n −n2
. (3.23)

Appendix 3.10: Equilibrium profits under asymmetric entry

Under asymmetric entry, the equilibrium profit levels gross of the buy-out

price under acquisition are:

πi
f =

(a − c)2τ(τ(mi +3)2 −2(mi +2)2)

(τ(mi +3)2 −2(mi +1)(mi +2))2
and πi

l =
(a − c)2(τ(mi +3)−2(mi +2))2

(τ(mi +3)2 −2(mi +2)(mi +1))2
.
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Appendix 3.10: Description of the variables and parameters

used in the model

τ Cost of technology transfer

n Number of foreign firms

m Number of domestic firms

c Marginal cost

p Price

C Cost of technology transfer

q f Foreign firm output

ql Domestic firm output

π f Foreign firm profit

πl Domestic firm profit

Q f Total output of foreign firms

Ql Total output of domestic firms

x f Technology transfer by foreign firm

θ Foreign ownership share





CHAPTER 4
Industry-Science R&D

Cooperation: the case of
South Africa

4.1 Introduction

The importance of scientific research for the innovation activities of firms has

spurred research into the determinants of cooperative R&D between firms

and knowledge institutions (see e.g. Belderbos et al., 2004; Veugelers and

Cassiman, 2005; López, 2008; Van Beers et al., 2008). The management litera-

ture stresses how R&D collaboration enables firms to internalize transaction

costs associated with R&D licensing. Furthermore, this literature stresses how

cooperation in research allows partners to share resources. Firms may, for

example, benefit from the facilities, equipment and the knowledge available at

knowledge institutions. Furthermore, universities may introduce firms to state

of the art technologies which these universities obtained through their own

R&D efforts or through their previous partnerships with foreign universities

(see e.g. Zucker et al., 1998; Mowery 1998; Klevorick et al., 1995; Hall et al.,

2000; Cockburn and Henderson 2001). On their turn firms provide knowledge

institutions with financing and they may enable university spin-offs to generate

commercial value (see e.g. Meyer-Krahmer and Schmoch, 1998; Cohen et al.,

2002; D’Este and Patel, 2007; D’este and Perkmann, 2011).
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Given the importance of industry-science research partnerships in the

process of technological catch-up (see e.g. UNIDO, 2005; Mazzoleni and

Nelson, 2007) interest into such partnerships in a developing country context

has been on the rise (see e.g. Eun et al., 2006; Hershberg et al., 2007; Mathews

and Hu, 2007; Wong et al., 2007; Liefner and Schiller, 2008; Rapini et al., 2009;

Albuquerque et al., 2015). However, as observed by Kruss et al. (2012) "there

has been little systematic research on the conditions of universities and firms

and their potential for interaction across national systems of innovation in the

countries of sub-Saharan Africa" (see Kruss et al., 2012; Muchie et al., 2003;

World Bank, 2009). Furthermore, the existing literature on cooperative research

agreements in developing countries mainly looks at country characteristics

such as human development conditions and capabilities of local knowledge

institutions in determining the success of industry-science research partner-

ships.

The current Chapter, however, is more in line with the literature on

cooperative research agreements in advanced countries as it focusses on firm

and industry characteristics that determine R&D cooperation with scientific

organizations (see e.g. Belderbos et al., 2004; Veugelers and Cassiman, 2005;

López, 2008; Van Beers et al., 2008). South Africa aims to move away from

dependence on primary resource production. Through its National R&D

Strategy and the Ten-Year Innovation Plan (2008-18), South Africa has taken

different measures to increase public and private investment in R&D. It

focuses on certain sectors such as the biotechnology sector in which it aims

to develop centers of excellence. Cooperative research agreements between

firms and universities and (public) research centers play an important role

in the country’s strategy to develop these centers of excellence. Hence, it is

crucial to properly understand which firm and industry characteristics will

determine whether cooperative R&D agreements take place 38 The results of the

current study will also provide lessons for other emerging market economies

which are aiming to develop their national systems of innovation. Crespi

and Peirano (2007) show that there is a high degree of heterogeneity across

innovation surveys in emerging market economies such as Argentina, Chile,

Brazil, and Uruguay allowing for only some minimum comparability. The

38See The Innovation Policy Platform (IPP) South Africa STI Outlook 2016 Country Profile.
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South African innovation survey, however, is very similar to the European

Community Innovation Survey (CIS), allowing for much better comparison

with results from studies done in more advanced countries.

An important focus of the current paper is on the complementarity be-

tween outward FDI and R&D collaboration in the home country. Emerging

market firms are increasingly investing overseas. These firms are more heavily

investing in neighbouring countries but also increasingly so in more advanced

countries (see e.g. Gomez-Mera et al., 2015). In order to compete in foreign

markets, these firms need to develop technological assets. To develop these

assets, firms continually need to engage in (cooperative) R&D. Hence, engaging

in cooperative research agreements with knowledge institutions may be a

complementary strategy to outward FDI. This complementarity between

outward FDI and cooperative research with knowledge institutions has not

been taken into account in the existing literature on industry-science R&D

collaboration.

In line with existing studies we find that firms active in the science-based

industries, are more likely to engage in cooperative research agreements with

knowledge institutions. Furthermore, the use of publicly available information

and cooperation with customers or suppliers are important complementary

innovation strategy to R&D collaboration with scientific organizations. In

contrast to many previous studies, we find that appropriability concerns may

form a barrier preventing R&D collaboration with scientific organizations.

Finally, the results show that firms that establish a subsidiary abroad will more

likely cooperate with scientific organizations, while foreign firms active in the

country are less likely to cooperate with scientific organization.

The rest of this Chapter is structured as follows. Section 2 describes the

research approach. Section 3 presents the data and provides some descriptive

statistics of the sample. Section 4 describes the model used. Section 5 presents

the results and Section 6 concludes.

4.2 Internationalization and R&D cooperation

Most South African firms are a legacy of the apartheid era. Due to economic

sanctions during this era, South African firms could only invest in the domestic
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economy and these firms did not compete with foreign multinational compa-

nies. After the new government came into place in 1994 many South African

firms started investing overseas and many foreign companies entered into

South Africa.39 South African multinational companies are, for example, active

in the financial sector (e.g. Standard Bank), the telecommunications sector

(e.g. the MTN group) the chemical industry (e.g. Sasol), and in mining (e.g.

AngloGold Ashanti).

According to Dunning’s OLI framework, also known as the eclectic paradigm

(see Chapter 1), firms invest overseas in order to exploit their ownership

advantages such as innovative technologies or managerial expertise. To

prevent the leakage of proprietary knowledge, firms internalize their ownership

advantages by establishing a subsidiary abroad instead of licensing their

technologies to local firms. Firms will choose to establish a subsidiary in

countries with locational advantages such as low labor cost, an abundance of

natural resources, high consumer demand, or high tariff barriers that prevent

exporting to these countries (see Dunning, 1979). To improve the competitive

position of their affiliates abroad, multinational firms consistently need to

develop new technological assets. Firms can develop these technological

assets by engaging in inhouse R&D, or by collaborating in R&D with partners

such as universities or public research organizations. Furthermore, emerging

market firms are increasingly acquiring technological assets by buying an

equity interest in a host country firm which already owns these assets (see

e.g. Dunning et al. 1995; Dunning, 2006; Buckley et al. 2016). As a result,

emerging market firms are increasingly investing in more advanced countries.

Moreover, Holtbrügge and Kreppel (2012) show that FDI by firms from the BRIC

countries (i.e. Brazil, Russia, India, and China) is more likely when these firms

are exposed to greater competitive pressure in their respective home market.

For further expansion these firms first penetrate difficult markets such as the

United States and Europe because these are large markets and these are also

the home markets of their largest global competitors (see Palepu and Vargas,

2005; Holtbrügge and Kreppel, 2012).

39Between 2009-2011 total inward and outward FDI flows were, respectively, $19.731 million
and $1.151 million. Total inward and outward FDI stocks were, respectively, $129.890 million
and $72.285 million in 2011 (see UNCTAD, 2012).
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Different studies show that basic and fundamental research which can

be carried out in collaboration with knowledge institutions is often carried

out at the headquarters, while more applied research to adapt products and

services to local market conditions may be carried out in host countries (see e.g.

Patel and Pavitt, 1991; Schmiele and Mangelsdorf, 2009; UNCTAD, 2005; Liu

and Chen, 2012). Hence, we expect that foreign firms in South Africa will less

likely engage in cooperative research agreements with knowledge institutions

compared to local firms. On the other hand South African firms that estab-

lished a subsidiary overseas may more likely engage in collaborative research

with knowledge institutions in order to transfer innovative technologies to

their subsidiaries abroad. Hence, we expect that South African firms may

cooperate in R&D with knowledge institutions as a complementary strategy to

establishing a subsidiary in a foreign country.

4.3 The data

This study uses firm level data from the South African Innovation Survey of

2012 (covering the period 2009-2011). The innovation survey is conducted by

The Centre for Science, Technology and Innovation Indicators (CeSTII). CeSTII

conducts this survey on behalf of the Department of Science and Technology

South Africa (DST). This survey is comparable to the European Community

Innovation Survey (CIS4) and follows the guidelines of the Organization for

Economic Cooperation and Development (OECD) and Eurostat.

Table 1: Sample statistics (number and percentage of firms)

Firms 687
Innovating firms 400 (58.2%)a

Firms cooperating with universities or public research centers 69 (17.3%)b

Cooperating with universities 59 (14.8%)b

Cooperation with public research centers 51 (12.8%)b

a percentage with respect to all firms
b percentage with respect to innovating firms

As shown in Table 1, the final sample consists of 687 firms from both

industrial and services sectors. The total sample includes 4658 firms. The
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response rate was 16 percent (746 firms). After removing firms with missing

observations on key variables we are left with 687 firms. We restrict attention

to the subsample of 400 innovation-active firms because only these firms

provided information about key variables which are used in the current analysis.

For example, information on whether a firm engaged in cooperative research

agreements is only provided by innovation-active firms.40 Innovation-active

firms are companies that either introduced product or process innovations or

had ongoing or abandoned innovation activities in the last two years. Of all

innovation-active firms, 17 percent (69 firms) engaged in R&D cooperation with

universities or public research centers. The percentage of innovation-active

firms that collaborated in research with universities or other higher education

institutions was 15 percent (59 firms). The percentage of firms that collaborated

with public research organizations was 13 percent (51 firms).41 In comparison,

in the EU the average percentage of firms that cooperated with universities or

higher education institutions was 13 percent in 2012. The average percentage

of enterprises that cooperated with public or private research organizations

was 9 percent.42

The importance of the natural resources sector in South Africa limits the

level of private R&D expenditure. R&D expenditure as a percentage of GDP is

lower than in most OECD countries (albeit higher than in e.g. Argentina and

Chile) and also lower than in the BRIC countries. After a period of decline, R&D

expenditure started to increase again in 2010. This increase was due to higher

public R&D spending such as government financed R&D by public research

institutes. According to a OECD (2012) report, the science and technology base

in South Africa supports pockets of global excellence (e.g. in aerospace, arms,

mining, IT and medicine) and industry-science links play an important role in

research and innovation. The report also shows that there is a good integration

in international business and academic networks. International collaboration,

for example, plays a significant role in the publication of scientific articles.

South Africa’s relative specialization in emerging technologies also increased

rapidly over the past decade notably in biotechnology.

40The two-step Heckman procedure is used to correct for sample selection.
41One of these research organizations is the Council for Scientific and Industrial Research

(CSIR) which is the largest R&D organization in Africa.
42Data on R&D collaboration in Europe is provided by The Eurostat Dissemination

Database.
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Table 2: Cooperative research agreements by industry

Industry % firms with
(SIC 2) N CLuniv_publ = 1

Mining & Quarrying 21-29 12 25
Food, Beverages & Tobac. 30 32 16
Textiles, Clothing & Leath. 31 16 0
Wood, Wood/Cork Prod. 32 14 14
Chemical industry 33 30 30
Metal Products and Other 34-35 46 13
Non-Metal. Min. Prod.
Electrical Machinery & App. 36 18 22
Radio, TV, Comm. Equip. 37 11 0
Transport Equipment 38 15 20
Furniture, other & Recycl. 39 18 4
Electricity, Gas & Water 41-49 3 0
Wholesale & Retail 61-62 70 14
Transport, Storage & 71-79 47 9
Communication
Financial intermediation 81 17 24
Computer, R&D, Architectural 86-8822 51 37
Engineering & Technical testing
Total 400 17

Table 2 provides an analysis of industry-science cooperative research agree-

ments in the different sectors of the South African economy. Firms providing

knowledge-intensive services such as ICT, (medical) R&D, and architectural

and engineering services and firms in the chemical industry are more likely to

be involved in cooperative research agreement with scientific organizations.

The high level of industry-science partnerships in the high-technology fields

of ICT and biotechnology are mainly driven by the initiatives taken by the

South African government aimed at fostering research partnerships between

firms and universities in these industries (see e.g. Albuquerque et al., 2015).

