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Abstract 
 
The purpose of this paper is to contribute to the relatively small pool of literature on the 
relationship between import competition and research and development (R&D). 
Understanding the effects of increasing competition from abroad may help 
policymakers pursue regulatory actions to protect industries who have lost their 
competitiveness. At the same time, high-technological firms should me more inclined 
to compete with foreign competition than low-technological firms, given that the former 
exhibit a more elastic demand curve and absorptive capabilities. We investigate the 
issue by looking at nine U.S. manufacturing industries from 1991 through 2014, using 
publicly available R&D data from the Business R&D and Innovation Survey and tariff-
level data from World Integrated Trade Solution. We use a long, balanced panel 
estimated with both OLS and GMM. Results show that increased import competition 
forces high-tech industries to respond with increased levels of R&D. Findings also 
suggest a positive, but smaller, increase in R&D spending among low-tech industries 
as well. 
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Sammanfattning 

 
Syftet med den här uppsatsen är att bidra till den växande skaran av litteratur gällande 
förhållandet mellan importkonkurrens och forskning och utveckling (FoU). Genom att 
förstå effekterna av ökad utländsk konkurrens kan beslutsfattare arbeta mot att 
implementera policyer med syftet att skydda industrier som har tappat sin 
konkurrenskraft. Samtidigt borde högteknologiska industrier vara mer angelägna att 
konkurrera med utländska företag än lågteknologiska, bland annat med anledning av 
att efterfrågan på högteknologiska produkter oftast har en högre elasticitet. Vi 
undersöker problemet genom att fokusera på nio amerikanska tillverkningsindustrier 
mellan åren 1991 till 2014. Data angående FoU hämtas från Business R&D and 
Innovation Survey och tariffnivåer från World Integrated Trade Solution. Vi använder 
oss av paneldata som skattas via både OLS och GMM. Resultaten visar att ökad 
importkonkurrens leder till högre resurser åt FoU bland högteknologiska industrier. 
Resultaten visar dessutom att även lågteknologiska industrier lägger mer pengar på 
FoU till följd av ökad importkonkurrens, dock mindre än den förstnämnde.  
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1. Introduction 
 

Competition has historically been considered as a disincentive for firms to innovate, as a smaller 

market share may induce businesses to scale down and focus on cost-reductions. Modern 

theory, however, has put more emphasis on measuring the profit post-innovation as compared 

to pre-innovation profit. A firm with a positive net gain should therefore invest in innovative 

activities, since investing in research and development (R&D) may lower marginal costs and 

open up new markets, hence increasing their chances to stay competitive.  

 

Nonetheless, the past decades’ increasing trade liberalization has encouraged researchers to 

focus on the effects of foreign competition on domestic firms. Clemenz (1990) argues that firms 

who experience a larger technological gap compared to its foreign competitors, should be 

protected, for instance by using tariffs or export subsidies, as in line with the infant-industry 

argument. However, firms with a smaller technological gap should be encouraged to compete, 

since an overall larger market size will yield higher returns. 

 

Consequently, the historical surge in the U.S. trade deficit and increase in foreign competition, 

has inspired researches and policymakers to investigate structural effects on its domestic 

industries, as trade liberalization expands market opportunities but has also shifted production 

to countries characterized by cheap labor and worker abundancy. While the consequences on 

the U.S. labor market have been thoroughly scrutinized, with worker redundancy following 

declining demand, little attention has been drawn towards measuring firms’ strategic responses 

in terms of R&D expenditures. Investing in R&D has historically been among the most effective 

ways to introduce new products or increase productivity and could also be an effective move to 

counter foreign competition (Mansfield, 1984; Hombert & Matray, 2017). If U.S. firms respond 

to increased import competition by investing in R&D, is an important indicator of their 

willingness to compete with foreign businesses and could influence policymakers to protect 

industries who have lost their competitiveness. Also, if firms who invest in R&D continue to 

stay competitive, the strategic move could encourage other firms to do the same.  

 

Previous empirical research has mostly shown that larger firms respond more aggressively than 

smaller firms, as supported in the theoretical framework by Navas and Licandro (2011). For 

instance, Scherer and Huh (1982) find that in the short-run, R&D/sales ratios fall where larger 

firms act in a more competitive way. Autor et al. (2017) show that Chinese imports into the 

U.S. have had a total average negative effect on firms’ R&D investment decisions. However, 

there is a simultaneous reallocation of R&D funding towards larger and more productive firms. 

Their results are also confirmed in a paper by Xu and Gong (2017).  

 

The purpose of this paper is to measure how U.S. manufacturing industries have altered their 

R&D investments as a response to import competition. We will use tariffs as a proxy variable 

for trade liberalization considering that lower tariffs have triggered an inflow of new products 

into the U.S., decreasing market concentration and bolstered competition. Compared to similar 

research papers, this is a relatively new approach. We hypothesize that high-tech firms respond 

with higher levels of R&D investments compared to low-tech firms, when threatened by import 

competition.  

 

We limit this paper by focusing on conventional trade policy tools, i.e. tariffs. However, we 

include a small theoretical and empirical section on non-tariff measures to highlight some of 

the new obstacles to trade openness. We then empirically test our research question through an 

analysis of 2/3-digit SIC/NAICS industry-level data on R&D investments from 1991 through 
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2014. Instead of using the more recognized, but proprietary, Compustat database, we collect 

data from the publicly available Business R&D and Innovation Survey (BRDIS) since the 

former does not grant us access.1 

 

Furthermore, we will also examine if the response differs between high-tech and low-tech 

industries, as based on technology definitions defined by the United Nations’ International 

Standard Industrial Classification (ISIC). Theory behind it suggests that high-tech firms, much 

like larger firms, should respond more aggressively as firm revenue is largely correlated to their 

R&D investments, as noted by Zietz and Fayissa (1992). Similar conclusions are presented by 

Lee (2009) who suggests that market pressure is correlated to technological progress. The 

empirical results in both papers support their hypotheses.  

 

Our own findings show that high-tech industries respond aggressively with regards to increased 

import competition. Results indicate that a one percentage point reduction in tariffs increases 

R&D spending by 23 percent, whereas the manufacturing average across low-tech industries 

shows a modest 5 percent increase. We also find that an increase in revealed comparative 

advantage (RCA) has a positive effect on R&D expenditures. With support from a substantial 

amount of theory, we will discuss these results and provide possible explanations. 

 

1.1 Sustainability 
 

The Organization for Economic Co-operation and Development (OECD) defines sustainable 

development as the following: “Development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs.” It is built upon three 

pillars, i.e. economic, social and environmental, which encourages the analysis and recognition 

that the three notions are inter-related (OECD, 2008). Although the definitions are vague and 

subject to controversy, there are some general ideas regarding what they mean. For instance, 

the concept of economic sustainability refers to an economy’s ability to support economic 

development at a specific and defined level of living standard. Social sustainability is the 

functioning and development of social well-being to optimize the quality of life in a society. 

Lastly, environmental sustainability is the ability to sustain the use of both renewable and non-

renewable resources, in addition to pollution, indefinitely (“Sustainability,” 2014).  

 

From a sustainability perspective we acknowledge the fact that trade liberalization encourages 

more trade and production, generating a negative environmental impact through pollution and 

resource depletion. However, trade openness pushes R&D towards creating new, more energy 

efficient products or processes, such as greener cars or more environmentally friendly food 

production. Increased trade will generally also improve welfare in an economy as products 

become cheaper, supporting economic sustainability. Technical spillovers from trade will also 

ensure that developing countries can begin their transition towards higher levels of living 

standards. As for the U.S., increased import competition has undeniably lead to redundancy in 

the manufacturing sector (Acemoglu et al., 2016). Hence, to mitigate these issues, the 

government could encourage more R&D in non-competitive industries or help with the 

reallocation of labor to other sectors, to support social sustainability. 

 

 

                                                 
1 SIC: Standard Industrial Classification – System for classifying U.S. industries, created in 1937. NAICS: North 

American Industry Classification System – Successor to SIC, released in 1997. BRDIS: Business R&D Innovation 

Survey – Annual survey established in 1957 that collects data on R&D activities in the U.S. business sector. 



 

3 

 

1.2 Outline 

 
The outline of this thesis is the following: Section 2 presents the theoretical framework on 

which our analysis is built on. It begins with both early and more recent literature on the 

relationship between competition and innovation, and continues with theories about 

comparative advantage, import competition and trade policy. In section 3 we discuss previous 

empirical findings closely related to our research topic and include a small section on the effects 

of non-tariff measures. Section 4 contains our hypothesis. In section 5 we explain the 

methodology behind our empirical work which results’ will be presented in section 6 along with 

a discussion. The paper ends with a conclusion in section 7.  

 

2. Theoretical framework 
 

The theoretical section of this thesis consists of previous work regarding market competition 

and incentives to innovate. Much of the earliest literature on the subject conclude that R&D 

spending and incentives depend on the market setting. Increased competition is generally 

regarded as problematic for firms who incur higher costs and are forced to scale down. 

However, investing in process R&D can greatly increase competitiveness as firms experience 

more cost-effective production. Despite different theoretical approaches, most of the literature 

build upon Schumpeterian theory on innovation.   

 

The theories applied to our research problem rely mostly on strategic interaction, import 

competition and industry characteristics with regards to their technological sophistication. We 

divide this section into five parts to give a broad overview of the subject.  

 

2.1 Early literature 
 

Arrow (1962) is one of the first to argue that incentives to innovate under perfect competition 

is reasonable given that the invention yields royalties or other forms of payments, which 

potentially could generate returns equal to a monopolist’s. The competitive setting in Arrow’s 

(1962) model suggests that the inventor can charge royalty for the usage of the invention. Under 

monopoly only the monopolist can invent, hence creating barriers to entry. Results suggest that 

incentives to innovate are less when the market structure is characterized by monopoly 

compared to competition. The theoretical framework shows that incentives by the monopolist 

is less than the cost reduction on output after the invention which in turn is less than competitive 

output. The argument follows that since innovation incentives under competition is the cost 

reduction on output, it is subsequently always higher than the incentives of a monopolist. 

 

Dixit and Stiglitz (1977) elaborate on a constant elasticity model. The general conclusion in 

such models predict that increased market competition would reduce gains after market entry 

and consequently lower incentives to innovate. These conclusions line up well with most of the 

theoretical literature regarding competition and innovation. 

 

Important contributions to this field have been made by Dasgupta and Stiglitz (1980) who 

acknowledge that the connection between industrial structure and R&D expenditure relies, not 

only on product competition, but also on competition in R&D. However, while competition in 

R&D is not associated with perfect competition, as heavily emphasized by Austrian economist 

Joseph Schumpeter, it must also be distinguished from monopolistic competition where the 

market power sustained by each firm is constrained by possible substitutes. Suppose a firm 
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experiences little competition due to strong property rights and therefore captures most of the 

market. Other firms will eventually invest in R&D to compete for the future market share. 