Furthermore, South Africa has a well developed chemical industry with firms

such as Sasol operating at the technological frontier. High levels of cooperative

research agreements in the science-based sectors also follows from studies

done in more advanced countries. This research, for example, shows that in the

chemical industry, collaborative research is preferred to contract research (see
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Meyer-Krahmer and Schmoch, 1998; Cohen et al. 2002; Perkman and Walsh,

2007).

The explanatory variables

The dependent variable Coop university or research center indicates whether a

firm cooperated in research with universities or public research organizations.

We include a number of firm and industry characteristics which according to

the literature determine R&D collaboration with knowledge institutions. In

particular, we include firm size, foreign ownership, cost obstacles to innovation,

the ability to appropriate R&D results, and the industry mean of R&D cooper-

ation with knowledge institutions. The variable firm Size is measured by the

logarithm of the number of a firm’s employees. Table 3 shows that higher size

classes have a higher percentage of firms engaged in cooperative research with

knowledge institutions. Larger firms have more resources and as a result may

benefit more from collaborative research agreements (see e.g. Leiponen, 2001;

Laursen & Salter, 2004; Cohen et al., 2002; Meyer-Kramer and Schmoch, 1998).

Firms may engage in cooperative research agreements in order to share the

high cost of innovation, so, higher cost barriers to innovation may likely induce

firms to seek R&D partnerships (see e.g. Mariti and Smiley, 1983; Veugelers

and Cassiman, 2005). The variable Cost is measured by the sum of scores of

importance of the following obstacles to the innovation process: (1) no suitable

financing available internally, (2) no suitable financing available externally, (3)

high costs of innovation.

Table 3: Cooperative research agreements by size-class (employment)

% firms with Coop
Size class N university or research center = 1
< 20 46 7
20−50 56 13
50−200 138 14
> 200 160 25
Total 400 17

To control for foreign ownership, the variable Foreign is included which

takes the value 1 if a firm is a subsidiary of a foreign multinational and zero
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otherwise. Firms may be reluctant to collaborate in R&D if they are unable

to fully appropriate the benefits of their R&D investments due to imitation

by their competitors. Prior research shows that appropriability issues are

of less concern to firms that engage in collaborative research agreements

with knowledge institutions because firms and knowledge institutions do

not compete in the product market (see e.g. Cassiman and Veugelers, 2002;

Leiponen, 2001).43 On the other hand due to a lack of intellectual property

rights protection in developing countries, firms in these countries may have

a greater fear that some of the results of their joint R&D with knowledge

institutions may leak to their competitors (see e.g. Cohen et al., 1998; Lhuillery

and Pfister, 2009; Kim and Aquilera, 2015). Due to a lack of information on

appropriability in the South African innovation survey, we proxy the lack of

appropriability in the same way as in Leiponen (2001) and in a similar way

as in Belderbos et al. (2004). We proxy the lack of appropriability by the

variable Industry outgoing spillovers. This variable is measured by the industry

mean of the score of importance for the innovation process of information

obtained from competitors (constructed at the two-digit Standard Industry

Classification (SIC) level). High levels of industry outgoing spillovers imply

weak appropriability conditions in the industry. Certain industries are more

likely associated with industry-science cooperative research agreements (see

e.g. Cohen et al., 2002; Kleverick et al., 1995). We control for these industry

specific characteristics by including the industry mean of R&D cooperation

(Industry cooperation).

We also measure the complementarity among innovation strategies. One

possible complementary innovation strategy is the use of internal sources

of information for the innovation process (Internal sourcing). As shown in

the literature on absorptive capacity, firms with more internal resources may

more likely benefit from cooperative research agreements (see e.g. Cohen &

Levinthal, 1990). As a result, the use of internal sources of information for the

innovation process may be a complementary innovation strategy to sourcing

information through R&D cooperation. However, firms with relatively high

levels of internal resources may also fear that their proprietary knowledge will

43Hall et al. (2001) do show that appropriability concerns may prevent industry-science
cooperative R&D in case of short-term and well defined research contracts.
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leak to their competitors as a result of joint research efforts. This will make

cooperative research agreements less likely (see Van Beers et al., 2008). The

internal capacity of a firm is proxied by the score of importance of internal

sources of information for the innovation process. Besides sourcing internal

information, firms may also source external information as a complementary

innovation strategy to R&D cooperation with knowledge institutions. One

way to source external information is by using publicly available information

(Public sourcing). As part of their innovation strategy, firms may also use

publicly available information such as scientific research findings which are

presented at conferences or published in journals. Subsequently, firms may

choose to collaborate with the knowledge institutions that generated these

results. Hence, the use of publicly available information may also be a comple-

mentary innovation strategy to R&D collaboration with knowledge institutions

(see e.g. Cohen et al., 2002; Fontana et al., 2006; Ribeiro et al., 2014). Public

Sourcing is measured by the average score of importance for the innovation

process of the following information sources [number between 0 (not used)

and 3 (high)]: (1) conferences, trade fairs, exhibitions (2) scientific journals

and trade/technical publications (3) professional and industry associations.

Another way of sourcing external information for the innovation process is by

collaborating in R&D with other types of partners.Firms that collaborate in R&D

with knowledge institutions may, for example, at the same time collaborate

with suppliers and/or customers as part of a research consortia. In many

countries vertical R&D collaboration (i.e. with suppliers and customers) is

the most frequently observed type of R&D partnership. The variable Vertical

cooperation is included in order to control for this complementary innovation

activity. Finally, we measure whether firms that established a foreign subsidiary

will more likely engage in cooperative research agreements. The variable

Subsidiary abroad takes the value 1 if a firm established a subsidiary in another

country and zero otherwise. Due to the endogenous nature of these variables

on complementary innovation strategies and outward FDI, we will use an

instrumental variables estimation procedure.

In Table 4 it is shown that the mean values of almost all regressors are

significantly higher for firms that cooperate with knowledge institutions than
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Table 4: Descriptive statistics

Mean if Mean if
Sample mean CLuniv_publ = 0 CLuniv_publ = 1

Foreign 0.22 0.224 0.203
Size 5.025 4.795 6.127∗∗∗

Cost 2.383 2.308 2.739∗∗∗

Industry 0.172 0.149 0.286∗∗∗

Cooperation
Industry outgoing 2.54 2.55 2.495

spillovers
Subsidiary abroad 0.175 0.151 0.29∗∗∗

Public sourcing 2.286 2.146 2.957∗∗∗

Internal sourcing 3.116 3.024 3.559∗∗∗

Vertical cooperation 0.3 0.169 0.928∗∗∗
*** Difference in means between cooperating and non-cooperating firms significant at

the 1 percent level.

for firms without such agreements.44 The mean values of foreign ownership

and industry outgoing spillovers are lower for firms that engage in cooperative

research agreements, however, the differences are not significant.

Table 5 shows that the innovation strategies (i.e. Cooperation with universi-

ties or knowledge institutions, Public sourcing, Internal sourcing, and Vertical

cooperation) are all significantly and positively correlated. Furthermore,

outward FDI is also significantly correlated with the four innovation strategies.

This supports the hypothesis of complementarity among the innovation

strategies and complementarity among innovation strategies and outward

FDI.

4.4 The model

Due to the discrete nature of the dependent variable a probit model is used

in order to estimate the probability of R&D collaboration with knowledge

institutions. We only consider innovation-active firms, so, we first need to

check for sample selection. In Appendix 4.2 the first step regression of the

Heckman selection model is presented. As independent variables for the first

44A detailed description of the variables is provided in Appendix 4.1.
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Table 5: Pairwise correlations between complementary strategies

Coop university or Internal Public Vertical Subsidiary
research center sourcing sourcing cooperation abroad

Coop university or 1
research center

Internal sourcing 0.18∗∗∗ 1
Public sourcing 0.34∗∗∗ 0.34∗∗∗ 1
Vertical cooperation 0.63∗∗∗ 0.23∗∗∗ 0.29∗∗∗ 1
Subsidiary abroad 0.14∗∗∗ 0.12∗∗ 0.12∗∗ 0.19∗∗∗ 1

** Significant at 5 percent

*** Significant at 1 percent

step regression we include, foreign ownership, size, cost, and two more barriers

to the innovation process i.e. market uncertainty and lack of knowledge. The

lack of knowledge is measured by the mean score of importance of the following

obstacles to innovation: (i) lack of qualified personnel; (ii) lack of information

on technology; (iii) lack of information on markets. We also include the variable

Export which is equal to 1 when a firm is an exporter and zero otherwise. Finally,

we include industry dummies. It follows that the absence of sample selection

cannot be rejected by the data.

The three complementary innovation strategies (i.e. Internal sourcing,

Public sourcing, and Vertical cooperation) and the variable on outward FDI

(i.e. Subsidiary abroad) are unlikely to be exogenous. A two-step instrumental

variable regression is applied in order to correct for endogeneity. In the first step

the endogenous variables are regressed on the assumed exogenous variables

and on a number of instruments. In the second step, the predicted values of

the endogenous variables are included in the probit regressions which estimate

the probability of R&D collaboration with knowledge institutions. 45

The instruments included for internal sourcing of information are, the

industry mean of internal sourcing, and the variable Lack of Knowledge. The

instruments for public sourcing are, the industry mean of public sourcing, and

the "basicness" of R&D. The basicness of R&D is measured by the importance

for the innovation process of information from public research institutes and

45The ivprob-STATA program avoids inconsistent estimates for the second step estimation
in case of binary endogenous variables (i.e. vertical cooperation and subsidiary abroad).
The procedure estimates the endogenous variables as a linear function of the exogeneous
and instrumental variables and corrects the second step standard errors (see Heckman and
Macurdy, 1985; Veugelars and Cassiman, 2005).
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universities relative to the importance of information from suppliers and

customers. Firms with more basic R&D are expected to benefit more from

publicly available information (see e.g. Mohnen and Hoareau, 2003; Veugelers

and Cassiman, 2005). The instruments included for Vertical cooperation are,

the industry mean of vertical collaboration, and the obstacle to innovation:

Lack of Knowledge.

As instruments for outward FDI we include the industry mean of estab-

lishing a subsidiary abroad, and the variable Export. Certain industries may

be more open to foreign investments. The higher competitive pressure on

local firms in these industries may induce domestic firms to enter into foreign

markets in order to expand their market share (see Holtbrügge and Kreppel,

2012). As a result, certain industries may have a higher percentage of firms

that invest overseas. Finally, we include the variable export because firms

often first export to foreign markets before they establish a subsidiary in these

countries (see e.g. Wells, 1983; Lecraw, 1981; Johanson and Vahlne, 1977;

Pradhan, 2004).46

4.5 The results

It follows from the first step regression of internal sourcing (see Appendix

4.2) that internal sources of information are relatively more important for

the innovation activities of foreign-owned companies and large-sized firms.

These results are to be expected given that foreign multinationals and large-

sized companies will likely have more in-house capabilities. Both instruments

for Public sourcing (i.e. Industry public sourcing and the Basicness of R&D)

have a highly significant effect on the use of publicly available information

for the innovation process. The first step regression of Vertical cooperation

(in Appendix 4.2) shows that firms with higher cost constraints and large-

sized firms are more likely to collaborate with suppliers or customers. Hence,

firms may collaborate with suppliers or customers in order to share the cost

of innovation. Furthermore, larger firms will likely have a higher level of

absorptive capacity and will more likely benefit from research partnerships. As

46The tests of overidentifying restrictions in Appendix 4.3 show that we cannot reject that
the instruments are valid instruments.
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a result larger firms may more likely engage in cooperative research agreements

with vertical partners.

Appendix 4.2 also shows that larger firms will more likely establish a

subsidiary abroad. A similar result has been found in a number of other studies

and a possible rationale for this result is that larger firms will be more able

to bear the risk of international expansion of production (see e.g. Lall, 1986;

Pan & Li, 2000; Pradhan, 2004). We do not find a significant effect of export

on the likelihood of establishing a foreign subsidiary. This may be a result of

the fact that we are unable to use a lagged export variable which is more likely

to be associated with the internationalization of production in the current

period. The variable that controls for industry specific characteristics has a

highly significant effect on the probability of establishing a subsidiary abroad.

Hence, as expected in certain industries outward FDI will more likely occur

than in other industries.

In Table 6, regression (1) presents the second step regression of the Heck-

man selection model. Given that the absence of sample selection cannot be

rejected we will continue by sequentially including the different complemen-

tary innovation activities and the variable on outward direct investment. In

regression (2) we include internal sourcing without correcting for endogeneity.

As expected, larger firms are more likely to collaborate in R&D with knowledge

institutions and these cooperative research agreements are used in order to

share the high cost of innovation. Furthermore, whether firms engage in

cooperative research agreements with knowledge institutions highly depends

on the industry specific level of R&D collaboration with such institutions. With

a marginal effect equal to 0.403, the industry level of R&D collaboration has the

greatest impact on the probability of cooperation with knowledge institutions.

This is consistent with the finding that firms active in science-based industries

will more likely engage in collaborative research agreements with scientific

organizations. Finally, the variable Internal sourcing has a positive effect on

cooperation with knowledge institutions, while foreign ownership and industry

outgoing spillovers do not have a significant effect.

In regression (3) we correct for endogeneity of the variable Internal sourcing.

After correcting for endogeneity, Internal sourcing no longer has a significant

effect on the probability of engaging in cooperative research agreements with
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knowledge institutions. Previous research shows that in South Africa, firms

collaborate in R&D with knowledge institutions in order to complement their

own internal capacity and to benefit from the expertise and the human and

physical resources available at the scientific institutions (see HSRC, 2003). This

may explain why in South Africa, firms with higher levels of internal capacity

will not more likely collaborate in R&D with knowledge institutions.

Furthermore, in regression (3), although marginally significant, industry

outgoing spillovers have a negative effect on the probability of engaging in

cooperative research agreements (with a marginal effect equal to -0.112). While,

in advanced countries appropriability concerns often do not prevent research

agreements with knowledge institutions, we find that they may have a negative

effect on cooperative research with science in South Africa. This may be related

to the fact that in developing countries intellectual property rights are less well

protected. As a result firms may fear that scientific organizations will form a

channel through which knowledge will leak to their competitors. Finally, in

regression (3) foreign ownership has a marginally significant negative effect on

cooperation. Hence, in line with previous studies we find that foreign-owned

companies are less likely to cooperate in research with knowledge institutions

in host countries.

Next, we include Public sourcing as an independent variable, in regression

(4) without correcting for endogeneity and in regression (5) after correcting for

endogeneity. The effect of public sourcing is highly significant both before and

after correcting for endogeneity. After correcting for endogeneity the marginal

effect of this variable also increases from 0.104 to 0.295. Hence, using publicly

available information is an important complementary innovation strategy to

collaborative research with scientific organizations. This result is in line with

findings from other studies (see e.g. Cohen et al., 2002; Fontana et al., 2006;

Ribeiro et al., 2014; Veugelers and Cassisman, 2005).

Next, the variable Vertical cooperation is included. Vertical collaboration

has a positive effect on cooperation with scientific organizations. With a

marginal effect equal to 0.243 before correcting for endogeneity [regression (6)]

and a marginal effect equal to 0.297 after correcting for endogeneity [regression

(7)], the variable vertical cooperation has the greatest impact on cooperation

with knowledge institutions. Hence, firms that engage in R&D cooperation
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with vertical partners may more likely be engaged in cooperative research

agreements with knowledge institutions. R&D cooperation with suppliers and

customers typically involves applied research, while scientific organizations

are mainly active in basic research. Hence, the results show that by engaging in

more applied R&D in collaboration with vertical partners, the marginal benefit

of cooperation with knowledge institutions may increase and this induces

firms to combine the two types of research partnerships.

In the final two regressions the variable on outward FDI is included. In

regression (8) Subsidiary abroad is included without correcting for endogeneity

and in regression (9) this variable is included after correcting for endogeneity.

From regression (9) it follows that firms that established a subsidiary abroad

will more likely collaborate in research with knowledge institutions compared

to firms that did not internationalize their production. With a marginal

effect equal to 0.847, this variable has the largest impact on R&D cooperation

with scientific organizations in regression (9). By cooperating with scientific

organizations, firms can develop innovative technologies which they can

exploit by transferring these technologies to their affiliates abroad.

4.6 Concluding remarks

This Chapter analyzes the factors most conducive to industry-science R&D

partnerships in an emerging market economy. We particularly focus on

cooperative research agreements by firms that engage in outward FDI. We find

that South African firms that established a subsidiary abroad will more likely

collaborate in research with universities or public research institutes. This is in

line with the asset-exploiting motive for FDI. Firms that internationalize their

production, engage in (cooperative) R&D in order to develop technological

assets which they exploit by transferring these assets to their affiliates abroad.

This technology transfer will then improve the competitive position of their

affiliates (see Cantwell, 1989; Pearce, 1999; Narula and Marin, 2005). Hence, the

government may foster industry-science research partnerships by liberalizing

the foreign investment regime. Allowing more foreign firms to enter into the

local market and stimulating domestic firms to enter into foreign markets

will increase the competitive pressure on domestic firms. This may induce
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local firms to engage in cooperative research with scientific organizations. We

also found that foreign firms active in South Africa are less likely to engage in

cooperative research agreements with scientific organizations compared to

local firms. This is consistent with previous studies that show that basic R&D

which relies on scientific organizations is mainly done at the headquarters and

not in host countries.

In line with studies done in more advanced countries, we also found that

firms active in the science-based industries are more likely to collaborate

with knowledge institutions.47 Furthermore, we find that the use of publicly

available information is an important complementary innovation strategy

to collaborating in R&D with scientific organizations. Hence, besides the

traditional subsidies that governments provide for collaborative research with

science, governments may stimulate these cooperative research agreements by

investing more directly in knowledge institutions and by enhancing the ability

of these organizations to generate publicly available information.

R&D cooperation with suppliers or customers is also complementary to

cooperating with scientific organizations. So, these two types of cooperative

research agreements are mutually reinforcing. This is likely a result of the fact

that cooperation with suppliers or customers often involves applied research,

while cooperation with knowledge institutions is often basic research. Hence,

while trying to induce firms to cooperate in R&D with scientific organizations,

it will be beneficial to also support the involvement of suppliers or customers.

R&D partnerships involving both vertical partners and scientific organizations

actually played an important role in South Africa’s mining industry. Different

mining equipment technologies were developed through research partnerships

involving mining companies, suppliers, and scientific organizations (see Pogue,

2008).

Although only marginally significant the results show that appropriability

concerns may reduce the likelihood of engaging in collaborative research

agreements with knowledge institutes. This contrasts with findings from

studies done in more advanced countries, where appropriability concerns do

not prevent cooperative research agreements with knowledge institutions but

47See e.g. Meyer-Krahmer and Schmoch (1998), Cohen et al. (2002), and Perkman and
Walsh (2007).
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only with competitors or vertical partners. Hence, the government may foster

industry-science R&D partnerships by improving the protection of intellectual

property rights. Khanna and Palepu (1997) indeed show that emerging market

economies are characterized by ‘institutional voids’, which refer to the lack of

market-supporting institutions such as property rights protection.

One of the shortcomings of our analysis is that we are unable to use firm

data over time to control for problems of simultaneity bias. Further research

in developing countries using panel data may better control for endogeneity

of certain determinants of R&D collaboration. Furthermore, similar research

in other developing countries may provide further information on whether

the determinants of cooperative research agreements differ in these countries

from those in more advanced countries.
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Appendix 4.1: The variables

Variables Definition

Coop university Binary variable indicating if a firm collaborated on innovation activities

research center with educational and public research institutions (1), otherwise 0.

Subsidiary abroad Binary variable indicating if a firm established a subsidiary in another

country (1), otherwise 0.

Vertical cooperation Binary variable indicating if a firm collaborated on innovation activities

with suppliers or customers (1), otherwise 0.

Internal sourcing Importance of internal sources of information for the innovation process

[number between 0 (not used) and 3 (high)].

Public sourcing Sum of scores of importance of the following information sources for

the innovation process [number between 0 (not used) and 3 (high)]:

(1) conferences, trade fairs, exhibitions (2) scientific journals and

trade/technical publications (3) professional and industry associations.

Size Number of employees (natural logarithm).

Cost Mean of scores of importance of following obstacles to the innovation

process [number between 0 (factor not experienced) and 3 (high)]:

(1) no suitable financing available internally, (2) no suitable financing

available externally, (3) high costs of innovation.

Foreign Binary variable indicating if a firm is foreign-owned (1), otherwise 0

Industry outgoing Industry (two-digit) mean of score of importance of competitors as a

source of knowledge for the firm’s innovation process.

Industry cooperation Industry (two-digit) mean of collaboration with knowledge institutions.

Industry internal sourcing Industry (two-digit) mean of internal sourcing.

Lack of knowledge Mean of scores of importance of following obstacles to the innovation

process [number between 0 (factor not experienced) and 3 (high)]: (1) lack of

qualified personnel, (2) lack of information on technology (3) lack of

information on markets.

Industry public sourcing Industry (two-digit) mean of public sourcing.

Basicness of R&D Ratio of the score of importance for the innovation process of

information from knowledge institutions and the score of importance

for the innovation process of information from suppliers and customers.

Industry vertical Industry (two-digit) mean of vertical collaboration.

cooperation

Export Binary variable indicating if a firm exported (1), otherwise 0.

Industry dummies Mining, Manufacturing, Wholesale & Retail, Transport, Financial, and

Technical services
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Appendix 4.2: Correction for selection bias and endogeneity

(0)Innovate (1)Internal sourcing (2)Public sourcing (3)Vertical cooperation (4)Subsidiary abroad

Foreign 0.0999** (0.0439) 0.411*** (0.129) -0.0222 (0.100) -0.0626 (0.0524) 0.109** (0.0446)

Size 0.0538*** (0.0101) 0.0910*** (0.0300) 0.0937*** (0.0231) 0.0587*** (0.0122) 0.0543*** (0.0103)

Cost 0.0424** (0.0201) 0.0506 (0.0611) 0.160*** (0.0437) 0.0475** (0.0241) -0.0215 (0.0190)

Industry outgoing -0.124* (0.0646) -0.139 (0.196) -0.795*** (0.178) -0.0773 (0.0744) 0.0107 (0.0628)

Spillovers

Industry 0.487*** (0.134) -0.521 (0.403) -1.702*** (0.397) -0.473** (0.229) -0.136 (0.124)

cooperation

Export 0.119*** (0.0380) - - - 0.0418 (0.0453)

Lack of 0.0745*** (0.0246) 0.150** (0.0712) - 0.00157 (0.0251) -

knowledge

Market 0.0102 (0.0191) - - - -

obstacle

Industry internal 0.991*** (0.182)

sourcing - - - -

Basicness of R&D - 0.405*** (0.130) - -

Industry public - 1.862*** (0.249) - -

sourcing

Industry vertical - - 1.308*** (0.242) -

cooperation

Industry subsidiary - - - 0.953*** (0.189)

abroad

Sector dummies F=11.02 F=15.56 F=12.77 F=11.26

Adj R2=0.15 Adj R2=0.20 Adj R2=0.17 Adj R2=0.15

N=397 N=399 N=399 N=399

Results on innovation selection from Heckman correction (0). First stage results on endogenous variables (1-4).

* Significant at 10 percent

** Significant at 5 percent

*** Significant at 1 percent

Appendix 4.3: Tests for overidentifying restrictions

Instruments for
endogenous variable Statistics P-value
Internal sourcing 0.338 0.5608
Public sourcing 2.320 0.1277
Vertical cooperation 0.091 0.7625
Subsidiary abroad 0.191 0.6621





CHAPTER 5
FDI Technology Spillovers in
the Mining Industry: Lessons

from South Africa’s mining
sector

5.1 Introduction

In a push to de-enclave the mining sector, resource-rich countries have

imposed regulations on mining companies, including obligations to hire and

train local workers, to buy from local suppliers and to advance local research

and development (see e.g. Dobbs et al., 2013). Based on the South African

innovation survey, this Chapter measures whether R&D collaboration with

foreign partners enhances the likelihood of introducing product and process

innovations by firms active in the mining sector.

During the apartheid-era cooperative R&D initiatives in the mining indus-

try enabled South Africa to operate at the technological frontier of mining

equipment technology. However, in recent years the sector has been in decline

and the country is losing its technological edge. The government is now trying

to regain its previous position by supporting research and development in the

mining sector. The government aims to transform the economy and wants to
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use mining R&D as the driving force behind this process. To achieve this goal

the government supports cooperative R&D between national and international

mining companies, suppliers, universities and research organizations (see

Slater, 2016). Hence, it is of interest to study which factors drive successful

innovation in South Africa’s mining sector, a country which is trying to regain

its past position at the technological frontier. This may provide important

lessons for other emerging economies and developing countries that want to

develop technological capabilities in the mining sector.

Singer (1950) argues that due to the capital intensive nature of the natural

resources sector, there is insufficient scope for spillovers to occur in resource-

rich developing countries. Few local workers are hired and inputs are often

acquired from leading international suppliers. As a result spillovers do not

occur in the host country but more likely in the home country of the multi-

national companies. On the contrary, Hirschmann (1981) argues that in the

natural resources sectors, linkages and spillovers to the rest of the economy

will occur naturally as a result of market forces and mainly through linkages

with domestic suppliers. Furthermore, David and Wright (1997) show that the

US grew out of resource dependence through backward linkages in mining.