Consequently. the incumbent will increase its R&D spending to uphold its monopolistic 

position, hence competition in R&D has been set in motion.  

 

Earlier theory focused on determining whether company research is more essential in a 

monopolistic or more competitive setting. However, the distinction of different types of 

competition, i.e. product market or R&D has not been addressed, neither has the market 

structure been recognized as an endogenous variable. Hence, Dasgupta and Stiglitz (1980) 

conduct their own analysis of competition among industry-based firms and innovative activity, 

focusing on four main questions. First, theoretical results indicate that there is likely more R&D 

conducted under a monopolistic market environment than competitive, as patents make 

innovating lucrative. Second, overall research increases with competition and yields excessive 

R&D spending than what is socially optimal. Thirdly, a monopolist threatened by competition 

may increase the rate of R&D spending and sustain its position as competitors are deterred from 

entering the market. Lastly, the number of firms will generally depend on the uncertainty in 

outcomes. A monopolist would, however, always conduct efficient research but probably own 

too few research sites (Dasgupta & Stiglitz, 1980).  

 

2.2  Modern theory 
 

Modern reflections and analyses of Schumpeterian theory tend to be drawn more towards 

explaining the positive effects of innovation competition. Aghion et al. (2005) explain that 

incentives for firms to innovate is not only based on post-innovation profits, but rather the 

difference compared to pre-innovation profits. Therefore, increased competition would result 

in more innovation if profits before innovation are lower than the returns received after 

innovation. 

 

Aghion et al. (2005) use nonlinear estimation to examine the relationship between market 

competition and innovation.2 An inverted u-shape reflects the connection which suggests that 

there is balance between earlier mentioned opposing effects. The Lerner index is used as a 

proxy for competition, where a value of 1 in figure 2.1, suggests a perfectly competitive market. 

The limitation with the paper is that it solely includes U.K.-based firms and does not reflect 

international markets. Nevertheless, innovations by leaders may increase their profits and so 

conform to the escape-competition effect, while laggards will suffer from the Schumpeterian 

effect. Increased market competition, as measured by the Lerner index, is positively correlated 

with the number of patent applications up until a certain point, to later become negatively 

correlated, which explains the inverted u-shape (Aghion et al., 2005). 

 

 

 

                                                 
2 Scherer (1967) was the first to find a positive relationship when examining patents and firm size but also a 

decline above a certain threshold. 
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________________________________________________ 

 
Figure 2.1: U.K. patent applications/Lerner index (Aghion et al., 2005) 

 

 

Perhaps the most comprehensive literature review on innovation and its relation to market 

settings and competition is written by Gilbert (2006). His own work focuses mostly, however, 

on conditions of exclusive and non-exclusive intellectual property rights as incentives to 

innovate. The theory behind his reasoning is quite straightforward; an inventor seeks to protect 

the invention from being copied as lower appropriability would reduce potential profits. Still, 

there is controversy among researchers about which actor, the monopolist or firms exposed to 

perfect competition, who benefits the most. Again, it depends on the underlying circumstances.  

 

Furthermore, the non-exclusive property rights setting will risk the promotion of inefficient 

allocation of firm resources, as R&D spending may not yield a desired amount of innovation. 

Gilbert (2006) therefore concludes that R&D expenditures are a bad proxy for measuring 

innovation when inventors are not granted full property rights. However, incentives to invest in 

R&D depend on competition intensity, both pre- and post-innovation. 

 

Nonetheless, Gilbert (2006) develops a mathematical reasoning for an oligopolistic model 

which is described as follows: Consider a scenario of N identical firms which incur a marginal 

cost before innovation of c0. The product is homogeneous among all firms and sells at a price 

p. By committing to invest in process R&D, each firm can lower its marginal cost to c1 < c0. 

However, only firms that conduct successful R&D will compete with a lower marginal cost, as 

described by n ≤ N. The gross profit for each firm is thus represented by the following function:  

 

 

 𝜋𝑖(𝑐1, 𝑛) = (𝑝 − 𝑐1)𝑞𝑖(𝑝).          (1) 

 

 

Price is determined by the number of firms that apply the new process and produce the quantity 

qi(p). Suppose R&D is added as a cost to the function, represented by K, then the number of 

firms than can earn a profit from the investment is constrained by R&D investments of the firm.  

 

 

 1

𝑛
(𝑝 − 𝑐1)𝑄(𝑝) ≥ 𝐾. 

         (2) 
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Furthermore, the elasticity of demand for each firm is generally more elastic than that of the 

market. Maximization of one single firm will yield that 𝑒𝑓 = 𝑛𝜀, where n represents the number 

of successful firms and ε market elasticity. This suggests that 

 

 

 𝑝 − 𝑐

𝑝
=

1

𝜀
=

1

𝑛𝜀
. 

 

 

         (3) 

Inserting equation (2) into (3) will give us 

 

 

 𝑛𝐾

𝑝𝑄
=

1

𝑛𝜀
. 

 

 

         (4) 

The left-hand side of the equation represents the intensity for the industry, as defined by total 

R&D divided by total revenue. On the right-hand side we see that more firms investing in R&D 

lead to less overall R&D intensity. The theoretical conclusions one would draw is that industries 

composed by fewer firms exhibit a higher level of R&D intensity. However, as Gilbert (2006) 

eventually points out, market concentration alone does not affect R&D intensity as other 

factors, including industry characteristics and technology, determine the equilibrium.  

 

Another researcher is Vives (2008) who sets out to measure the impact of competitive pressure 

on R&D spending. Two groups are formed to represent restricted and free market entry. 

Competition is in both cases measured by the degree of substitutability and market size, but 

also to which degree the free market allows for entry. Results show that restricted entry leads 

to less R&D spending for cost-reduction with an increasing number of firms, but an increase in 

process R&D spending during growing substitutability. Results in the free entry group showed 

almost the opposite, where an increase in market size would motivate an increase in R&D 

spending for reducing costs and most likely also increased expenditure on product innovation. 

Vives (2008) thus concludes that the impact on R&D expenditures depend on the market 

structure. 

 

Lee’s (2009) article also aims at explaining the effect of increased market pressure on firms’ 

R&D incentives. The model assumes a monopolistic competitive industry where firms are 

heterogenous in either R&D capability of productivity. Intuitively, firms who are 

technologically more advanced acts as a proxy for R&D productivity since such firms may 

exhibit higher absorptive capacities. The intensity of industry R&D is dependent on 

technological advancement and consumer preferences with regards to quality and price, 

described as a demand-pull and competence-push model. The theoretical model predicts that 

the effects of competitive market pressure are gradually determined by technological 

competence. Firms in high-tech industries will generally undertake a more aggressive strategy 

while firms in opposing industries, i.e. low-tech, react passively. Customer utility is also 

accounted for as higher quality elasticity, as compared to price, induce firms to hostility (Lee, 

2009).   
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2.3 Comparative advantage  
 

The concept of revealed comparative advantage (RCA) refers to the calculation of relative 

comparative advantages or disadvantages by examining a country’s trade flows in either goods 

or services. It is more commonly referred as the Balassa index, developed in the 1960s by Béla 

Balassa, and builds heavily on the Ricardian trade model and seeks to capture and compare 

inter-country performance differences in export flows (Balassa, 1965). However, it has been 

criticized for lacking a proper theoretical framework for empirical analysis and fails to include 

other factors that may affect trade performance, such as trade barriers, shocks, consumer 

preferences etc. The intuition regarding trade flows and comparative advantage under a friction-

less setting, is that countries export goods in which they can produce comparatively better than 

its counterpart. Of course, this does not always hold as trade barriers and other disturbances 

affect this equilibrium. However, this pattern does generally hold in bilateral trade under 

specific conditions, hence the RCA has mostly been used as a guideline for trade policies, i.e. 

tariffs/export subsides, and its effect on domestic producers (French, 2017).  

 

Comparative advantage is not to be mistaken for competitive advantage. A country with a low 

relative cost in the production of goods, as compared to its international peers, possesses a 

comparative advantage. This assumption holds regardless of absolute advantage, i.e. lowest 

production costs. A simple explanation is that the comparative advantage of a domestic industry 

does not only depend on its productivity compared to other countries, but as well on differences 

in wage rates. Thus, the overall lower productivity in developing countries must generate lower 

wages compared to more developed countries. This does, however, not imply that they lack 

comparative advantages. While U.S. firms may be more efficient than its eastern counterparts 

in the production of high-tech goods and hence pay higher wages, sufficiently low wages in 

foreign low-tech industries give them the comparative advantage due to lower production costs. 

As a result, we would expect U.S. industries with a comparative disadvantage, i.e. low-tech, to 

focus less on innovation while firms in the high-tech industry focus on retaining its competitive 

position through R&D investments (Krugman, Obstfeld & Melitz, 2012). 

 

Siggel (2006) argues, however, that due to export subsidies or exchange rate imbalances, the 

RCA index is rather a measure of competitiveness than comparative advantage. Literature on 

international trade have made meager attempts to analyze the concept further and is mostly 

explained by the traditional Ricardian model of two industries and two countries. Economists 

have, however, contributed to explaining the source of that advantage, such as abundance 

(Heckscher-Ohlin), dissimilar levels of technology (Ricardo), large-scale production 

(Krugman) or the product life-cycle theory (Vernon). Therefore, the model by Balassa (1965) 

is often transformed to allow for other conditions not captured initially in its original form.  

 

2.4 Import competition 
 
Clemenz (1990) investigates two different views from members in the European Economic 

Community regarding the best response to international competition. The German view 

suggests that increased international competition would stimulate R&D spending among 

domestic firms, while the French view advocates a more protective approach, arguing that 

domestic firms need time to catch up superior foreign competition. This is in close relation to 

the infant industry argument by Alexander Hamilton in 1790.  

 



 

8 

 

The theoretical equilibrium indicates that an adequately small technological gap between 

domestic and foreign firms will lead to increased R&D spending as higher returns are expected 

due to a larger market size. A larger gap will instead yield the opposite effect, discouraging 

further innovation. In this scenario, temporary trade barriers will perhaps be preferable in line 

with the French view, as suggested by Clemenz (1990). 

 

Clemenz (1990) concludes, however, that there may exist strategic reasons for modest R&D 

investments than a shortage of opportunities. R&D investments in a poorly competitive industry 

is most likely an unprofitable affair, reducing overall incentives as the outcome is deemed too 

uncertain. Hence, the decline in exports by low-tech industries in western countries is naturally 

caused by their weakening comparative advantage.   

 

The analysis in this paper will largely benefit from Clemenz’s (1990) discussion about 

competitiveness among firms. The increasing trade deficit in the U.S. is thought to be the result 

of redundancy in the low-tech manufacturing industry. Firms cease operation or scale down 

without committing to compete with foreign firms. The overall effects on R&D spending will 

thus perhaps depend on the negative effect from low-tech industries.  

 

Furthermore, among the first to investigate the connection between trade liberalization and 

innovation were Grossman and Helpman (1991), who develop a more general model in which 

they analyze the benefits of open trade on economic growth. In the long run, accumulated local 

research will have a larger contribution to the knowledge stock than trade experience, hence 

trade policies will have limited effect on the long-term growth rate. However, the transition 

towards the steady-state may be affected by policies that promote or discourage foreign 

interaction, such as tariffs or subsidies, consequently affecting growth and learning. To 

simplify, Grossmann and Helpman (1991) therefore develop a graphical model to investigate 

policy impact on the long-run growth rate. First, consider a situation of a positive exogenous 

shock to knowledge capital intensity, ϕ=K/n, causing both an outward shift of the long-run 

resource constraint, represented by RR, and the steady-state no arbitrage, as described by ΠΠ. 

The latter constitutes a larger shift than the former. Accordingly, the steady-state growth rate g 

must rise, and intermediate production X must fall, as shown in figure 2.2. 

 

 

 
_______________________________________________ 

 
Figure 2.2: Intermediate production/technological growth rate (Grossman & Helpman, 1991) 
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Furthermore, suppose a tariff reduction would expose the economy to more trade and so import 

competition. Due to consumers preferences being homothetic, i.e. can be explained by a utility 

function of the form a * u (x, y), consumption of an arbitrary good Z is proportional to gross 

national product, Y, which in turn is proportional to intermediate production, X. Consumers who 

substitute domestic goods for foreign goods thus encourages a fall in both Y and X. As trade 

volumes increase, the ratio between current varieties of goods and aggregated quantity 

increases, which encourages more R&D. This is because the cumulative trade volume to 

varieties, denoted by T/n, causes knowledge capital intensity, ϕ, to rise, boosting productivity 

in innovative activities. Consequently, a tariff reduction will generally increase welfare in the 

economy (Grossman & Helpman, 1991). See appendix for further discussion.  

 

Another important article for this paper was written by Zietz and Fayissa (1992) who emphasize 

heavily on the underlying forces of R&D and market structure in relation to trade liberalization. 

Preferably, one would construct a model explaining different reactions to import competition, 

based on different values for the parameters. The absence of a general model for explaining 

R&D behavior, allows the investigation of effects on low-tech vs high-tech industries as an 

adequate compromise. Innovation opportunities and different international market structures 

should thus yield different results. The strength of the U.S. manufacturing industries in both 

sectors will allow us to add this strategy to analyze the differences in R&D investments between 

high-tech and low-tech industries. 

 

Differentiation between low- and high-tech industries can be achieved by exploring the 

differences in R&D intensity. Product R&D is directly associated with the demand curve 

shifting outward and is mainly important for high-tech industries that rely on product success, 

for example pharmaceuticals. Standardized products in low-tech markets, such as lumber or 

steel, provide small incentives for such firms to invest in product R&D (Zietz & Fayissa, 1992). 

 

Process R&D is also generally concentrated to high-tech industries, especially noticeable in 

firms at the top of the structure, as noted by Goto and Suzuki (1989). Firms engaged in high-

technology processes are forced to invest in process R&D themselves as they cannot rely on 

other industries. On the contrary, low-tech firms can invest in new technology and machinery 

invented by high-tech companies and so sacrifice their own process R&D. Hence there are no 

or very few incentives for low-tech industries to invest in either types of R&D.  

 

Nevertheless, increased competition plays a larger role in high-tech industries as R&D 

investments are largely correlated to their revenue. New technology or products can adversely 

affect the sales of a competitor. Spencer and Brander (1983) develop an oligopolistic market 

model which characterizes the development in such industries. As a part of strategic interaction, 

R&D is added to the profit function via firms’ general demand functions, which include the 

competitors’ and the incumbents’ R&D. The demand function for a high-tech firm can thus be 

expressed by:   

 

 𝑞 = 𝑞(𝑝, 𝑧, 𝑧∗, 𝑥∗),         (5) 

        −  + −  − 

 

 

where q is the firm’s output, p is price, z represents domestic product R&D, z* is foreign product 

R&D and x* is foreign process R&D. The signs below the variables represent the direction of 

their respective partial derivates.  
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The equation provides a possible explanation to increased high-tech industry competition, as 

an increased foreign investment in either product or process R&D would enable competitors to 

provide customers with better products and/or at a lower production cost. Domestic producers 

would accordingly experience declining demand if their responses were submissive. Moreover, 

increased production costs could also generate increased competition. Investing in process or 

product R&D could therefore balance the effect in which processes become more cost-effective 

and new product features retain customer demand (Zietz & Fayissa, 1992). 

 

The relatively scarce amount of literature regarding trade and competition has recently inspired 

researchers to investigate the consequences of free trade on firm productivity and R&D. Navas 

and Licandro (2011) build on earlier literature related to endogenous growth theory and 

examine strategic interaction under an oligopolistic Cournot setting. Their first assumption is 

that each one of two countries produces the same variety of goods. Trade liberalization will 

keep the number of varieties produced constant, but more firms will now compete in the 

production of these goods and therefore increase overall production. Larger firms will conduct 

more R&D as incentives for cost-reduction becomes greater.  

 

The outcome of the theoretical equilibrium shows that trade liberalization increases the total 

amount of firms in each market and lowers R&D costs, because of technical spillovers, which 

induces firms to innovate. Arguably, the Cournot setting is deemed most appropriate and 

exhibits a pro-competitive outcome given sector heterogeneity and limited product variety 

(Navas & Licandro, 2011).  

 

In conclusion, the increased market size under free trade incentivizes firms to innovate but 

stands in contrast to early theory on endogenous growth. However, this paper assumes that the 

two countries are identical, suggesting that the model is more appropriate in explaining effects 

within the European Union and not between developed and developing countries, as they 

probably will have different factor endowments and technology (Navas & Licandro, 2011). 

 

Long, Raff and Stähler (2011) also examine the effects of trade liberalization on the incentives 

of firms. Similarly, the authors use a Cournot setting with heterogenous firms. Their findings 

generate the conclusion that R&D spending depends on trade costs. High costs reduce overall 

industry R&D spending and the opposite for low costs. Trade liberalization will in the long-run 

force ineffective firms to exit the market, reducing the number of firms but raising overall 

productivity, hence creating positive welfare effects as often seen in trade models.  

 

2.5 Trade policy 
 

The gradual fall in tariffs and quotas since the late 1980s has generally been supported by the 

ambition of free trade and overall increased welfare. Trade liberalization will lower the world 

market price, compared to autarky, suggesting that domestic producers are faced with increased 

competition from abroad. A tariff increase, however, would reduce firm competition as 

consumers demand less imported goods because of higher costs. The net effect is equal to the 

increased government revenue minus the so-called Harberger triangles, which represent a 

‘waste’ of production, commonly known as a deadweight loss. Domestic production is hereafter 

increased by less efficient firms than their foreign competitors (Beugelsdijk et al., 2013). 

 

While many studies develop theoretical models under a Cournot or Bertrand setting, few have 

looked at the possible effects of protective trade policies, using tariffs or quotas as explanatory 

variables. Reitzes (1991) investigates the impact of both quotas and tariffs on firm R&D 
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investments through a Cournot duopoly model. The implementation of either a tariff or quota 

is found to result in two opposite effects. In the pure-strategy equilibrium, a restrictive quota 

will lower R&D levels compared to an equally large tariff which raises them. Moreover, under 

free trade the optimal strategy of each firm is to invest in more R&D. The commitment by one 

firm to increase output is usually signaled by investing in process R&D, which lowers marginal 

costs. Profits gained from such a move forces the other firm to reduce its output. Hence, a tariff 

exhibits a strategic move, while quotas serve as a connection between domestic R&D and 

foreign output. The conclusion drawn by Reitzes (1991) is that tariffs increase domestic output 

and R&D. 

 

A study by Cockburn et al. (1999) that analyzes the manufacturing sector in Mali compared to 

its neighbor, Ivory Coast, find that Malian producers are relatively competitive on their 

domestic market. Mostly due to high tariffs, but the authors conclude that trade liberalization 

would put serious pressure on local manufacturers. Mali’s comparative advantage is localized 

to both labor- and input-intensive work but fall behind in cost levels. However, the national 

protective trade structure negatively affects domestic producers who incur cost increases of 8 

percent, weakening their position on the home-market. Therefore, a trade policy overview by 

politicians may be preferred to mitigate the negative effects.  

 

Although the steady decline in tariffs and quotas has promoted increased trade among the 

world’s economies, the current biggest challenger of free trade takes the form of non-tariff 

measures (NTMs). These can be summarized as all non-price and non-quantity restrictions on 

the trade of goods, services and investments. The wide variety of limitations are thus controlled 

by border measures as well as domestic laws, regulations and practices. It is important to 

distinguish non-tariff measures from non-tariff barriers (NTBs). While the former is compliant 

with terms of the WTO, the latter is not (Beugelsdijk et al., 2013). 

 

3. Empirical literature review  
 

3.1 Import competition and R&D 
 

The development and outcome of different theoretical frameworks regarding firms’ responses 

to R&D when threatened by increased competition, is subject to both controversy and 

contradictions. Mostly, the effect depends on different assumptions such as first-mover 

advantages, monopolistic competition or Cournot vs Bertrand settings, but can according to 

Scherer and Huh (1992) be generalized into five notions.3 For instance, domestic firms are 

usually slow innovators but might respond aggressively when intimidated by competitors. In 

other cases, firms may cut back on R&D if its contender possesses a substantial lead. By using 

these notions, the main objective of their article is to analyze the effect on R&D spending in 

respects to high-technology imports. The authors use panel data of 308 manufacturing firms in 

the U.S. during 1971-1987. The hypothesis being tested is that firms change their R&D/sales 

ratios because of amplified rivalry. Results show unsystematic changes in the ratios and are in 

the long-run not affected by increased import competition. However, the short-run scenario 

                                                 
3 (1) In an endogenously determined market structure with quasi-rents and R&D costs, increasing the number of 

competitors may lead to higher or lower levels of R&D. (2) In an exogenous market structure, increased 

competition from symmetrical firms promotes higher R&D up to a certain threshold, where the reaction instead 

becomes submissive. (3) A large number of competitors will probably not yield passive responses, as R&D costs 

decline. (4) Domestic incumbents with strong market positions usually exhibit slow innovative traits but may act 

aggressively or preemptively if threatened by new entrants. (5) A substantial new-gained lead by one firm may 

induce competitors to cut back on their R&D.  