Morris et al. (2012) separately analyze backward, forward and horizontal

linkages in different Sub-Saharan African countries. They show situations

in which linkages occur due to market forces and situations in which they do

not. Poelhekke and van der Ploeg (2013), however, show that a boom in FDI

in the natural resources sector leads to a contraction in non-resource FDI. On

average the latter effect outweighs the former which implies a net negative

effect on aggregate FDI due to a resource bonanza. This implies that, if linkages

are not created, natural resources driven FDI will negatively effect efforts to

industrialize. Finally, De Haas and Poelhekke (2016) show that the presence

of active mines deteriorates the business environment of firms in tradeable

sectors in close proximity to a mine but relaxes business constraints for more

distant firms. The negative effect on firms in close proximity to a mine is a

result of an increase in competition for inputs and use of infrastructure. As

noted by Phelps et al. (2015) this literature focusses on the pecuniary effects

of linkages and discussion of technological externalities is almost absent in

past studies of enclaves but has featured prominently in analysis of industrial
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agglomerations. The main contribution of the current study is its focus on

technological externalities and cooperative research agreements with foreign

partners.

Multinational mining companies transfer superior technology to their

affiliates in host countries in order to improve the competitive position

of their subsidiaries. Furthermore, multinational companies may transfer

knowledge and skills to local suppliers in order to enhance the quality of

their inputs. Due to the partially non-excludable nature of knowledge, foreign

multinationals are unable to fully appropriate the benefits of their knowledge

transfer. Furthermore, knowledge is non-rival, so, the use of this knowledge by

multinational affiliates does not diminish the ability of local firms to use it. This

implies that knowledge and technology transfer by multinational companies

may spill-over to domestic firms (see e.g. Newman et al., 2015). Guadalupe et

al. (2012) show that foreign firms are more productive than domestic firms not

just because of proprietary technologies but also because foreign firms engage

more in innovation activities compared to domestic firms. By cooperating in

R&D with these foreign firms, local companies my benefit from knowledge

spillovers.

According to the empirical literature on FDI spillovers, the main character-

istics that determine the existence and size of spillovers are, the technology

gap between foreign and local firms, and the capacity of local firms to absorb

spillovers. As shown by e.g. Findlay (1978), Wang and Blomström (1992), and

Kokko (1994), when there is no technology gap between foreign and local

firms, there is no room for local firm improvement and FDI spillovers will

not occur. If the technology gap is, however, too large local firms lack the

absorptive capacity to benefit from spillovers (see e.g. Lapan and Bardhan,

1973; Kinoshita, 2001; Crespo and Fontoura, 2007). Absorptive capacity is the

ability of firms to identify and use knowledge and technology of other firms

for their own commercial purposes (see Cohen and Levinthal, 1989 and 1990).

The capacity to absorb foreign firm technology depends on the skill level of

the local workforce. Furthermore, investments in Research and Development

(R&D) enhance the absorptive capacity of the investing firm and enables a firm

to benefit from FDI technology and knowledge spillovers.

Our empirical analysis of the South African mining sector shows that com-

panies active in the natural resources sector will more likely introduce product
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or process innovations if they engage in cooperative research agreements with

foreign customers or suppliers. Furthermore, compared to mining companies

and downstream firms, mining suppliers are more likely to introduce product

innovations that are new to the market. innovations that are new to the market

can be considered real innovations in contrast to innovations that are only

new to the firm which can be considered to be imitative innovations (see

Sadowski et al., 2006). The absorptive capacity of firms, proxied by a firm’s own

investment in R&D, is an important determinant of both product and process

innovations and firms with higher skilled workers are more likely to introduce

new or significantly improved services.

The rest of this Chapter is structured as follows. In Section 5.2 the main

government policies aimed at enhancing knowledge spillovers are analysed

based on examples from practice. Section 5.3 addresses the issue of mining

automation. Section 5.4 describes the data and presents the results on which

types of R&D partnerships and firm characteristics are most conducive to

product and process innovations by firms in the mining sector. Section 5.5

concludes and provides policy recommendations.

5.2 Policies to Enhance Knowledge Spillovers

The three main channels through which host country governments aim

to enhance technology transfer by multinational mining companies is by

stimulating foreign companies to hire and train local workers, to develop

domestic suppliers and downstream industries, and to engage in local research

and development.

Training of local workers

When multinational companies transfer equipment and machinery to their

subsidiaries in host countries, they need to accompany this with knowledge

transfer on how to use this technology effectively (see Teece, 1977). The

productivity of domestic firms may increase when these firms hire some of

the workers that were trained by foreign multinational companies. In this case



5.2. Policies to Enhance Knowledge Spillovers 85

knowledge spillovers through the labor mobility channel will have occurred.

Knowledge spillovers through labor mobility may have played a crucial role in

strengthening South Africa’s mining supply industry. Many of the senior skilled

employees of mining suppliers in South Africa, developed their knowledge

and skills as technicians on mines or working at research institutes. This

implies that, while working for foreign mining companies these workers gained

knowledge which may have enabled them to fill high-skill positions in local

firms (see e.g. Walker, 2005).

One of the three main reasons for the formation of clusters provided by

Marshal (1890) is labor market pooling. Firms in a cluster benefit from a

reduction in labor search costs and better quality of matching between workers

and employees. As shown by Krugman’s (1991) seminal work, labor market

pooling benefits workers by increasing their wages. Agglomeration leads to

competition between firms which prevents workers from being subject to the

monopsony power of the firms (see Blasio, 2002). Labor market pooling will

also enhance knowledge diffusion among firms in the cluster through labor

mobility. As a result, labor market pooling will foster innovation and enhance

the cluster’s competitiveness (see Otto and Fornahl, 2010).

Based on observations from the Antofagasta mining region in Chile, Aroca

and Atienza (2011) point out that there is limited scope for spillovers and

diversification of production in the region because the local labor market

specializes in routine physical tasks and there is a reliance on long-distance

commuting to satisfy the demand for qualified workers (see e.g. Phelps

et al., 2015). Aroca and Atienza (2011) show that a significant amount of

resources that the mining industry generates in the Antofagasta region, goes

to other regions in wages earned by commuting workers. Hence, Aroca and

Atienza (2011) argue for regional policies to promote the attractiveness of the

peripheral regions. As noted by Phelps et al. (2015) the lack of thickness of local

labor markets signals the absence of Marshall’s labor market pooling external

economies. Hence, a lack of labor market pooling as in the Antofagasta region

in Chile will limit the potential for knowledge spillovers.

Host country governments often require multinational mining companies

to hire and train local workers. Training of local workers is, however, costly.

Teece (1977) defines technology transfer costs as: the cost of transmitting
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and absorbing all of the relevant unembodied knowledge. If local workers

lack basic technical skills, the cost of transferring this unembodied knowledge

will become too high and foreign firms may choose to hire skilled expatriates

instead of local workers. In many resource-rich Sub-Saharan African countries

there is a lack of technical skills; this phenomenon is largely accounted for

by the lack of local technical training facilities. African countries have the

highest percentage of social science and humanities graduates in the world, 70

percent compared to 53 percent in Asia. Education in these countries should

focus more on Science, Technology, Engineering, and Mathematics (STEM)

fields (see World Bank, 2014). In this way the cost of technology transfer is

lowered and the willingness of foreign multinational firms to hire and train

local workers will increase. Hence, it follows from the above that legislation

on hiring and training local workers must go hand in hand with a policy of

upgrading the basic skills of the local workforce. As more local workers are

hired and trained by multinational companies, knowledge spillovers through

the labor mobility channel will become more likely.

Knowledge spillovers may also occur when former employees of inter-

national mining companies start their own businesses. Farole and Winkler

(2014) show that in Chile 4.1 percent of the employees of international mining

companies start their own business often becoming suppliers to the mining

industry. The literature provides several reasons for why only a small number

of such initiatives are successful. One such possible explanation is the so

called "knowledge filter". A knowledge filter limits the efficient conversion of

new knowledge into economic activity (see Acs et al., 2004; Acs and Plummer,

2005). Hence, the factors that prevent the exploitation of new knowledge

acquired while working for mining companies, form a knowledge filter. One

such factor is, for example, intellectual property rights protection which the

mining company may use in order to prevent workers from commercialising

their innovations (see Arias et al., 2014). Furthermore, financial constraints

may also prevent workers from creating new ventures.

Backward Linkages

The phenomena of outsourcing has made it possible for host country firms

to take part in the different segments of the supply chain of the natural
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resources sector. Often the largest share of the economic value distribution of

international mining companies are the payments to suppliers. For example,

43 percent of Anglo American’s economic value distribution in 2014 went

to supplier spending. Of the total supplier expenditure 14.7 percent ($1.8

billion) was spend with suppliers located in host countries (see Anglo American,

2014). FDI spillovers to local suppliers can occur through the labor mobility

channel as we have seen in the previous subsection but they can also occur

through backward linkages (see e.g. Newman et al., 2015). David and Wright

(1997) argue that between 1850 and 1950 the US was able to create wide scale

industrial development through forward and backward linkages to mining.

Furthermore, Aragón and Rud (2013) analyzing a large gold mine in Peru find

positive spillovers due to an increase in local procurement. Due to higher

demand from multinational affiliates, local suppliers may benefit from scale

economies and suppliers may upgrade their production management.

Local content policies aim to induce foreign multinationals to buy their

products from local firms. Some countries impose strict legislation on foreign

extractive companies that they procure products and services domestically. In

many Sub-Saharan African countries such as Zambia and Tanzania, legislation

on local procurement has led to local suppliers importing products on behalf

of the mining companies with no or only limited value addition by local

suppliers. Local firms may, for example, be representatives of international

suppliers. In Zambia 80 percent of local sourcing comes from intermediaries of

international suppliers. This so called window dressing of local supply through

imports with no local value addition, limits the possibility for the transfer

of knowledge and technology from foreign multinationals to local firms (see

Hansen, 2014). Aroca (2001) studies the impact of the mining sector on the

regional economy in Chile’s northern mining region. Aroca (2001) shows that

the output of the mining sector makes it the most important sector in the

region but the sector has low backward and forward linkages with the other

sectors of the economy and strongly depends on imports. Hence, the mining

sector is independent of the rest of the region’s economy. In order to spur

spillovers through the backward linkage channel, local value addition matters

rather than local ownership in supply, as the latter may lead to the emergence

of trading companies rather than manufacturing value addition with higher
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spillover potential. When suppliers add value locally, then multinational

mining companies will also have an incentive to transfer knowledge and

technology to domestic suppliers as this may improve the quality of supply

and reduce input cost.

Besides knowledge and skills transfer to suppliers, foreign multinational

companies may also make financial investments in suppliers. An example of

such a program is Anglo American’s Zimele program in South Africa. Besides

providing suppliers with technical training in order to improve the quality

of supply, Anglo American (AA) takes an equity share in these local firms

and provides a board member. As a result AA is involved in enhancing the

management and financing skills of locally owned firms. This knowledge allows

local companies to effectively manage their enterprise and attract funding also

after AA exits the company. A survey from 2005 showed that 72 percent of the

firms AA had invested in, survived 8 years or longer, while the majority of SMEs

in South Africa without such support fail within their first two years (see e.g.

Wise and Shtylla, 2007).

Developing a supply industry in extractives through backward linkages may

in turn result in the emergence of other sectors through horizontal linkages. An

example is South Africa’s mining equipment and services industry which has

played an important role in developing other sectors of the economy. Firms

supplying directly to the mines are the so-called Tier 1 companies. These

include consulting firms providing engineering, procurement, construction

and management services (EPCM), and Original Equipment Manufacturers

(OEMs). These suppliers have modified and adapted generic technologies

and products for use in other industries such as construction, agriculture, and

general manufacturing (see Walker, 2005).

Finally, providing inputs to international mining companies may also

enhance the export capacity of local firms. Farole and Winkler (2014) found

that assistance from foreign investors to local mining suppliers has helped

these suppliers to become exporters. Types of assistance include support

with implementing health, safety, environmental (HSE) and social conditions;

training of workers; providing advance payment. They show that a third of the

mining suppliers in Ghana has started exporting as a result of supplying foreign

mining companies and in Chile 42 percent of local suppliers started exporting
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as a result of supplying foreign mining companies. Foreign multinationals

with a presence in different countries will have valuable information about

possible export markets (see e.g. Aitken et al., 1997). As Krugman (1989) and

Clerides et al. (1998) show exporting involves fixed costs related to establishing

a distribution network, advertising, and acquiring market information. A

multinational partner located in the host country can provide domestic firms

with this information (see e.g. Greenaway et al., 2004). Furthermore, when a

local firm supplies a foreign multinational, it may in the future start providing

inputs for the operations of this multinational in other countries as well.

One such example is Prodinsa, a Chilean supplier of steel cables for BHP

Billiton’s electromechanical shovels in the Escondida mine. Prodinsa was able

to increase the shelf life of the cables by 40 percent and the company now

exports its solution to the Antamina mine in Peru of which BHP Billiton is one

of the owners (see BHPB, 2012).