 

12 

 

shows falling R&D/sales ratios but inconsistent effects between companies. Large companies 

are by nature more exposed and respond more aggressively than smaller firms. In conclusion, 

the long-standing comparative advantage of U.S. firms, as experienced before the 1980s, is 

indeed becoming challenged by import competition (Scherer & Huh, 1992).   

 

Zietz and Fayissa (1992) develop a similar model by also looking at American manufacturing 

industries and their R&D levels. Following their theoretical reasoning mentioned previously in 

the theoretical section, their hypothesis suggests that low-tech industries are not affected by 

import competition compared to industries involved in high-tech. The data used consists of 

twenty manufacturing industries during 1972-1987. Firm level data regarding R&D spending 

are taken from Compustat. They acknowledge that successful empirical analysis is always 

dependent on a correct setup of the model to avoid statistical errors. They consider the fact that 

import competition might be a function of increased R&D spending and propose two 

alternatives. First, by using instrument variables they can account for any unwanted correlation 

between the explanatory variables and the error term, which may cause downward biased 

parameter estimations. However, by substituting import competition with other underlying 

factors, they ignore using instrument variables and set up a model suitable for ordinary least 

squares (OLS) estimation. The combination of time series for different industries is, however, 

cause for concern regarding the proper estimation model. Most common models include OLS, 

fixed effects model (FEM) or random effects model (REM). The latter is disregarded as the 

difference from the mean between industries does not appear to be random and seems unlikely 

to be non-correlated with the explanatory variables. Thus, both OLS and the FEM are used 

(Zietz & Fayissa, 1992). 

 

Results indicate that changes in the real exchange rate have a highly significant impact on firms 

in the high-tech industry and the opposite for low-tech. According to the authors, the regression 

therefore confirms their hypothesis. Results also suggest that this was to some extent applicable 

for their shipment variable but also unit labor costs. In conclusion, the empirical evidence 

suggests that import competition significantly affects R&D spending for high-tech industries in 

comparison to industries classified as low-tech (Zietz & Fayissa, 1992). 

 

Moreover, Lee’s (2009) conclusions support earlier research by using a simple model with 

multinational firm-level R&D data. Heterogeneity and surveys among firms allows for a more 

direct measure of competitiveness, unlike more conventional methods such as concentration 

ratios. The results indicate that firm-level response to increased competition relies heavily on 

its technological advancement, i.e. responses amid high-tech firms are more aggressive 

compared to firms in low-tech. As a result, policies in favor of trade liberalization, such as tariff 

reductions or export subsidies, can increase competition in an unfavorable manner in certain 

industries. However, firms already engaged in competitive markets, such as high-tech, appear 

to be more prepared for increased pressure and may raise their own competitiveness. In 

conclusion, the strategic capability among firms is essential in the dynamic environment of 

globalization (Lee, 2009).  

 

Teshima (2009) investigates the relationship between tariff reductions and plant-level R&D 

data in Mexico. The dataset used is somewhat unique due to two reasons. First, it includes firm 

investments on both product and process R&D. Second, classification of trade categories can 

be used together with output and input products to derive specific plant-level tariffs that can be 

controlled over time. However, the tariffs themselves are considered exogenous. Initial results 

indicate that the increased import competition induces manufacturers to increase overall R&D 
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spending. Findings also suggest that firms are more inclined to increase cost-efficiency through 

better processes as compared to investing in product R&D.  

 

Furthermore, recent literature from Autor et al. (2017) analyzes the effects of Chinese import 

competition on innovative activities in the U.S., as measured by the number of patent 

applications. Similar to recently published papers on the subject, the authors measure import 

penetration due to increased trade between the U.S. and China. Compustat is used to assign 

patent applications to each firm. However, problems with the database, as noted in other 

articles, include misspelled company names in patent applications, making it difficult to match 

the correct application to the right company. The authors’ workaround includes machine-

learning capabilities and an in-house developed algorithm to increase accuracy. The main 

findings suggest that larger firms, that are more exposed to import competition from China, 

reduce their patent applications. A way of minimizing firm exposure to trade is to change 

business model. For example, IBM sold its intellectual property back in 2004 to Lenovo. 

However, the company’s decision does not represent common practice as there is little evidence 

that firms make substantial changes to their core business when threatened by competition. 

Innovation is, nonetheless, not the key to surviving the fierce market as firms are required to 

reduce costs in relation to employees and R&D spending (Autor et al., 2017). 

 

In summary, the findings are in line with the theoretical approach developed by Dasgupta and 

Stiglitz (1980) regarding firm profitability. Increased import competition, resulting in 

contractionary measures, induce firms to slow down operations. 

 

Despite the increasing number of papers analyzing the effects of foreign competition on the 

U.S. labor market, literature regarding the potential effects on R&D expenditures are scarce. 

Xu and Gong (2017) also explore how increasing competition from China affects innovation 

among U.S. firms. Their theoretical approach suggests that competition should have little effect 

on innovative activities. Increased competition generally forces firms to invest more in R&D to 

differentiate their products from competitors. At the same time, a declining market share among 

domestic firms will cause them to lower their overall R&D spending. As suggested by Aghion 

et al. (2005), the net effect on R&D investments depends on the strength of each force. As we 

previously discussed, there is an inverted-u relationship between market competition and 

innovation incentives. The response by firms to increased import competition is heterogenous 

and depends on initial market power. 

 

Furthermore, the paper focuses on estimating reallocation of R&D that might occur due to rising 

Chinese import competition. By using firm-level data from Compustat, the authors conclude 

that there is a large and positive effect regarding reallocation of R&D expenditures. The results 

show that the reallocation is directed towards more productive and profitable firms. 

Conclusions drawn from the analysis suggest that the positive effects outweigh the negative 

and that there is no evidence supporting reduced R&D expenditures in the American 

manufacturing industry at the industry-level. Hence, the study does support similar results 

found by Autor et al. (2017), which suggest that there is a total average negative effect of 

Chinese imports on firm-level R&D. An increase of 10 percentage points in import competition 

leads to an average decline of 6.4 percent in R&D expenditures, with high-tech firms 

experiencing even bigger R&D reductions of 7.3 percent. However, data limitation usually 

constrains results to average effects and this conclusion exhibits two shortcomings. The first 

being the difficulty of measuring the impact among firms in the same industry. As for the 

second, the weight of firms is independent of their size which leads to limited information of 

the impact on R&D investments. The authors claim to mitigate these problems by looking at 
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intra-industry data and aggregate firm-level R&D investments. Their results suggest that the 

demand for researchers increases with import competition. Furthermore, the R&D reallocation 

can be observed by also looking at the labor market. Researchers in the manufacturing industry, 

which has been greatly affected by the increased trade with China, reallocates to service 

industries instead, such as business, repairs or financial/personal services (Xu & Gong, 2017). 

 

3.2 Non-tariff measures 
 

Even though NTMs and NTBs are by nature difficult to measure, some attempts to quantify 

their impact on trade and economic growth have been made. Berden et al. (2009) use NTM data 

for the European Union and the United States. Their approach relies on a general equilibrium 

analysis using the notion of Harberger triangles, i.e. deadweight loss, and the gravity model. 

Results indicate that the costs of trade are substantial and a reduction of NTMs would greatly 

increase welfare. In the most ambitious scenario, EU’s GDP could be 0.7 percent higher in 2018 

compared to doing nothing, while the GDP in the U.S. could be 0.3 percent higher. The 

difference originates from the fact that bilateral trade volumes and flows are different, as are 

their comparative advantages.  

 

Moreover, looking at the numbers on trade impact given a reduction of NTMs, results indicate 

potential increased exports in both the EU and the U.S., with 6.1 percent and 2.1 percent 

respectively. Open trade also suggests that net exports increase, improving their overall balance 

sheets (Berden et al., 2009). 

 

Furthermore, Jordaan (2017) examines the effects of NTMs on the Mauritian export market and 

concludes that export volumes are much lower as a result of the country’s trading partners’ 

restrictive import policies. By using a trade freedom index, created with average weighted 

tariffs and NTM-data, results show that a joint increase of one percent in tariffs and NTMs 

would reduce exports by 1.22 percent. If only measured by tariffs, the decrease would be 0.2 

percent. Additionally, results estimate the economic effects to be $2.524 billion in lost exports, 

over a five-year period, due to tariffs and NTMs. Looking over a three-year period and only on 

tariffs, lost exports account for $2.316 billion. The sole impact of NTMs are estimated to 

$208.478 million. Relative to Mauritian GDP levels in 2014, NTMs account for a yearly 

average loss of 0.465 percent in GDP. In conclusion, trade restrictions such as NTMs are in 

general costly for small exporting countries such as Mauritius. While tariffs are typically low 

among Mauritius’ trading partners, the addition of NTMs creates suboptimal high barriers. Its 

potential impact on Mauritius’ economic growth is therefore an important encouragement to 

policy changes (Jordaan, 2017). 

 

4. Hypothesis  
 

The theoretical framework section presents ambiguous conclusions regarding the effects of 

increased competition on strategic industry responses. Early literature conclude that increased 

competition will generally decrease incentives among firms if they suffer from high costs or 

slow restructuring processes, while more modern theories focus on comparing gains from 

innovation. Globalization has also shifted production of low-tech products to developing 

countries where labor is both cheap and abundant, creating a massive stream of products back 

to more developed nations. 
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Given developing countries’ comparative advantage, western low-tech industries may choose 

not to purse competition by raising their R&D spending, given the industries’ rather 

standardized products. However, they could still increase investments in R&D but that may 

follow a general trend rather than signaling an aggressive response to stay competitive. We 

therefore might expect some average positive effects looking at the manufacturing average. On 

the other hand, technologically more advanced high-tech industries can create differentiated 

products, through product R&D, to stay competitive and hence commit to strategic adjustments 

in response to import competition.  

 

Following the discussion above we set up our hypothesis. 

 

Hypothesis: High-technological industries will respond with higher levels of R&D investments 

compared to low-technological industries, when threatened by import competition.  

 

5. Methodology 
 

This section presents methodological issues encountered beginning with an explanation of why 

a quantitative approach is suitable. It will also provide a thorough presentation of the data used, 

along with a discussion on the econometric framework. We will also present the econometric 

model and how we mitigate common statistical problems.    

 

5.1 Methodological issues 
 

Understanding the differences between quantitative and qualitative research approaches can 

help with the decision of which method is the most appropriate. Quantitative research is often 

described as a static image of the social reality with emphasis on the relationship between 

variables. Changes between events over time are also usually presented in a mechanical way, 

compared to qualitative research which focuses on the connection between reactions in social 

situations and how that alters over time. Furthermore, the quantitative approach is often 

considered to be macro-focused, explaining large social trends, whereas qualitative studies are 

more fixated on small-scale limited aspects of reality, such as the relationship between different 

individuals. Quantitative studies are also associated with the use of numbers and corresponding 

methods to explain societal phenomena, where qualitative researchers instead use words to 

describe their analyses (Bryman & Bell, 2011). 

 

Given the nature of our chosen topic, the quantitate approach seems more appropriate as we are 

interested in changes over time in a numerical fashion. Its mechanical characteristics allows us 

to quantify these changes by looking at large scale interaction between different variables. 

Previous studies have reached the same conclusion and used the quantitate course. We therefore 

trust our own judgment in the assumption that such strategy is suitable for the research question.  

We also condone a survey-style approach due to time limitations and practical issues. All 

econometric analyses will be done in Stata. 

 
Ambiguous results from earlier literature suggest that measuring the impact of import 

competition is a difficult task. Theoretical analyses behind competition and innovation use 

different market settings to reach conclusions about potential outcomes. For example, the 

application of a Cournot setting is highly unlikely to represent modern trade patterns and market 

structure, which is why most empirical work condone such factors.  
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Furthermore, this paper examines the impact of import competition on industry-level R&D 

expenditures and does not aim to measure innovative output. Firms invest in R&D for both 

improved productivity, through process innovation, and improved or new products which 

suggests that R&D is a relatively poor proxy for innovativeness. Klomp (2001) finds, for 

example, that innovation input (R&D) and innovation output (% of innovating firms) is vaguely 

correlated, where Sweden and Finland stand out. However, innovation output is usually 

measured by patents, not by number of innovating firms, suggesting that Klomp’s (2001) results 

are based on a rather unconventional approach. Still, in this paper we intend to measure industry 

response in terms of input rather than output considering that R&D is perhaps still the most 

effective way to increase competitiveness.  

 

The validity of this study suffers from the same problems as in other studies. Different proxies 

for import competition, such as tariffs or import/export data, will most likely yield different 

results. Another disconcerting problem is the aggregation of data. Ideally, one would use a 

separate tariff for each industry down to the 6-digit level for increased accuracy. However, 

industry-level data is often aggregated to higher levels, suggesting that the effects will be more 

general. Neither is company characteristics, such as size or age, included in the dataset. Why is 

this a problem? Consider a very large firm in a specific industry. A larger firm will generally 

mean a larger R&D budget compared to smaller firms. In the event of increased competition, 

the larger firm may increase its R&D expenses (see Navas & Licandro, 2011), compared to 

smaller firms who may even reduce spending. Since industry-level R&D datasets often cannot 

account for firm size, the effects will be biased as the larger firm will constitute a larger portion 

of that industry. A paper by Grullon, Larkin and Michaely (2017) suggests that U.S. industries 

have indeed become more concentrated in the 21st century, resulting in fewer but larger 

companies.  

 

Moreover, we must consider that classification codes for goods are different. Tariffs are based 

on the internationally recognized Harmonized Commodity Description and Coding System 

(HS), maintained by the World Customs Organization (WCO). On the other hand, the American 

classification of goods is built on two different systems, the older Standard Industrial 

Classification (SIC) and current North American Industry Classification System (NAICS). The 

concordance between HS-, SIC- and NAICS-codes is complicated as each system has different 

levels of aggregation. However, we will use data at the two-digit level for all systems, hence 

minimizing the risk of systematic error. 

 

Furthermore, data is collected from a secondary source and may contain errors, missing values 

etc., which could have an impact on estimations. However, repeated measurements will yield 

consistent results as the data material does not change over time, hence it has a high degree of 

reliability. Qualitative methodology often relies on non-numerical data gathered from 

interviews or other research methods and may produce inconsistent results if the experiment is 

performed many times.  

 

5.2 Data 

 

Empirical results will be based on annual U.S. data from 1991 to 2014. We focus on nine 

manufacturing industries of which three will be considered as high-tech and six as low-tech, for 

some total of 216 observations. The ISIC Rev. 3 Technology Intensity Definition distinguishes 

four different industry classifications. However, due to data limitation we will pool some 

classifications together, i.e. high-technology with medium-high-technology and medium-low-

technology with low-technology.  
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The data structure creates a larger sample for low-tech industries for two reasons. First, 

industry-level tariff data does not distinguish between some high-tech industries, for example, 

pharmaceuticals and chemicals, or aircraft and motor vehicles. Hence, pharmaceuticals fall into 

a chemicals category while aircraft/motor vehicles are put in the transportation category. Both 

categories are then considered as high-technological areas. Second, industries in low-tech are 

more distinct, i.e. food and textiles, making them impractical to pool together.  

 

5.2.1 R&D funding 
 

Industry-level R&D data is collected from the annual Business R&D Innovation Survey 

(BRDIS), conducted by the federal U.S. agency National Science Foundation (NSF). We will 

restrict the data to domestic R&D spending performed by the company but also funded by the 

company and other entities, excluding federal funds. In 1991, the survey did not differentiate 

between company and outside R&D funding, hence, we follow the same pattern to be consistent 

in our estimations. As of 2008, the figures for domestic company funding, external funding and 

federal funds are pooled together, meaning that we need to subtract federal funding for each 

following year. For estimation purposes we normalize R&D levels for each industry by dividing 

with the average number of employees over all years. 

 

Furthermore, previous researchers have used the Compustat market database for R&D data. 

However, access restrictions force us to search for publicly available information. The BRDIS 

is a comprehensive survey with a sample size of around 40,000 companies. The quality of the 

data is therefore dependent on any different type of error with regards to sampling, coverage, 

nonresponse or measurement by the survey. Still, the long history of government-funded 

business innovation surveys since the 1950s, strengthens its reliability. 

 

Figure 5.1 further on shows R&D expenditures per year for each industry. The data has been 

indexed and stacked with the base 100, allowing us to see the increase in R&D spending over 

the selected time-period. In 1991 each industry holds a 1/9 share. However, in 2014 the high-

tech industries account for roughly 37 percent, suggesting a slightly higher growth rate 

compared to low-tech industries.   
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Figure 5.1: R&D expenditures per year. Stacked and indexed. 

 

 

Between 1991-1998 data on R&D funding is classified according to the older SIC system. We 

use the two-digit level for each industry. From 1999 and onwards, however, industry-level data 

is organized through the newer NAICS. Our solution is to match each NAICS-code to the 

corresponding SIC-code and aggregate if necessary. 

 

5.2.2 Tariff levels 
 

The World Integrated Trade Solution (WITS) online platform provided by the World Bank, in 

collaboration with other organizations, including the United Nations and World Trade 

Organization, will be used to gather data for three independent variables presented in the 

coming paragraphs. We expect the data to be very reliable.  

 

Tariff levels are measured in percent and are defined by the AHS Weighted Average indicator.  

To be consistent throughout the data we will use the Harmonized System 1988/92 classification 

for all years. The dataset consists of the effectively applied tariff by the U.S., meaning that it 

shows the actual rate used, instead of conforming to more general Most favored nation (MFN) 

tariffs. The weighted levels account for the trade quantity between the U.S. and its partners, 

meaning that larger trade partners, such as the EU and China, will impact the tariff levels the 

most. It also allows us to measure the global impact on U.S. industry R&D performance due to 

rising import competition. The data material is complete for all nine industries each year except 

for 1994. Our workaround is done by interpolating the missing values using the average of the 

two nearest years, i.e. 1993 and 1995.  

 

Figure 5.2 shows indexed and stacked tariff levels for each industry with the base of 100. As 

suggested by the chart, tariff levels have generally decreased over the years with 1998 being 

the obvious exception.  
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Figure 5.2: Applied weighted average tariffs per year. Stacked and indexed. 

 

 

5.2.3 Herfindahl-Hirschman product concentration index 
 

Previous studies have calculated import competition by using trade flows and value-added 

statistics. We take a different approach and use tariff levels as a proxy. Grossman and 

Helpman’s (1991) theoretical approach show that trade openness increases the quantity of 

goods more than product variety, leading to a larger ratio and thus encourages industry 

innovation. Trade liberalization implies that distortions are generated which affect the 

equilibrium. For example, an open world market will support increased interaction between 

businesses and foreign local markets, leading to spillover effects and incentivizes local R&D. 

A reduction in tariffs will also increase consumer utility as open trade leads to lower prices on 

goods, causing the indifference curve to shift right. Increased consumption will motivate firms 

to capture a larger market share and may thus invest in R&D for that purpose.  

 

Furthermore, we include a special variant of the Herfindahl-Hirschman index to measure U.S. 

trade dispersion for each industry. The traditional Herfindahl index is used as an indicator of 

competition between firms with regards to firm size and market share. A high value suggests a 

high concentration and vice versa. In our case, an increasing index-value suggests that exports 

are concentrated to only a few products which puts the exporter in risk of trade shocks. We 

include this variable as industry concentration may affect incentives to innovate. Firms who are 

more exposed to negative supply or demand shocks may want to increase their product offerings 

or invest in R&D to compete in core export sectors. The mathematical definition of the special 

index is found below.  
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where X represents total export value from country i and x is the export value of product k from 

country i. Total number of exported goods from country i is represented by n.  

 

Theoretical framework from both Scherer (1967) and Aghion et al. (2005) show that increased 

market competition and patent applications are in general positively correlated, suggesting that 

higher competition is good for innovation. Firms invest in R&D to either catch up or stay ahead 

of its competitors through either product or process R&D. We motivate the addition of the 

special Herfindahl index by acknowledging the fact that industries with a smaller product 

portfolio incur more competition in respective export sector and may need to invest in R&D to 

level the competition.   

 

5.2.4 U.S. Dollar index 
 

The relation between imports and exchange rate fluctuations encourages us to include a trade 

weighted U.S. Dollar index, provided by the Federal Reserve Bank of St. Louis. It measures 

the exchange value of the dollar against other major U.S. trading partners’ currencies. Like the 

weighted tariff levels from WITS, the weighted dollar index ensures that larger trading partners 

weighs heavier on the index. Our incentive to include the index originates from basic economic 

theory which suggests that an appreciation of a domestic currency will make imports cheaper 

and exports more expensive. Hence, a strong currency may over time increase imports from 

abroad and eventually force firms to invest in either product or process R&D to boost revenues 

or reduce costs.  