However, Arias et al. (2014) show that domestic mining suppliers in the

Antofagasta mining region in Chile, are characterised by their limited export

capacity and their high level of imports. Arias et al. (2014) show that only

10 percent of mining suppliers in the Antofagasta region exported overseas

and at the same time 66 percent of the mining suppliers import solely to meet

the needs of large mining companies (see Bas and Kunc, 2009; Arias et al.,

2014). Hence, these findings contrast with those of Farole and Winkler (2014).

However, Arias et al. (2014) also note that the SMEs in the Antofagasta region

have a greater level of export orientation than the SMEs in the rest of the

country. One factor mentioned in the literature that prevents local suppliers

from benefitting from mining activities is, the monopsonistic structure that

predominates in mining regions. Competition among a large number of

domestic SMEs for a small number of big clients can negatively affect SMEs.

Monopsonistic behavior can, for example, lead to delays in payments, price

fixing, and reductions in small providers revenues. As suggested by Atienza et

al. (2012) achieving more stable relationships between mining companies and

suppliers will enhance collaborative agreements and foster vertical technology

transfer.
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R&D collaboration

The main argument for the necessity of public policy to stimulate private R&D

is provided by Arrow (1962) and Nelson (1959). They show that knowledge

generated by one firm’s R&D effort can be freely used by other companies.

Due to these technological spillovers, firms are unable to fully appropriate the

benefits from their R&D efforts and this reduces their incentive to invest in

R&D. Hence, the social rate of return to R&D investment is higher than the

private rate of return. This implies under-investment in R&D, relative to the

social optimum. In order to internalize knowledge spillovers, public policy

encourages R&D collaboration between firms. A large theoretical literature

which includes studies by Katz (1986), d’Aspremont and Jacquemin (1988),

and Kamien et al. (1992) shows that in case of relatively large technological

spillovers, R&D collaboration enhances social welfare. Firms cooperate in

so called Research Joint Ventures (RJVs) in which they internalize knowledge

spillovers by sharing the knowledge obtained through their joint R&D efforts.

Furthermore, by collaborating in R&D, partners prevent duplication of R&D

efforts.

R&D partnerships have also played an important role in South Africa’s

mining industry. South Africa’s mining equipment and services supply industry

has a number of firms operating at the global technological frontier. Beginning

in the 1960s the cooperative research institute of the mining industry (COMRO)

undertook several R&D initiatives to develop technologies which allow for gold

extraction from deposits that are located deeply below surface. Its aim was

to have local equipment manufacturers produce these technologies. While

overseeing the development of this new equipment, COMRO outsourced some

of its R&D to equipment suppliers, other research organizations, and South

African universities (see Pogue, 2008). This research led to the development

of different hydraulic equipment in which the country is a world leader.

Furthermore, the country is now a regional hub in Southern Africa for supplying

different kinds of equipment and services to the mining sector.

An example of a successful collaborative research program in the mining

sector is BHP Biliton’s Cluster Program for the Development of World-Class

Suppliers in Chile. This program aims for close collaboration between BHP

Billiton (BHPB) and local suppliers in order to develop innovative solutions in
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mining. By 2013 BHPB had operated 43 projects with 36 suppliers participating.

These suppliers had a combined sales of $400 million and around 5000

employees. BHPB has invested over $50 million in the program, which is

less than half of the estimated savings resulting from the innovations (i.e.

$121 million) (see e.g. Porter, 2014). One of the successes of the program

is the solution developed by the above mentioned producer of steel cables,

Prodinsa. Another company, Biohydro.cl., was given the task to automate the

wetting phase in the copper leaching process. BHPB’s goal was to minimize the

exposure of operators to acid mist and to reduce the variability of the wetting

phase process. By the end of 2012, Biohydro.cl had reduced the variability of

the wetting phase from seven percent to less than one percent. Furthermore, it

reduced water consumption and increased mineral recovery. Micomo, another

local supplier that develops communication and information solutions for

the mining industry, developed an innovative forecast system. The software

it developed assesses a combination of elements such as weather, geography,

and operational activities to predict potential dust emissions from mining

activities. It can predict with 75 per cent accuracy the likely level of dust output

up to 48 hours in advance of planned mining activities. The software reduced

the need for costly last-minute changes in BHPB’s work schedule.

According to Phelps et al. (2015), however, the available data shows that

the mining services supply industry is concentrated disproportionately in

the Santiago-Valparaiso area rather than the mining region of Antofagasta

itself. While, the Antofagasta region accounts for 50 percent of national mining

production, 77 percent of the mining suppliers that have participated in the

world-class suppliers program are located in the capital city Santiago or in

nearby cities, and only 15 percent of the firms come from Antofagasta (see

Fundación Chile, 2014; Phelps et al., 2015). Based on the fact that SMEs

from the Antofagasta region are specialized in ancillary and routine tasks,

Phelps et al. (2015) note that R&D activities by these firms are marginal. The

technological distance that this creates between the mining companies and

suppliers, will reduce the possibility of R&D cooperation because mining

companies will not perceive enough benefits from this collaboration (see

Phelps et al., 2015).

When, local firms are active in R&D themselves they create the capacity to

benefit from technological spillovers emanating from multinational mining
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companies. For instance, at the end of the 1960s, Chile’s state-owned mining

company Codelco was only able to benefit from technology transferred by

US mining company Kennecott after a long process of engaging in research

and development. Kennecott introduced a new smelter technology at its El

Teniente mine as part of an experiment to increase production. Following the

nationalization of foreign-owned mining projects in 1971, Codelco became

the owner of the El Teniente mine. However, the new smelter technology

was only used by Japanese and Canadian firms and Codelco did not have the

knowledge and capacity to service the technology. To resolve this problem,

Codelco engineers worked closely with Japanese counterparts and eventually

mastered the new technology. In 1976 the Chilean engineers even improved the

smelting technology by: increasing energy savings, increasing the treatment

capacity, reducing equipment requirements, lowering handling material costs,

and reducing air pollution. In 1988 Codelco exported the smelter technology

to Zambia.48

5.3 Mining automation: threat or opportunity for FDI

technology spillovers?

As mentioned in the previous section, host countries increasingly seek to bene-

fit from technology and knowledge spillovers from foreign direct investment in

their extractive industries by imposing regulations on foreign mining compa-

nies operating in their economies. Such regulations include obligations to hire

and train local workers, buy from local suppliers and advance local research

and development. In fact, more than 90% of resource-driven economies (from

a total set of 87) in 2011 had some form of local content regulation (see Dobbs et

al., 2013), intended to maximize retained value as well as strengthen prospects

for technology acquisition, even though such regulation is often banned by the

World Trade Organization’s Agreement on Trade-Related Investment Measures

and by bilateral investment treaties. Nevertheless, due to the profitability of

the investment opportunities international mining companies are accepting

such regulation.

48See Gana (1992) for a case study of Codelco’s experience with the smelter technology.
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Technological improvements in recent years have accelerated the process of

automation in different sectors. Industrial robots are expected to have a large

impact on productivity and employment, especially for activities involving

specific actions in well-known settings where changes are relatively easy

to anticipate (see e.g. Chui et al., 2016). Chui et al. (2016) expect that in

manufacturing 59 percent of all activities could be automated. However, Chui

et al. (2016) note that there is significant variance in the activities that can

be automated i.e. around 90 percent of what welders, cutters, solderers, and

brazers do can be automated, while for customer-service representatives that

feasibility is below 30 percent. Graetz and Michaels (2015) studying the impact

of industrial robots on employment in different sectors, find that robots did

not significantly reduce total employment, but did reduce low-skilled worker’s

employment share. As suggested by Graetz and Michaels (2015) areas that are

experiencing a particularly rapid expansion of autonomous machines include

medical robots, factory logistic systems, and self-driving vehicles.

In recent years, technological improvements have also accelerated the

process of mining automation. A study on mining automation by Cosbey et

al. (2016) shows which technological advanced are driving mining automation

in the near-to-medium term. These include automated haul trucks and

loaders, autonomous long-distance haul trains, semi-autonomous crushers,

rock breakers and shovel swings, and programmable logic controllers (PLCs).

PLCs are digital computers that improve the control of processes across the full

spectrum of industry activity. According to Cosbey et al. (2016), PLCs are the

most crucial in the automation revolution and the most important in taking

away semi-skilled on-site jobs.

A leading program in mining automation is Rio Tinto’s “Mine of the Future

Program,” which develops high-technology innovations at worldwide centers

of excellence. The company is now using autonomous trucks, autonomous

drill rigs and driverless trains; it expects to use robotic wheel-changing systems

in the near future. So, as a result of automation, fewer workers are needed at

mine-sites, and mining companies need high-technology equipment produced

by international mining suppliers. Based on conversations with industry

representatives, McNab et al. (2013) expect that the introduction of a fully

autonomous haul truck fleet would reduce the workforce of a typical open-cut,
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iron-ore mine by 30 to 40 per cent. Furthermore, Accenture (2010) expects

equipment automation in mining to reduce the number of equipment oper-

ators by up to 75 percent. Accordingly, to benefit from technology spillovers

from the operations of foreign mining companies with such technological

advances, host-country governments need to adjust their policies. Technology

and knowledge may spillover through several channels, including:

• Labor mobility, whereby local firm productivity increases as a result of

local firms hiring workers that were trained by foreign multinational

enterprises (MNEs), or when these trained workers start their own

businesses. Many of the senior skilled employees in South Africa’s

mining equipment and services industry, for example, developed their

knowledge and skills as technicians on mine sites and at research centers

(see Walker, 2005).

• Imitation, whereby local firms imitate foreign firm technologies or

management practices. Norway’s Statoil, for example, successfully

imitated management practices of Mobil, which at the time was Statoil’s

partner and the operator of the Statfjord oil field. Statoil created an

organizational structure that was closely modeled on Mobil’s, and Statoil

hired Americans for leadership positions (Ryggvik, 2010).

• Backward linkages, whereby foreign MNEs transfer knowledge and

technology to local suppliers to enhance the quality of inputs. For

example, BHP Billiton has invested over US$50 million in a supplier

development program in Chile. The investment is less than half of the

estimated savings (US$121 million) to BHPB resulting from the program

(see Porter, 2014). Innovative mining suppliers have emerged due to the

program: the local cable manufacturer Prodinsa developed a solution

for the snapping of steel cables on electromechanical shovels by using

BHPB’s mine site as a testing lab.

• Export, whereby local firms use the international network of MNEs to

access new markets abroad. For example, the link created between

Prodinsa and BHPB enabled Prodinsa to export its shovel cable solution

to BHPB’s operations in Peru.

While the increase in productivity due to autonomous equipment is

expected to generate higher income for mining companies and host country
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governments alike, jobs at mining sites will be lost. Automated equipment

technologies are used at operating centers often located at a large distance from

mining sites. To benefit from knowledge spillovers, local content regulation

on foreign companies’ mining operations in host countries should take these

advancements into account. Resource-driven economies may attract operating

and innovation centers that could lead to transfer and spillovers of high

technology. Rio Tinto, for example, has established its Analytics Excellence

Center in Pune, India. This is a joint center with information technology

service provider IGATE Patni. The center analyzes equipment data from Rio’s

worldwide operations to predict and prevent engine breakdowns and other

downtime events (Rio Tinto, 2015).

The existence of knowledge spillovers depends on the capacity of host

countries to absorb and utilize foreign firm technologies. So, for resource-

rich countries that are less developed it will be harder to attract research

centers. These countries may, however, attract operating centers if they make a

policy shift toward upgrading local technological and information technology

skills to levels that are needed for processing data and operating autonomous

equipment. Mining companies should contribute to upgrading these local

skills, by training their local workforce and through supplier development

programs. Mining companies themselves will benefit from such programs,

given that training of local workers increases their productivity and transferring

technology to suppliers enhances the quality of their inputs.

5.4 R&D cooperation and innovation performance: empiri-

cal evidence from South African mining

Data

Based on the South African innovation surveys of 2005, 2008, and 2012 we

model the probability of innovation as depending on R&D collaboration, as

well as traditional variables which are thought to affect innovativeness. The

period covered by these surveys is from 2002 to 2011. Hence, the surveys were

conducted during the commodities super-cycle. We estimate a pooled cross-

section with two year dummies because the data does not allow for a fixed or
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random effects panel structure. An insufficient number of firms takes part in

multiple rounds of the innovation survey. The South African innovation survey

is comparable to the European Community Innovation Survey and follows the

guidelines of the Organization for Economic Cooperation and Development

(OECD) and Eurostat. This enables international comparison of the different

indicators. The final sample contains 228 firms with 84 mining suppliers, 65

mining companies, and 79 downstream firms.

Table 7 provides some sample statistics. Of the total number of firms in

the final sample, 41% (93 firms) introduced product innovations (goods and

services) with 69 firms introducing new or significantly improved goods and 58

firms introducing new or significantly improved services. There were 54 firms

that introduced product innovations that were new to the market, while 62

firms introduced product innovations that were only new to the firm. Finally,

46% (106 firms) of the firms introduced process innovations (i.e. new methods

for the production or supply of goods and service).

Table 7: Sample statistics (number and percentage of firms)

Firms 228
Firms that introduced product innovations 93 (41%)
Firms that introduced new goods 69 (30%)
Firms that introduced new services 58 (25%)
Firms that introduced products new to the market 54 (24%)
Firms that introduced products new to the firm 62 (27%)
Firms that introduced process innovations 106 (46%)

Explanatory Variables

Three types of R&D partnerships are considered (i) R&D cooperation with

foreign competitors (R&D cooperation competitor); (ii) R&D cooperation with

foreign clients or suppliers (R&D cooperation Vertical); and (iii) R&D cooper-

ation with foreign universities or public research centers (R&D cooperation

UniPubresearch). Large-sized firms may have more resources and may more

likely introduce innovations. In order to control for size, the variable Size
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is included which is measured by the logarithm of the number of a firm’s

employees. The variable Continuous R&D takes the value of one if a firm

invests continuously in R&D and zero otherwise. This variable measures a

firm’s absorptive capacity. A firm’s absorptive capacity is its ability to benefit

from technology spillovers emanating from other firms or institutions (see

Cohen and Levinthal, 1990). The variable Skill is measured by the percentage

of workers with a university or technikon degree or diploma and serves as a

proxy for the skill level of a firm’s employees. Firms competing in the export

market are likely exposed to higher levels of competition. The binary variable

Export is included in order to capture the effects of competition intensity.

The variable Foreign is included in order to control for foreign ownership and

takes the value 1 if a firm is a subsidiary of a foreign multinational and zero

otherwise. The variable Costcontrols for financial constraints as obstacles

for the innovation process. This variable is measured by the average score of

importance of the following obstacles to the innovation process: no suitable

financing available internally; no suitable financing available externally; high

costs of innovation. Most of the firms in the final sample are active in the

mining sector but a small number of firms is active in the oil and gas industry.

Specifically, there are two service providers to the oil industry and three crude

oil refining companies.

Table 8: Product and process innovations by type of firm

% firms with % firms with
N ProductINN= 1 ProcessINN= 1

Mining & Quarrying 64 28 48
Suppliers 83 47 46
Downstream firms 81 44 46
Total 228 41 46

Table 8 provides the percentage of firms that introduced product and

process innovations by type of firm (i.e. supplier, mining company, or

downstream firm). While most firms in the final sample are suppliers it still

follows that suppliers have the highest percentage of firms that introduced

product innovations. Some suppliers provide machinery and equipment and

such companies may more likely introduce product innovations, compared
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to mining companies and downstream firms. To control for this, the variable

Supplier is included which takes the value of one if a firm is a supplier and zero

otherwise. The last two controls, Year05 and Year08, take the value of one if a

firm participated in, respectively, the 2005 and the 2008 survey. In Appendix

5.1 detailed definitions of the variables is provided.

Table 9: Descriptive statistics

Sample Mean if Mean if Mean if Mean if

mean ProdINN= 0 ProdINN= 1 ProcessINN= 0 ProcessINN= 1
R&D cooperation 0.066 0.022 0.129∗∗∗ 0.008 0.132∗∗∗

competitor
R&D cooperation 0.193 0.081 0.355∗∗∗ 0.033 0.377∗∗∗

vertical
R&D cooperation 0.083 0.037 0.151∗∗∗ 0.016 0.16∗∗∗

UniPubresearch
Export 0.596 0.489 0.753∗∗∗ 0.508 0.698∗∗∗

Supplier 0.364 0.326 0.419∗ 0.369 0.358
Cost 1.784 1.872 1.656∗ 1.716 1.862
Foreign 0.259 0.281 0.226 0.238 0.283
Size 4.863 4.492 5.401∗∗∗ 4.185 5.643∗∗∗

Skill 14.5 12.022 18.097∗∗ 12.5 16.802∗

Continuous R&D 0.241 0.104 0.441∗∗∗ 0.074 0.434∗∗∗

* significant at the 10 percent level

** significant at the 5 percent level

*** significant at the 1 percent level

Table 9 shows that the mean values of the three explanatory variables on

R&D cooperation are significantly higher for firms that introduced product

or process innovations than for firms without such innovations. The mean

values of Size, Skill, Export, and Continuous R&D are also significantly higher

for firms that introduced product or process innovations than for firms without

such innovations. However, the difference in means for the variable skill is

only marginally significant in case of process innovations. Although only

marginally significant, the mean value of the variable Supplieris higher for

firms that introduced product innovations compared to firms that did not

introduce product innovations but is not higher for firms that introduced

process innovations compared to firms without process innovations. The

difference in means of firms with and without product or process innovations

is not significant for the variable Foreign. Finally, although only marginally

significant, the mean value of the variable Cost is significantly lower for firms

that introduced product innovations than for firms without such innovations.
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Results

Table 10 reports the results from the probit regressions on different types of

innovations. Regression (1) shows the results of the probit regression on goods

innovation. Firms active in the export market and those that continuously

invest in R&D are more likely to introduce new or significantly improved

goods. With a marginal effect equal to 0.336, Continuous R&D investment

has a relatively large impact on the probability of introducing innovative goods.

Regression (2) shows the regression on service innovation. Firms with more

skilled employees and large-sized firms will more likely introduce new or signif-

icantly improved services. Furthermore, suppliers are more likely to introduce

new or significantly improved services compared to more downstream firms.

The variable supplier has the largest impact on introducing service innovations

(with a marginal effect of 0.144). This result is to be expected, given that

suppliers provide services such as engineering consulting services to mining

companies. Continuous investment in R&D has no significant effect on the

likelihood of introducing new or improved services. Hence, the absorptive

capacity of firms is less important for the introduction of new services than

for the introduction of new goods, while the skill level of employees is more

important for the introduction of new services (although the latter effect is

small i.e. a marginal effect of 0.00317). Finally, cost obstacles to the innovation

process have a significant negative effect on the probability of introducing new

services. However, the marginal effect of -0.00578 is relatively small.

The following two regressions distinguish between product innovations

that are new to the firm and product innovations that are new to the market.

Innovations that are only new to the firm can be considered to be ‘imitative’

innovations, while product innovations that are new to the market can be

considered ‘real’ innovations (see Sadowski et al., 2006). Regressions (3) and (4)

show that cooperative research with foreign-owned clients or suppliers has a

positive effect on the likelihood of introducing both ‘real’ and imitative product

innovations. R&D cooperation with vertical partners especially has a strong

impact on the likelihood of introducing products that are new to the firm (i.e.

a marginal effect equal to 0.240). R&D cooperation with foreign suppliers or

clients may enable a firm to acquire knowledge of how to develop products that

are already introduced in the market. The vertical partners may have gained
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Table 10: Results of probit regressions for product and process innovations

(1) (2) (3) (4) (5)
goods services newtomarket newtofirm process

R&D cooperation -0.0342 0.0940 0.0170 -0.118 0.220
competitor (0.0838) (0.0578) (0.0859) (0.169) (0.197)

R&D cooperation 0.132 0.0807 0.167** 0.240** 0.313***
vertical (0.100) (0.0558) (0.0750) (0.106) (0.0826)

R&D cooperation -0.154 -0.0552 -0.0475 -0.00619 -0.192
UniPubresearch (0.0977) (0.0809) (0.0664) (0.0763) (0.172)

Export 0.130** 0.0697 0.0611 0.0793* 0.00693
(0.0607) (0.0459) (0.0569) (0.0479) (0.0537)

Skill -0.000884 0.00317** 0.000504 -0.000158 0.00229**
(0.000738) (0.00147) (0.000533) (0.00126) (0.00110)

Foreign -0.0365 -0.0779 0.0173 -0.123* 0.00480
(0.0742) (0.0667) (0.0579) (0.0716) (0.0438)

Size 0.00456 0.0217** 0.00664 0.00868 0.0347**
(0.0189) (0.00882) (0.0137) (0.0173) (0.0141)

Supplier 0.0261 0.144*** 0.175*** 0.0108 0.0222
(0.0560) (0.0471) (0.0475) (0.0487) (0.0379)

Cost -0.0334 -0.0578** -0.0140 -0.0575** 0.0275
(0.0285) (0.0237) (0.0238) (0.0224) (0.0427)

Year05 0.0627 0.216*** 0.0550 0.172** 0.138**
(0.0631) (0.0647) (0.0607) (0.0812) (0.0687)

Year08 0.0326 0.113* 0.103 0.119 0.125**
(0.0614) (0.0604) (0.0653) (0.0845) (0.0603)

Continuous 0.336*** 0.0672 0.242*** 0.125* 0.352***
R&D (0.0445) (0.0550) (0.0573) (0.0716) (0.0664)
χ2 154.42 263.70 493.42 122.98 115.29
LL -111.327 -106.513 -95.008 -112.476 -115.488
N 228 228 228 228 228

*** significant at 1%, ** significant at 5%, * significant at 10%
Notes: Robust standard errors between brackets. The coefficients are the marginal
effect of the explanatory variable on the dependent variable, ceteris paribus.



5.4. R&D cooperation and innovation performance: empirical evidence from
South African mining 101

access to this information through their past or present dealings with firms at

the technological frontier.

Suppliers are more likely to introduce products that are new to the market

compared to more downstream firms but not more likely to introduce imita-

tive innovations. Furthermore, the absorptive capacity of firms, proxied by

continuous investment in R&D, has a significant effect on both the likelihood

of introducing products that are new to the market and the likelihood of intro-

ducing imitative innovations. However, the impact of continuous investment

in R&D is stronger for real innovations than for imitative innovations i.e. a

marginal effect of 0.242 in the former case and a marginal effect of 0.125 in the

latter case. These findings are in line with the results that follow from the case

studies addressed above which show the introduction of product innovations

new to the market, as a result of R&D collaboration between local suppliers

and foreign customers (see e.g. BHP Billiton’s supplier development program).

Regression (4) also shows that foreign firms are less likely to introduce imitative

innovations compared to domestic firms (with a marginal effect of -0.123). This

may be a result of the fact that foreign firms are closer to the technological

frontier and are less active in imitative R&D efforts compared to domestic

firms.

Regression (5) reports the results of the probit regression on process

innovation. R&D cooperation with suppliers or customers and Continuous

R&D which measures a firm’s absorptive capacity, both have a significant effect

on the probability of introducing process innovations. Furthermore, firms with

more skilled employees and Large-sized firms are also more likely to introduce

process innovations. The largest impacts are again from continuous invest-

ment in R&D (i.e. a marginal impact of 0.352) and vertical R&D cooperation

(i.e. a marginal impact of 0.313).

Finally, it follows from the above that, while R&D cooperation with cus-

tomers or suppliers has a significant effect on the probability of introducing

both product and process innovations, R&D cooperation with foreign competi-

tors or foreign knowledge institutions does not have a significant effect on the

innovation performance of firms active in the mining sector.
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5.5 Concluding remarks

In order to enhance knowledge and technology spillovers in the mining sector

host country governments require multinational mining companies to hire

and train local workers, to source goods and services locally, and to engage in

cooperative research domestically. This paper aims to find the determinant

factors of product and process innovations by firms active in the natural

resources sector.

It is shown that companies active in the natural resources sector will more

likely introduce product or process innovations if they engage in cooperative

research agreements with foreign customers or suppliers. By cooperating with

vertical partners technological externalities are internalized and the innovation

performance of firms active in South Africa’s mining sector improves. Further-

more, mining suppliers are more likely to introduce product innovations that

are new to the market compared to more downstream firms. Many resource-

rich countries require international mining companies to procure goods and

services from domestic firms. However, in different developing countries this

has not led to the desired effect. Instead, in these countries local firms import

intermediate inputs, with no or limited local value addition. To spur spillovers

through the backward linkage channel, local value addition matters rather than

local ownership, as the latter may lead to the emergence of trading companies

rather than manufacturing value addition with higher spillover potential. It

is local value addition in supply which is conducive to R&D collaboration

between multinational mining companies and domestic suppliers. Such

cooperative research agreements can lead to the development of innovative

goods and services by domestic mining suppliers. These innovations which

are new to the market may in turn enable local mining suppliers to enter into

export markets.

The innovation performance of natural resources firms also highly depends

on the absorptive capacity of these firms. The absorptive capacity of a firm is its

ability to benefit from technological externalities that emanate from other firms

and it is measured by a firm’s own investment in research and development.

Finally, the skill level of a firm’s workers is an important determinant for the

introduction of new or improved services. Hence, besides the often imposed
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regulation on international mining companies, host country government

policy should aim to improve local technical skills and should stimulate

research initiatives by domestic firms. Besides host country governments,

natural-resources firms play an important role in developing these local skills,

by training their local workforce and through supplier development programs.