 

5.2.5 Revealed comparative advantage 
 

We have previously touched upon a measurement of revealed comparative advantage (RCA), 

most commonly used by the Balassa index. The RCA index provided in the WITS-platform is 

constructed to measure the relative advantage for each manufacturing sector by looking at trade 

flows. An industry is said to exhibit a comparative disadvantage if the index-value is between 

0 and 1. A number above 1 would instead suggest a comparative advantage. In the theoretical 

section we discussed the shortcomings of the index. However, we will use it as a second-best 

alternative as an indicator of American industries’ international competitiveness (see Siggel, 

2006). The mathematical definition is stated below.  
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        (7) 

 

 

x represents total export value of product k, where i is the exporting country and j is the 

destination. Capital X is thus the total of all exports from country i to destination j, or from the 

whole world as defined by w.  
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5.2.6 Unit labor costs 
 

Unit labor costs can be defined as the amount that firms pay for their employees to produce one 

unit of output. It includes both wages and other types of compensation as well as taxes. 

Increasing unit labor costs can either be the result of lowered productivity or higher 

salaries/taxes, hence it is a measure of cost competitiveness. Countries with lower costs are thus 

considered to be more competitive in producing certain goods. The general cost increase in the 

U.S. manufacturing sector may either be the result of rising labor costs or lowered productivity, 

which in turn could discourage R&D. A paper by Lewandowska-Kalina and Kalina (2014) 

confirms this hypothesis by looking at labor taxation and R&D investments. Results show that 

increasing labor costs induce firms to reduce R&D investments in favor of investing in physical 

capital. We collect data on unit labor costs for each industry from the U.S. Bureau of Labor 

Statistics. Different NAICS-codes are then pooled together to match the rest of our data and 

weighted according to industry size, as measured by number of employees. 

 

The last of our variables is an interaction term between our tariff-variable and a high-tech 

dummy which allows us to measure the difference between high-tech and low-tech industries.  

 

Table 5.1 shows a list of our variables, table 5.2 shows industry classification with 

corresponding identification codes, table 5.3 presents a correlation matrix of our independent 

variables and table 5.4 provides us with some descriptive statistics. 
 

 

 

 

 

Variable Definition 

lnrde R&D funding (ln) 

tariff Applied weighted tariff 

hh Herfindahl-Hirschman product concentration index 

rca Revealed comparative advantage 

ulc Unit labor costs 

fx Trade weighted U.S. Dollar index 

httariff Interaction variable 

_______________________________ 
 

Table 5.1 Variables 
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Industry Classification SIC NAICS HS (1988/92) 

    

High-tech industries    

Machinery and Electronics 35, 36 333, 334, 335 84, 85 

Chemicals 28 325 28-38 

Transportation 37 336 86-89 

    

Low-tech industries    

Food products 20, 21 311, 312 16-24 

Fuels 13, 29 324 27 

Metals 33, 34 331, 332 72-76, 78-83 

Plastic or Rubber 30 326 39, 40 

Textiles and Clothing 22, 23 313, 314, 315 50-63 

Wood 24, 25 321, 322, 323 44-49 

 

SIC: Standard Industrial Classification; NAICS: North American Industry 

Classification System; HS: Harmonized System 

_______________________________ 
 

Table 5.2:  Industry classification and corresponding system codes. 

 

 

 

 

 

 

 

 

 tariff hh rca ulc fx httariff 

tariff 1      

hh -0,0920 1     

rca -0,4862 -0,5359 1    

ulc -0,1415 -0,1522 0,3443 1   

fx 0,0083 -0,0852 -0,0691 -0,1531 1  

httariff -0,1557 -0,1627 0,4682 0,4169 -0,0295 1 

_______________________________ 
 

Table 5.3: Correlation matrix. 
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Descriptive Statistics lnrde tariff hh rca ulc fx httariff 

        

Mean 8,230 2,927 0,068 0,956 103,294 93,303 0,505 

Standard Error 0,098 0,207 0,008 0,026 2,227 0,542 0,061 

Median 7,900 1,792 0,024 1,070 98,010 90,430 0 

Standard Deviation 1,442 3,038 0,111 0,377 32,733 7,967 0,897 

Sample Variance 2,080 9,227 0,012 0,142 1071,456 63,474 0,804 

Kurtosis -1,169 1,983 7,480 -0,865 29,905 -0,588 4,664 

Skewness 0,095 1,693 2,832 -0,617 4,955 0,712 2,112 

Range 5,756 12,752 0,557 1,370 282,176 27,682 4,429 

Minimum 5,416 0,263 0,008 0,170 66,803 82,450 0 

Maximum 11,172 13,015 0,565 1,540 348,979 110,132 4,429 

Count 216 216 216 216 216 216 216 

_______________________________ 
 

Table 5.4: Descriptive statistics. 

 

 

5.3 Econometric testing methodology 

 

This paper builds on a panel data regression model as our dataset is a combination of cross-

sectional measurements between industries but also over time. Panel data, also called 

longitudinal data, can be defined as multi-dimensional data measured over time. For any given 

year, our nine industries represent a cross-sectional sample of nine observations. Measuring 

over time, i.e. from 1991 to 2014, allows for better estimations as the total number of 

observations add up to 216. 

 

Using panel data has several advantages over cross-sectional data or time series. By using 

different industries, we can expect some form of heterogeneity which may affect estimation 

results due to industry-specific qualities. It also provides more variability, less collinearity and 

perhaps more importantly, more degrees of freedom. An important contribution of panel data 

is that is allows us to identify and estimate complex economic scenarios including economies 

of scale and technological progress (Baltagi, 1995). However, we need to address some 

problems that may arise with panel data models, hence we will discuss these later on. 

 

More precisely, we use a long and balanced panel, which means that the number of time periods 

are greater than the number of industries, but also that each industry contains the same number 

of observations. We consider two options for estimation, Ordinary least squares (OLS) and 

Generalized method of moments (GMM). The latter can be used when expecting unobserved 

endogeneity and works by introducing instrument variables.  

 

A basic OLS model suggests running a regression on all 216 observations without accounting 

for cross-sectional or time differences which would yield one coefficient for all industries, 

representing the manufacturing average without showing the response by high-tech firms. 

However, this can be mitigated by including an interaction variable between a high-tech dummy 

and the tariff variable. Some assumptions necessary for OLS include independent explanatory 

variables, homoskedasticity, no serial correlation and strict exogeneity. We will elaborate on 

this later. 
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Following Gujarati and Porter (2009) on the discussion of OLS issues when using panel data, 

we recognize that a basic OLS model, without any interaction term, would not capture the 

differences between high-tech and low-tech industries as the time effect of our explanatory 

variables, tariffs etc., is consumed by the error term. The consequence could be endogeneity, 

where our regressors are correlated with the disturbance term, in risk of causing both biased 

and inconsistent results. Including an interaction term, however, may still not alleviate all issues 

with endogeneity.  

 

The more advanced solution to mitigate problems with endogeneity in OLS estimation, includes 

using GMM when a maximum likelihood estimation is not possible. The technicalities behind 

the estimator involves so-called moment conditions, which are functions of the regressors and 

the dataset itself. Compared to fixed effects or random effects models, the GMM uses past 

information to predict current outcomes. For example, R&D expenditures today may be a 

function of past expenditures or past tariff levels. The advantage of GMM-estimators is that 

they exhibit both consistent and efficient characteristics (Roodman, 2009). Stata uses the 

Arellano-Bond estimator discussed later on. 

 

5.4 Model 
 

We specify a long-run regression model based on our theoretical discussion and chosen 

independent variables. The model takes a log-linear form as we expect R&D spending to be an 

exponential function of tariff levels rather than linear, but as it also allows us to measure 

percentage changes in R&D investments. The baseline equation is as follows: 

 

 

 𝑙𝑛 𝑦𝑖𝑡 = 𝛼 + 𝛽1𝑡𝑎𝑟𝑖𝑓𝑓𝑖𝑡 + 𝛽2𝐷1 + 𝛾𝑋𝑖𝑡 + 𝜀𝑖𝑡 ,         (7) 

 

 

where ln yit represents the natural logarithm of R&D spending, 𝛼 is the intercept, tariff is the 

corresponding tariff level for each industry, D1 is our high-tech dummy variable. Xit 

characterizes a vector with all other variables, and finally εit is the error term. Subscript i is for 

respective industry and t is the time period.  

 

Since the main purpose of this paper is to estimate the impact of import competition on R&D 

outlays, we use tariff levels as a main proxy. Initially, we will perform a simple OLS regression 

on all industries, including our interaction term and dummy, to acccount for any differences 

between high-tech and low-tech industries. Under certain market settings, theory suggests that 

at least larger firms will invest in R&D due to both cost and competitive advantages. We 

therefore might expect that tariff level reductions will increase overall R&D spending across 

all industries as we cannot control for firm size.  

 

Furthermore, our other four explanatory variables are proxies for different measures of 

competition. An increase in the Herfindahl-Hirschman index would suggest that the industry is 

becoming less diverse in their overall product portfolio and consequently face more 

competition. Our expectation is a positive value for the hh variable. Regarding the trade 

weighted exchange rate variable, fx, we expect to see a positive coefficient as a stronger 

currency lowers the relative foreign price and thus promotes imports, potentially affecting firms 

R&D investments.  
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Our previous discussion on unit labor costs, ulc, concluded that firms are more inclined to 

reduce R&D expenditures in favor of physical capital. We expect the coefficient to be negative 

as increasing labor costs either show signs of reduced productivity, increased wages or perhaps 

reformed taxation. Lastly, revealed comparative advantage, rca, is according to Siggel (2006) 

a measure of competitiveness rather than comparative advantage. Increasing values thus 

indicate an improved competitive position. If we turn to the theoretical framework by Dasgupta 

and Stiglitz (1980), Aghion et al. (2005) and Siggel (2006), firms who uphold a strong, or even 

improved, market position may be incentivized to increase R&D spending to conform to the 

escape-competition effect. Thus, we hypothesize a positive value in favor of a negative. 

 
We also included an interaction term, httariff, between a high-tech dummy and tariff levels to 

capture differences between the manufacturing average in low-tech and high-tech industries. 

Our overall expectation suggests that httariff exhibits a negative and larger coefficient than the 

low-tech average, which should coincide well with the theoretical frameworks and results by 

Zietz and Fayissa (1992) and Lee (2009).   

 

5.5 Econometric issues 
 

The OLS regression model concerning cross-sectional data assumes that all observations are 

independent and identically distributed (IID), suggesting their origin is from a random sample 

and exhibits characteristics of normality, non-multicollinearity, exogeneity and 

homoskedasticity. We will test for each assumption and make necessary corrections to our 

regression. 