Finally, in recent years, technological improvements in the mining industry

have accelerated the process of mining automation. As a result, fewer work-

ers are needed at mine sites, and mining companies need high-technology

equipment. In order to cope with mining automation resource-rich countries

need to transform their policies and aim to attract mining operating and

research centers. One way to do this is by refocusing towards upgrading local

technological and information technology skills to levels that are needed for

processing data and operating autonomous equipment.

Our analysis focusses on the effects of cooperative research agreements on

the innovation performance of firms active in the mining sector. Hence, finding

the factors which determine whether natural-resources companies will engage

in cooperative research agreements is beyond the scope of this paper and

should be addressed in future research. Finally, this research does not analyze

whether there is evidence for the age-old suspicion that firm collaboration in

Research and Development (R&D) may evoke collusion in the product market

(see e.g. Martin, 1995; Miyagiwa, 2009; Duso et al., 2014). This should also be

further addressed in future research.
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Appendix 5.1: The variables

Variable Description

GoodsINN Binary variable indicating if a firm introduced new or significantly improved

goods (1), otherwise 0

ServiceINN Binary variable indicating if a firm introduced new or significantly improved

services (1), otherwise 0

MarketINN Binary variable indicating if a firm introduced new or significantly improved

goods or services that were new to the market (1), otherwise 0

FirmINN Binary variable indicating if a firm introduced new or significantly improved

goods or services that were new to the firm

ProcessINN Binary variable indicating if a firm introduced new or significantly improved

methods for the production or supply of goods and services

Export Binary variable indicating if a firm exported (1), otherwise 0

Foreign Binary variable indicating if a firm is an affiliate of a foreign

multinational (1), otherwise 0

Year05 Binary variable which takes the value of 1 if the firm took part

in the 2005 survey

Year08 Binary variable which takes the value of 1 if the firm took part

in the 2008 survey

Size Number of employees (natural logarithm)

Cost Mean of the scores of importance of the following obstacles to the innovation

process [number between 0 (factor not experienced) and 3 (high)]: (1) no

suitable financing available internally, (2) no suitable financing available

externally, (3) high costs of innovation

Continuous R&D Binary variable indicating if a firm performed R&D continuously (1),

otherwise 0

Supplier Binary variable indicating if a firm is a mining supplier (1), otherwise 0

Skill Percentage of a firm’s employees with a university or technikon

degree or diploma

R&D cooperation Binary variable indicating if a firm collaborated on innovation activities with

vertical foreign clients or suppliers

R&D cooperation Binary variable indicating if a firm collaborated on innovation activities with

competitor foreign competitors

R&D cooperation Binary variable indicating if a firm collaborated on innovation activities with

UniPubresearch foreign universities or public research centers



CHAPTER 6
Summary and conclusions

This dissertation consists of five chapters on multinational firms, FDI policy,

and R&D cooperation. This dissertation studies how host countries can best

benefit from increasing inflows of FDI and it provides policy recommendations

on optimal FDI policy strategies. An important focus of this dissertation is on

FDI in resource-rich developing countries. Chapters 2 and 3 are based on a

game-theoretical model in which multinational firms compete in the product

market and strategically interact in technology transfer. The existing theoretical

literature on technology transfer mainly considers the entry mode of a foreign

firm into a market dominated by domestic companies (see e.g. Mattoo et al.,

2004; Ethier and Markusen, 1996; Markusen, 2001; Saggi, 1996, 1999). However,

numerous industries such as automobile, electronics, extractive and chemical

industries, are dominated by foreign multinational companies and national

firms play a less prominent role (see e.g. Markusen and Venables, 1998). Hence,

this dissertation extends the existing models by taking into account strategic

interaction among multinational firms in both technology transfer and the

product market stage.

Chapters 4 and 5 are empirical studies based on the South African inno-

vation survey. South Africa aims to move away from dependence on primary

resource production. The country has taken different measures to increase

public and private investment in R&D. It focuses on certain sectors such as

the biotechnology and the mining sector in which it aims to develop centers
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of excellence. Cooperative research agreements between firms, universities,

and suppliers or customers play an important role in the country’s strategy

to develop these centers of excellence.49 Hence, Chapter 4 studies which

firm and industry characteristics will determine whether cooperative R&D

agreements between firms and knowledge institutions take place. Chapter 5

studies which type of cooperative research agreements with foreign partners

in the mining sector result in product and process innovations. Chapter 5 also

shortly addresses the issue of mining automation which will likely become a

major issue in the future due to its effects on employment and growth.

In Chapter 2 a game-theoretical model is developed with a host country

government that either directly restricts the equity share of foreign firms or

imposes mandatory joint ventures with a domestic firm. The goal of this model

is to shed light on the relationships between foreign ownership restrictions,

technology transfer, and market structure. Chapter 2 shows that the host

country government can improve welfare by taking away the joint venture

equity share of the domestic firm. A similar measure was taken in 1984 by

the Norwegian government when it took away significant ownership shares

from the national oil company Statoil and started to manage these equity

shares through the Ministry of Oil and Energy. In Nigeria the Oil and Gas

Reform Implementation Committee (OGIC) proposed a similar framework

for Nigeria’s oil and gas industry but these policy recommendations have

not (yet) been implemented (see Thurber and Istad, 2010). One reason may

be that the Nigerian state-owned oil company has effectively prevented the

implementation of this policy which would reduce its profits. In line with these

findings international experience shows that the most successful national

resources companies are those that have limited noncommercial objectives

and are subject to competition from other companies (see Heller, Mahdavi, and

Schreuder, 2014). Norway’s national oil company, Statoil, and Chile’s national

mining company, Codelco, are two such examples. These companies have

long been exposed to international competition, encouraged by governments

expecting the efficiency of their state-owned companies to benefit from such

competition (see McPherson, 2010).

49The Innovation Policy Platform (IPP) South Africa STI Outlook 2016 Country Profile.
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Chapter 2 also provides a possible rationale for why FDI crowding out

effects are more often observed in more advanced countries than in less

advanced countries. Due to a lower skill level in less advanced countries,

transferring technology to these countries will be more costly (see Teece,

1977). As a result in more advanced countries, foreign multinational firms

will transfer relatively more technology to their subsidiaries which weakens the

competitive position of local firms. As a result of this higher level of technology

transfer the crowding-out effects are stronger in more advanced countries

than in less developed countries. The higher cost of technology transfer in

less developed countries may also explain why these countries are often the

preferred destination for outward FDI by emerging market firms. In case of

higher cost of technology transfer, an emerging market firm may more easily

compete with firms from advanced countries due to lower technology transfer

by the latter.

The game-theoretical model is further developed in Chapter 3 in order to

analyze the optimal mode of entry of a number of multinational firms into a

host country and to analyze the optimal strategy for liberalization of the FDI

regime. Strategic interaction among multinational firms in both technology

transfer and in the product market stage is taken into account and this leads

to a number of novel results. It is shown that higher local firm competition

increases technology transfer by foreign firms in industries that typically use

less sophisticated technologies (e.g. manufacturing industries). Hence, in such

industries, policies that foster market entry by domestic firms may provide an

alternative to formal technology transfer requirements.50

Furthermore, acquisition as a mode of entry becomes more likely when

there are multiple MNEs entering into a host market. When the number of

foreign firms relative to the number of domestic firms increases, acquisition

will be the preferred mode of entry in case of both low and intermediate

levels of cost of technology transfer. This provides a possible rationale for

the surge in the share of FDI taking place through mergers and acquisitions

even in emerging market economies. Finally, it is shown that the level of

the cost of technology transfer provides a possible rationale for the often

50Kokko and Blomström (1995) show that formal technology transfer requirements are
negatively related to technology transfer.
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observed pattern of investment liberalization. Foreign firms are often first

allowed to compete with local firms and in a later stage of development, foreign

ownership restrictions are also removed. Chapter 3 shows that, when the cost

of technology transfer goes down, it is welfare enhancing to first allow foreign

firms to enter the market and compete with local companies. As the cost of

technology transfer decreases even further it will be welfare enhancing to also

remove foreign ownership restrictions. Hence, the results show that investment

liberalization should go in tandem with host country policies that lower the

cost of technology transfer such as, for example, human capital enhancement

policies. One of the shortcomings of the theoretical model, however, is that it

does not allow for analyzing asymmetric foreign firms. Analyzing asymmetric

foreign firms is beyond the scope of this dissertation and should be addressed

in further research.51

Based on the South African innovation survey, Chapter 4 analyzes the firm

and industry characteristics that determine R&D collaboration with knowledge

institutions. Industry-science research partnerships play an important role in

the process of technological catch-up (see e.g. UNIDO, 2005; Mazzoleni and

Nelson, 2007). The results show that South African firms that established a

subsidiary abroad will more likely collaborate in research with universities or

public research institutes. This is in line with the asset-exploiting motive for

FDI (see Dunning, 1979). Firms that internationalize their production, engage

in (cooperative) R&D in order to develop technological assets which they can

exploit by transferring these assets to their affiliates abroad. This technology

transfer will then improve the competitive position of their affiliates (see

Cantwell, 1989; Pearce, 1999; Narula and Marin, 2005). Hence, the government

may foster industry-science research partnerships by liberalizing the foreign

investment regime. Allowing more foreign firms to enter into the local market

and stimulating domestic firms to enter into foreign markets will increase the

competitive pressure on domestic firms and this may in turn induce local firms

to engage in cooperative research agreements with scientific organizations in

order to develop technological assets.

51The model could be extended along the lines of the literature on firm heterogeneity and
entry modes in foreign markets (see e.g. Nocke and Yeaple, 2007 and 2008; Bernard et al., 2003;
and Helpman et al., 2004).
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The results also show that foreign firms active in South Africa are less likely

to engage in cooperative research agreements with scientific organizations

compared to local firms. This is consistent with previous studies that show

that basic R&D which relies on scientific organizations is mainly done at the

headquarters and not in host countries. In line with studies done in more

advanced countries, Chapter 4 shows that larger firms and firms active in

the science-based industries are more likely to collaborate with knowledge

institutions and these research agreements may be used in order to share the

high cost of innovation. Furthermore, the results show that the use of publicly

available information is an important complementary innovation strategy to

R&D collaboration with scientific organizations. This implies that, besides the

traditional subsidies that governments provide for collaborative research with

science, governments may stimulate industry-science R&D collaboration by

investing more directly in knowledge institutions which will enhance the ability

of these organizations to generate publicly available information. Cooperation

with customers or suppliers is also an important complementary innovation

strategy to R&D collaboration with scientific organizations. R&D cooperation

with suppliers and customers typically involves applied research, while scien-

tific organizations are mainly active in basic research. Hence, the results show

that by engaging in more applied R&D in collaboration with vertical partners,

the marginal benefit of cooperation with knowledge institutions increases and

this induces firms to combine the two types of research partnerships. Hence,

when trying to induce firms to cooperate in R&D with scientific organizations,

it will be beneficial to also support the involvement of suppliers and customers.

R&D partnerships involving both vertical partners and scientific organizations

actually played an important role in South Africa's mining industry. Different

mining equipment technologies were developed through research partnerships

involving mining companies, suppliers, and scientific organizations (see Pogue,

2008).

Although only marginally significant, the results show that appropriability

concerns may form a barrier preventing R&D collaboration with scientific

organizations. This contrasts with findings from studies done in more ad-

vanced countries, where appropriability concerns do not prevent cooperative

research agreements with knowledge institutions but only with competitors or
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vertical partners. Hence, by improving the protection of intellectual property

rights, governments in developing countries may foster industry-science R&D

partnerships.52

Based on the South African innovation survey, Chapter 5 aims to find the

determinant factors of product and process innovations by firms that are active

in the mining sector. Resource-rich countries are increasingly aiming to benefit

from technology and knowledge spillovers in their extractive industries. In

order to enhance knowledge spillovers, host country governments require

natural resources companies to hire and train local workers, to engage in

supplier development programs, and to be active in cooperative research

agreements with local partners. Chapter 5 shows that companies active in

the natural resources sector will more likely introduce product or process

innovations if they engage in cooperative research agreements with foreign

customers or suppliers. Compared to mining companies and downstream

firms, mining suppliers are more likely to introduce product innovations

that are new to the market and the absorptive capacity of firms, proxied

by a firm’s own investment in R&D is an important determinant of both

product and process innovations. Finally, firms with more skilled workers

will more likely introduce new or significantly improved services. Hence,

the results show that host country government policy should aim to improve

local technical skills and stimulate local research initiatives by, for example,

bringing mining companies, suppliers, and public research centers together in

research consortia. This has proven to be an effective way to develop innovative

solutions in mining. Besides host country governments, natural-resources

firms play an important role in developing local skills, by training their local

workforce and through supplier development programs. A shortcoming of the

empirical analysis is that it only uses South African data which restricts the

generalizability of the results. Further research in other developing countries

(ideally using panel data) may provide further information on whether the

determinants of cooperative research agreements and innovation differ in

these countries from those in more advanced countries.