 

First, our primary OLS regression of all industries generated a highly significant Jarque-Bera 

p-value of 0.0052, suggesting that the residuals are not normally distributed. The Q-Q plot 

showed small signs of skewness, but enough to reject the null hypothesis. However, non-

normality is often the case with panel data and should not raise concerns, leaving us with the 

option to ignore it. Second, although multicollinearity is less alarming regarding panel data, we 

use the variance inflation factor (VIF) to test for any collinearity between our variables. The 

rule of thumb advises 10 as a threshold value, suggesting that lower values do not indicate 

collinearity. Our mean VIF reports 2.30 with the highest value being 3.57. 

 

The Breusch-Pagan heteroskedasticity test shows a significant p-value of 0.034 under the null 

hypothesis that the residuals are homoskedastic. We also test for autocorrelation using a 

Cumby-Huizinga test that indicates substantial serial correlation up to lag 12. With both 

heteroskedasticity and autocorrelation present we consider using OLS with the Newey-West 

estimator, capable of producing both heteroskedasticity- and autocorrelation-consistent 

standard errors.   

 
However, we expect some form of endogeneity and do not condone using instrument variables 

in our model. A perfect simultaneity-example would be a supply and demand setting where 

price is determined by demand and vice versa. In our model we use tariffs as the main 

explanatory variable to predict changes in R&D spending. Tariffs should be considered as 

predetermined variables which is less strict than being fully exogenous. The reason is simple: 

Consider a negative shock in the form of a tariff reduction, presumably uncorrelated with past 

and, most likely, present R&D spending. However, future R&D investments may be higher, 

due to the lower tariff, as a response to increased import competition. Thus, tariff levels are 

probably correlated with future R&D expenditures.  
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Furthermore, unit labor costs may cause simultaneous causality as investing in process R&D 

may increase productivity and reduce the cost of labor. At the same time, a reduction in labor 

costs, perhaps due to lower taxes, may incentivize the firm to allocate more money to R&D 

research. Hence, we must treat the variable as endogenous.  

 

Moreover, previous years’ R&D outlays may predict the upcoming years’ in line with natural 

business cycles. The GMM estimator may therefore be most efficient in estimating coefficients 

with the utilization of lags as instruments.  

 

Initially, the GMM estimator automatically creates a one-period lagged variable of the 

dependent variable, changing our baseline equation to the following: 

 

 

 𝑙𝑛 𝑦𝑖𝑡 = 𝛼 + 𝛽1𝑦𝑖 (𝑡−1) + 𝛽2𝑡𝑎𝑟𝑖𝑓𝑓𝑖𝑡 + 𝛽3𝐷1 + 𝛾𝑋𝑖𝑡 +  𝜂𝑖  + 𝜀𝑖𝑡 ,      (8) 

 

 

where the newly included 𝜂𝑖 is the time-invariant unobservable and 𝑦𝑖 (𝑡−1) is the lagged 

dependent variable. The correlation between observed and unobserved observations give rise 

to the endogeneity problem explained earlier, which would create biased and inconsistent OLS-

parameter estimations. A quick solution would be to take the first-difference of the equation 

yielding:  

 

 

 Δ𝑙𝑛 𝑦𝑖𝑡 = 𝛽1𝛥𝑦𝑖 (𝑡−1) + 𝛽2𝛥𝑡𝑎𝑟𝑖𝑓𝑓𝑖𝑡 + 𝛾𝛥𝑋𝑖𝑡 + 𝛥𝜀𝑖𝑡 .      (9) 

 

 

The time-invariant unobservable is now gone as well as the constant and dummy. However, the 

problem with the equation above is that it generated a new endogeneity problem where the 

differenced lagged variable, 𝛥𝑦𝑖 (𝑡−1), is correlated with the differenced error term, 𝛥𝜀𝑖𝑡.  

 

 

 𝐸(𝛥𝑦𝑖 (𝑡−1) 𝛥𝜀𝑖𝑡)  ≠  0    (10) 

 

 

Much like instrument variable (IV) estimation, the key to solving the problem lies in the 

introduction of instrument variables. We mentioned earlier that the GMM estimator generates 

appropriate lags under a set of specific conditions. The estimator initially suggests the second 

lag of the dependent variable and any possible lag afterward. However, deeper lags lose strength 

in terms of predictability, so choosing lags close to 0, or even forward lags, is possible as long 

as the Arellano-Bond test assumptions are fulfilled, as shown by Arellano and Bond (1991). 

The moment conditions are defined by:  

 

 

 

 𝐸(𝛥𝑦𝑖 (𝑡−2)𝛥𝜀𝑖𝑡) =  0 

𝐸(𝛥𝑦𝑖 (𝑡−3)𝛥𝜀𝑖𝑡) =  0 

… 

    (11a) 

    (11b) 

   

 𝐸(𝛥𝑦𝑖 (𝑡−𝑗)𝛥𝜀𝑖𝑡) =  0     (11c)     
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Stata uses an inbuilt Arellano-Bond test, under the command estat abond, to check if serial 

correlation is higher than first-order lag, AR (1), since that would violate the instrument setup. 

Rejection of the null hypothesis of no autocorrelation in AR (1), is not a concern as long as 

second-order lag, AR (2), is not rejected. The test provides p-values for confirmation. The 

following requirement must thus be fulfilled. 

 

 

 𝐸(𝛥𝑦𝑖 (𝑡−𝑗)𝛥𝜀𝑖𝑡) =  0      𝑗 ≥ 2       (12) 

 

 

6. Empirical analysis 
 

6.1 OLS estimation 
 

Our first regression is a pooled OLS estimation on all industries, including our interaction 

variable and dummy, using the Newey-West estimator that is robust to both heteroskedasticity 

and autocorrelation. Results in table 6.1 show significant p-values for four independent 

variables at the 5-percent significance level. The F-statistic shows a very low p-value, 

suggesting that our group variables are jointly significant. The adjusted R2-value is quite high 

at 0.84, meaning that the variance of our dependent variable, lnrde, can to 84 percent be 

explained by our independent variables. 

 

The advantage of a log-linear model is that it allows us to calculate change in R&D spending 

in percentages. Our main variable of interest is clearly tariffs as we are mainly interested in the 

effects if import competition. Results show that a reduction in tariffs by one percentage point 

leads to an average increase in R&D spending by 13.4 percent across the low-tech industries. 

The Herfindahl-Hirschman index-variable, hh, suggests that a reasonable increase of 0.01 units 

leads to an increase in R&D expenditures by 5.09 percent.  

 

Unit labor costs, ulc, is significant and shows that a one unit increase leads to a modest 0.53 

percent reduction in R&D spending. Our dummy variable, hightech, also shows high 

significance at the 5-percent level. The coefficient takes the value of 2.154, indicating that the 

level effects between high-tech industries and the low-tech average is 100[exp(c)-1], which is 

equal to 762 percent, suggesting high-tech industries spend 8.6 times more on R&D than low-

tech industries. However, the OLS estimation fails to predict an estimation of the overall effects 

of a tariff reduction in high-tech industries. The interaction variable, httariff, displays a non-

significant p-value of 0.152, giving no indication of the quantitative response expected from 

increased import competition. As previously discussed, OLS produces biased estimations under 

the influence of endogeneity, suggesting that the results should be viewed with caution. We 

assume that we are correct in testing a GMM model if there is endogeneity in our dataset. Using 

instrument variables might alleviate some of these issues.  

 

Revealed comparative advantage and the trade weighted dollar index show no signs of 

significance at any reasonable significance level. 

 

6.2 GMM estimation 
 

We specify conditions for the GMM estimation to be transparent. We define tariff and httariff 

to be predetermined, as we cannot expect full exogeneity, with lags (0/1) for both variables. 
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Unit labor costs, ulc, and the lagged dependent variable, L.lnrde, are instrumented as 

endogenous using lags (1/2) and (0/2) respectively. The instrument matrix is collapsed to 

minimize the number of generated instruments. The rest of the variables, hh, rca, and fx, are 

treated as exogenous. Difference GMM is used over system GMM as the latter would generate 

too many instruments.  

 

The GMM regression is based on the Arellano-Bond estimator with robust standard errors to 

correct for heteroskedasticity. Results shown in table 6.1 display significant p-values at least at 

the 10-percent level for three variables, tariff, rca and httariff. The reported χ2-statistic is 

reported at 3297.5 and is highly significant, indicating that the parameters are not jointly equal 

to zero. This suggests that removing one variable will substantially affect the fit of the model. 

We also estimate an R2-value of 0.84. 

 

Furthermore, the Arellano-Bond test reports a significant p-value of 0.027 in AR (1) and a non-

significant p-value of 0.168 in AR (2), suggesting that the model assumptions are fulfilled and 

there is no need to look for other instruments.  

 

Results from the GMM regression differ noticeably from our OLS regression. The tariff 

variable has a coefficient of -0.05, meaning that a reduction in tariffs by one percentage point 

increases average R&D spending among low-tech industries with 5 percent. Looking at the 

revealed comparative advantage-variable, rca, which barely is significant at the 10-percent 

level, we estimate an increase in R&D spending by 66 percent should the index go up by one 

unit. Again, noteworthy to mention that the index usually ranges from 0 to around 1.5.  

 

Our interaction variable, httariff, shows a p-value of 0.013, also indicating significance at the 

10-percent level. The coefficient is estimated at roughly -0.18, which is 0.13 points lower than 

the coefficient for tariffs in low-tech industries. Thus, after adding the interaction variable 

coefficient, httariff (-0.18), to the tariff coefficient (-0.05), the number can be interpreted as: a 

one percentage point reduction in high-tech-industry tariffs suggests a 23 percent increase in 

R&D expenditures, compared to the low-tech manufacturing average of 5 percent. The rest of 

our variables show no signs of significance. However, it is not an indication of non-contribution 

to the model as they are theoretically important to the research question.  

 

Moreover, we previously discussed the features of the GMM estimation method, specifically 

the addition of instrument variables. Our Arellano-Bond test concludes that the GMM model 

does not suffer from misspecification, as no serial correlation is found in lag 2. However, the 

addition of relatively many instruments produced by the GMM estimator could potentially 

overidentify the model. Overprediction in Arellano-Bond models have generated a modest 

number of empirical findings and no general conclusions have been reached regarding of how 

small N compared to T is viable.4 The proliferation of instruments when T is large raises 

concerns about overfitting the model, as described by Roodman (2009). However, using too 

few time periods have shown that the GMM estimator works poorly with respects to the small 

number of instruments generated. Thus, we cannot disregard our model as invalid, especially 

given that the Arellano-Bond test presents a correct model specification.  

 

The regression generates 12 instruments and the Hansen J-test of overidentifying restrictions 

shows a p-value of 0.606, suggesting that included instruments are valid. Roodman (2009) notes 

that high p-values of 1.000 should be considered as a sign of overfitting, where the number of 

                                                 
4 N = Number of cross-section groups. T = Number of time periods.  
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instruments is probably too many. There is, however, no theoretical justification for how high 

p-values should be considered safe.  