52Kim and Aguilera (2015) indeed show that emerging market economies are characterized
by ‘institutional voids’, which refer to the lack of market-supporting institutions such as
property rights protection.
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Finally, Chapter 5 addresses the issue of mining automation. In recent

years, technological improvements in the mining industry have accelerated the

process of mining automation. As a result, fewer workers are needed at mine-

sites, and mining companies need high-technology equipment. In order to

cope with mining automation resource-rich countries need to transform their

policies and aim to attract mining operating and research centers. One way to

do this is by refocusing towards upgrading local technological and information

technology skills to levels that are needed for processing data and operating

autonomous equipment.





Samenvatting (Summary in
Dutch)

Dit proefschrift bestaat uit vijf hoofdstukken over buitenlandse investeringen,

technologie overdracht door multinationale ondernemingen en samenwerk-

ing in Onderzoek en Ontwikkeling (O&O). Er wordt voornamelijk gekeken

naar buitenlandse investeringen gericht op het exploiteren van natuurlijke

hulpbronnen in ontwikkelingslanden.

In Hoofdstuk 2 en Hoofdstuk 3 wordt een spel-theoretisch model on-

twikkeld waarin meerdere multinationale ondernemingen actief zijn in een

land. Er is sprake van strategische interactie tussen deze ondernemingen in

zowel technologie overdracht als in de markt. Deze strategische interactie is in

voorgaande studies niet onderzocht en het in acht nemen van deze interactie

leidt tot een aantal nieuwe bevindingen.

Hoofdstukken 4 en 5 zijn empirische studies op basis van de Zuid Afrikaanse

innovatie enquête. Hoofdstuk 4 onderzoekt de determinanten van O&O

samenwerking tussen bedrijven en kennisinstellingen. Onderzoek laat zien

dat O&O samenwerking tussen bedrijven en kennisinstellingen van belang

kan zijn voor het maken van een technologische inhaalslag (zie UNIDO, 2005;

Mazzoleni and Nelson, 2007). Terwijl voorgaande studies voornamelijk hebben

gekeken naar de determinanten van O&O samenwerking in ontwikkelde

landen, onderzoekt Hoofdstuk 4 of in een ontwikkelingsland andere factoren

bepalend zijn voor O&O samenwerking tussen bedrijven en kennisinstellingen.

Vervolgens onderzoekt Hoofdstuk 5 welke vormen van O&O samenwerking

leiden tot innovaties in de mijnbouwsector. Er wordt zowel naar product- als

procesinnovaties gekeken. Tot slot gaat hoofdstuk 6 kort in op het fenomeen

van automatisering in de mijnbouwsector. De verwachting is dat in de
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toekomst automatisering een steeds grotere rol gaat spelen in de mijnbouwsec-

tor en dat automatisering een grote impact zal hebben op de vraag naar lokale

arbeidskrachten en de vraag naar lokaal geproduceerde goederen en diensten.

Hoofdstuk 2 vergelijkt doormiddel van het theoretisch model verschillende

vormen van restricties op buitenlands eigendom die vaak in de olie, gas

en mijnbouw sectoren worden toegepast. Hoofdstuk 2 laat zien dat de

overheid de welvaart in het land kan verbeteren door het ontnemen van

het eigendomsaandeel van de lokale (staats)bedrijf in joint ventures met

buitenlandse ondernemingen. Een soortgelijke beleidsmaatregel werd in

1984 genomen door de Noorweegse overheid toen het een significant aandeel

van Statoil in joint ventures afnam. De overheid begon het aandeel van de

overheid in joint ventures direct te managen en niet meer doormiddel van

de nationale olie maatschappij. Als gevolg van dit beleid kon de nationale

olie maatschappij zich richten op het managen van commerciële projecten en

concurreren met de buitenlandse ondernemingen. In Nigeria is een soortgelijk

beleidsmaatregel voorgesteld door een speciale commissie. Echter dit voorstel

is nooit geïmplementeerd. Het kan zijn dat de nationale olie maatschappij,

implementatie van dit beleid heeft tegengehouden door druk uit te oefenen op

de regering. Door dit beleid zullen de (korte-termijn) winsten van het bedrijf

namelijk afnemen.

In Hoofdstuk 3 wordt het spel-theoretisch model verder ontwikkeld om te

onderzoeken onder welke omstandigheden multinationale ondernemingen

een buitenlandse markt doormiddel van acquisitie zullen betreden en onder

welke omstandigheden deze bedrijven de markt doormiddel van directe

investeringen zullen betreden. Terwijl voorgaande studies voornamelijk kijken

naar de keus tussen acquisitie en directe investeringen door een enkele

multinationale onderneming, wordt er in Hoofdstuk 3 gekeken wat er gebeurd

wanneer meerdere multinationale ondernemingen actief zijn in de markt.

Hierdoor wordt strategische interactie tussen buitenlandse ondernemingen in

acht genomen. Hoofdstuk 3 laat zien dat wanneer strategische interactie tussen

buitenlandse ondernemingen in acht wordt genomen, betreding van de markt

doormiddel van acquisitie meer waarschijnlijk wordt. Lokale bedrijven in het

theoretisch model van dit proefschrift concurreren met meerdere multina-

tionale ondernemingen. De winst die deze lokale bedrijven zouden maken in
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het geval dat ze niet overgenomen zouden worden gaat door deze hogere con-

currentie omlaag. Acquisitie wordt hierdoor relatief gezien aantrekkelijker om-

dat deze winst de zogenaamde reserveringprijs is die buitenlandse bedrijven

moeten betalen voor acquisitie van lokale ondernemingen. Dit resultaat komt

overeen met wat de afgelopen jaren in de praktijk is gebleken. Multinationale

ondernemingen betreden buitenlandse markten steeds vaker doormiddel van

acquisitie in plaats van door directe buitenlandse investeringen. Daarnaast laat

het model zien dat het liberaliseren van de regelgeving omtrent buitenlandse

investeringen hand in hand moet gaan met het verlagen van de kosten van

technologie overdracht. Een verlaging in de kosten van technologie overdracht

kan bewerkstelligt worden door bijvoorbeeld investeringen in het menselijk

kapitaal. Het theoretische model toont aan dat naarmate de kosten van

technologie overdracht afnemen, het liberaliseren van de regelgeving omtrent

buitenlandse investeringen de welvaart bevordert. Het is bevorderlijk voor

de welvaart om eerst buitenlandse bedrijven in de markt toe te laten zodat

deze bedrijven kunnen concurreren met lokale bedrijven, terwijl buitenlandse

eigendomsrestricties in tact blijven. Pas wanneer de kosten voor technologie

overdracht voldoende zijn gedaald wordt het bevorderlijk voor de welvaart

om ook de eigendomsrestricties te verwijderen. Dit patroon van liberalisering

komt overeen met het beleid dat vaak in de praktijk door overheden wordt

toegepast.

Een van de tekortkomingen van het model is dat het niet instaat is om

asymmetrische multinationale ondernemingen te analyseren. Het analyseren

van asymmetrische multinationale ondernemingen kan in vervolgonderzoek

worden onderzocht door het model verder uit te breiden.

In Hoofdstuk 4 wordt doormiddel van de Zuid Afrikaanse innovatieen-

quête onderzocht welke factoren ervoor zorgen dat bedrijven samenwerk-

ingsovereenkomsten in onderzoek en ontwikkeling (O&O) aangaan met ken-

nisinstituten. In tegenstelling tot voorgaande studies wordt er in Hoofdstuk

4 ook onderzocht of bedrijven die in het buitenland actief zijn, meer of

minder waarschijnlijk zullen samenwerken met kennisinstituten in vergelijking

met bedrijven die geen dochteronderneming in het buitenland hebben. De

resultaten laten inderdaad zien dat Zuid Afrikaanse bedrijven die in het

buitenland actief zijn, meer samenwerken in onderzoek en ontwikkeling
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met universiteiten en onderzoeksinstituten. De mate van concurrentie in

buitenlandse markten spoort bedrijven aan om samen met kennisinstituten

actief te zijn in onderzoek en ontwikkeling, om zo de overdracht van inno-

vatieve technologie naar hun dochtermaatschappijen mogelijk te maken. Dit

betekent dat de overheid samenwerking in onderzoek en ontwikkeling kan

bevorderen door lokale bedrijven te stimuleren om in het buitenland actief te

zijn. Daarentegen laten de resultaten ook zien dat buitenlandse bedrijven die

actief zijn in Zuid-Afrika minder waarschijnlijk samen zullen werken in O&O

met kennisinstituten. Dit komt overeen met resultaten uit voorgaande onder-

zoeken die ook laten zien dat O&O samenwerking met kennisinstituten door

multinationale ondernemingen voornamelijk wordt aangegaan in het land van

herkomst en minder vaak in de landen waar de dochterondernemingen actief

zijn. Daarnaast laten de resultaten zien dat grotere bedrijven en bedrijven actief

in kennisintensieve sectoren vaker samenwerkingsovereenkomsten in O&O

aangaan met kennisinstituten. Deze samenwerkingsovereenkomsten worden

onder andere aangegaan om de hoge kosten van innovatie te delen. Daarnaast

is het gebruik van publiekelijk toegankelijke kennis zoals wetenschappelijke

publicaties complementair aan het samenwerken in O&O met kennisinstituten.

Overheden kunnen dus deze vorm van samenwerking bevorderen door direct

te investeren in kennisinstituten waardoor deze organisaties beter instaat

zullen zijn om publiekelijk toegankelijke informatie te genereren. Samen-

werking in O&O met toeleveranciers of klanten is ook complementair aan

samenwerking in O&O met kennisinstituten. Terwijl kennisinstituten zich

voornamelijk bezig houden met fundamenteel onderzoek, is het onderzoek

samen met toeleveranciers en klanten voornamelijk toegepast onderzoek.

Deze twee type vormen van samenwerking zijn dus wederzijds versterkend.

Bedrijven die meer samenwerken met toeleverancies of klanten zullen dus

meer profijt hebben van samenwerkingsovereenkomsten met kennisinstituten.

Hoewel slechts marginaal significant laten de resultaten ook zien dat ken-

nisspillovers een belemmering kunnen vormen voor het aangaan van O&O

samenwerkingsovereenkomsten met kennisinstituten. Dit betekent dat de

overheden in ontwikkelingslanden O&O samenwerking tussen bedrijven en

kennisinstellingen kunnen bevorderen doormiddel van verbeteringen in de

bescherming van intellectuele eigendomsrechten.
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In Hoofdstuk 5 wordt doormiddel van de Zuid Afrikaanse innovatieen-

quête onderzocht welke factoren leiden tot product of proces innovaties door

bedrijven die actief zijn in de mijnbouwsector. De bevindingen laten zien

dat samenwerking in O&O met buitenlandse toeleveranciers of buitenlandse

klanten leidt tot de ontwikkeling van innovatieve producten en processen.

De resultaten laten ook zien dat voornamelijk bedrijven die actief zijn als

toeleveranciers in de mijnbouwsector product innovaties op de markt brengen.

Daarnaast speelt de zogenaamde absorptie capaciteit van lokale bedrijven

(gemeten door hun eigen investeringen in O&O) een belangrijke rol in de

ontwikkeling van nieuwe producten en processen. Tot slot, de bekwaamheid

van lokale werknemers speelt een cruciale rol in het ontwikkelen van nieuwe

diensten. Dit betekent dat de overheid lokale innovatie in de mijnbouwsector

kan bevorderen door te investeren in het verhogen van het menselijk kapitaal

en door lokale O&O initiatieven te stimuleren en dan voornamelijk O&O initi-

atieven die mijnbouwbedrijven en toeleveranciers bijeen brengen. Naast de

lokale overheid is er ook een belangrijke rol weggelegd voor de multinationale

ondernemingen. Door lokale werknemers te trainen wordt het menselijk

kapitaal verhoogd. Daarnaast verbeteren multinationale ondernemingen de

kwaliteit van hun input doormiddel van kennis en technologie overdracht

naar lokale toeleveranciers. Deze kennisoverdracht zal de toeleveranciers en

de lokale economie vervolgens weer ten goede komt. Tot slot, Hoofdstuk 5

gaat kort in op het proces van automatisering in de mijnbouwsector. Deze

automatisering zorgt ervoor dat er steeds minder vraag zal zijn naar (lokale)

werknemers en dat er meer vraag zal zijn naar hoogtechnologische apparatuur

die niet gemakkelijk in de lokale markt ontwikkeld kan worden. Om met dit

proces van automatisering optimaal om te kunnen gaan is het van belang

dat het overheidsbeleid wordt aangepast zodat informatie technologische

vaardigheden ontwikkeld worden die dataverwerking en besturing van geau-

tomatiseerde apparatuur mogelijk maken.

Een tekortkoming van de empirische studies is dat deze volledig gebaseerd

zijn op Zuid Afrikaanse data. Vervolgonderzoek die gebruik maakt van data

uit andere ontwikkelingslanden zal verder duidelijk kunnen maken of in deze

landen de factoren die tot R&D samenwerking en innovatie leiden anders zijn

dan die in ontwikkelde landen.
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