 

The statistically significant results for the tariff variables, produced by the GMM estimation, 

are also reasonably economically significant. A one percentage point reduction in tariffs 

generate on average a 5 percent increase in R&D spending across low-tech industries, and a 23 

percent increase in high-tech industries. Considering that tariff levels in some industries have 

been cut by as much as 5-6 percentage points, the numbers are realistic. Looking at figure 5.1 

we see that some industries have substantially increased R&D spending over the years, 

potentially adding up to billions of dollars. This also corresponds well with figure 5.2 which 

shows the relatively steep decline in tariff levels. 

 

In closing, results from the Arellano-Bond test suggest that the GMM is correctly specified. 

Neither does the Hansen J-test advise us to use different instruments. Considering the probable 

presence of endogeneity in our sample, we are confident that the GMM model is a better 

representation than the OLS model, hence we forego the analysis of the OLS results.  
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6.3 Results 

 

 

R&D (lnrde) 
 

           Model (1)         Model (2) 

         

constant    8.571***   

     (9.64)     

tariff    -0.134***   -0.050*** 

     (-3.83)   (-3.27) 

hh    5.094***   -0.270 

     (4.74)   (-1.04) 

rca    0.150   0.655* 

     (0.28)   (1.67) 

ulc    -0.005***   -0.001 

     (-3.43)   (-0.88) 

fx    -0.007   -0.004 

     (-0.93)   (-1.26) 

httariff    0.115   -0.179** 

     (1.44)   (-2.48) 

high-tech    2.154***     

     (6.39)     

L.lnrde        0.448*** 

         (5.46) 

      

R2    0.84   0.84 

          

F-test    40.68     

     (0.000)     

Wald χ2        3297.50 

         (0.000) 

Arellano-Bond AR (1)        -2.22 

         (0.027) 

Arellano-Bond AR (2)        -1.38 

         (0.168) 

Hansen J-test        3.62 

         (0.606) 
  

Observations 
 

 

  
216 

   
198 

 
 

Notes: (1) OLS, (2) GMM. lnrde: R&D funding (ln); tariff: AHS Weighted Tariff; hh: Herfindahl-Hirschman 

Product Concentration index; rca: Revealed comparative advantage; ulc: Unit labor costs; fx: U.S. trade weighted 

dollar index; httariff: Interaction variable; high-tech: Dummy; L.lnrde: Lagged dependent variable. * p ≤ 0.1, ** 

p ≤ 0.05, *** p ≤ 0.01. T-statistics for variables in brackets. P-values for test-statistics in brackets. 

__________________________________________________________________________________________ 

 

Table 6.1: U.S. manufacturing sector response to import competition. T=24, N=9. 1991-2014. Dependent 

variable: R&D expenditures (ln).  
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Our results shown in table 6.1, model (2), indicate that high-tech industries increase R&D 

spending by 23 percent, compared to the low-tech industry average of 5 percent, following a 

tariff reduction of one percentage point. While the variable httariff, has a coefficient of -0.18, 

this represents the premium over the low-tech industries, hence we need to add the coefficient 

for httariff¸ with the coefficient of tariff, suggesting -0.05 + (-0.18) = -0.23. Therefore, the total 

increase of the high-tech industries is 23 percent, compared to the response by low-tech 

industries of 5 percent.  

 

Our main hypothesis was that that high-technological industries would respond with higher 

levels of R&D compared to low-technological industries, when threatened by import 

competition. Thus, the results generated from our GMM estimation seems to support those 

expectations.  

 

Furthermore, both GMM and IV estimators rely on instrument variables to circumvent the 

problems associated with, for example, simultaneity. However, choosing suitable instruments 

is difficult so relying on past observations is the key strength of the GMM estimator. We do not 

reject the idea that an IV estimation may have generated different results, but we are confident 

that the chosen instruments are appropriate as found by the Arellano-Bond test. The Hansen J-

test also found them to be valid. 

 

We previously discussed that the dataset consists of six low-tech industries and three high-tech 

industries. Even though the average effects across all industries is positive, we cannot rule out 

the fact that some industries, especially in low-tech, may have experienced none or even 

negative effects. Still, the weight of low-tech industries in the manufacturing average is twice 

as much as high-tech, suggesting that we probably can assume some positive effects in those 

industries as well, only not statistically tested.  

 

Nevertheless, as described by the general model from Grossman and Helpman (1991), a tariff 

reduction does in many ways incentivize innovation as trade liberalization increases trade 

volumes and creates spillover effects.  

 

Furthermore, Zietz and Fayissa (1992) hypothesize that only high-tech industries will be 

affected by increased import competition, as standardized low-tech products provide no 

incentives for firms to invest in product R&D. Their results generally support their hypothesis 

and show that only high-tech firms are affected by import competition. Given the nature of their 

chosen dataset and time period, i.e. 1972-1987, the differences between our results are not 

surprising. Although import competition and the U.S. trade deficit became a real concern during 

the 1980s, the modern globalization of the 21st century has allowed for increased trade and 

lower costs in all industries, suggesting that our dataset generally captures today’s market 

conditions. Thus, we see a positive increase in all industries, with a more aggressive response 

by high-tech firms.  

 

Additionally, as found in the theoretical framework by Long, Raff and Stähler (2011), investing 

in R&D also depends on trade costs, suggesting that increasing globalization and more cost-

effective transportation is valuable for all industries. The theoretical framework by Navas and 

Licandro (2011) also concludes that larger firms will invest more in R&D as their cost-reduction 

incentives are greater. Our data is too aggregated to distinguish between large- and small-firm 

R&D, therefore the increase in R&D spending by larger firms may offset the reduction by 

smaller firms, leading to an overall positive effect.  
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Moreover, our results are more in line with the findings and theoretical framework by Lee 

(2009), who shows that R&D investments are correlated with technological competence. His 

results indicate that high-tech firms do indeed react aggressively, compared to low-tech firms 

who act more submissive.  

 

However, recent literature by both Xu and Gong (2017) and Autor et al. (2017), who look at 

import competition from China, conclude that U.S. manufacturing industries have instead 

reduced overall firm-level R&D spending and promoted a reallocation of R&D expenditures to 

more profitable and productive firms. These findings line up well with the theoretical 

framework by Long, Raff and Stähler (2011), who propose that trade liberalization will 

eventually force ineffective forms out of the market. Still, fundamental differences between our 

papers, such as proxies, estimation methods and sample size, cause the results to differ 

somewhat for industry-level effects, as Xu and Gong (2017) find that the negative effects by 

small firms almost equally offset the positive of larger firms.  

 

The revealed comparative advantage (RCA) index was included as a measure of 

competitiveness, as suggested by Siggel (2006). We expected a positive value as 

competitiveness increases incentives under the leaders and laggards concept by Aghion et al. 

(2005). Results indicate that a one unit increase raises R&D spending by 66 percent, suggesting 

that we were right in our expectations. An increased competitive market position thus raises 

incentives to compete with contestants as they may further close the advantage-gap to their 

competitors.  

 

These results on RCA are also supported in the theoretical discussion by Krugman, Obstfeld 

and Melitz (2012). Low wages in developing countries, especially in low-tech industries, give 

them a comparative advantage in the production of such goods. However, the higher 

productivity among American high-tech firms ensures that comparative advantage is, for now, 

maintained by U.S. high-tech industries. An increase in comparative advantage among low-

tech firms may therefore be an incentive to increase R&D spending.  

 

Surprisingly, none of the other three variables show any significant results. According to 

Lewandowska-Kalina and Kalina (2014), increasing unit labor costs have a negative impact on 

R&D investments in favor of physical capital. Thus, we expected to see a negative result. The 

variable shows no signs of significance at a reasonable level. The special Herfindahl-Hirschman 

index, which measures trade dispersion and product market concentration, also presents a non-

significant result, suggesting that product concentration on the industries’ export markets does 

not affect their domestic R&D decisions. Strategic choices by firms may instead be focused on 

managing local market conditions. Lastly, the trade weighted dollar index, fx, shows no signs 

of significance, suggesting that the relationship between exchange rates and R&D investments 

either is weak or just not captured by the model.   

 

7. Conclusion 
 

The aim of this paper is to contribute to the relatively scarce literature regarding the effects of 

import competition on U.S. firms’ R&D investment strategies. Theory mainly suggests that 

competition can induce firms to either invest in product R&D to diversify their product 

portfolio, or in process R&D to become more cost-effective. We build on these concepts and 

aim to measure if high-tech industries are more sensitive to import competition than low-tech 

industries, given that high-tech industries are more exposed to various shocks.  
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We collect annual industry-level R&D data, covering 1991-2014, from the U.S. Business R&D 

Innovation Survey, keeping R&D expenditures as our dependent variable. Compared to recent 

papers on the topic, we take a different approach and use tariffs as a proxy for import 

competition.  We perform two regressions on our panel using standard OLS and GMM to 

mitigate endogeneity problems.  

 

Our empirical results show that there is an average increase in R&D spending of 5 percent 

across low-tech industries. We also find that high-tech industries respond to import competition 

with higher levels of R&D compared to the low-tech industry average, exhibiting a 23 percent 

increase. These findings are well in line with the theoretical framework by Zietz and Fayissa 

(1992) who argue that the product diversity and cost focus in high-tech industries incentivizes 

such firms to invest in either product or process R&D. Results are also supported by Lee’s 

(2009) theoretical discussion regarding absorptive capabilities and technological sophistication.  

 

Results also present a significant and positive value for revealed comparative advantage (RCA). 

Siggel (2006) argues that the RCA measure is more or less a degree of competitiveness. A 

positive value would thus indicate that industries who are becoming more competitive might 

seize the opportunity to move ahead as a leader, as suggested by Aghion et al. (2005).  

 

In line with the findings of Xu and Gong (2017) but also Autor et al. (2017), we find no average 

negative industry-level effects, but rather the contrary. This could indeed be explained by a 

reallocation of labor and funds to more productive and larger firms, counterbalancing the 

negative effects of smaller firms.  

 

7.1 Policy implications 
 

Policymakers concerned about the impact of import competition on smaller firms may consider 

implementing trade policies aimed at protecting businesses who lack in size and financial 

strength. However, our theoretical discussion on tariffs shows that it creates a distortion in 

domestic consumption, removing the purchasing power of some consumers. A better 

recommendation would be to introduce production subsidies as they would not negatively affect 

consumer behavior. Other types of actions may involve increasing federal R&D funding to 

smaller firms to prevent markets from becoming too concentrated.  

 

On the topic of exchange rates, a strengthening U.S. dollar has for long been considered 

problematic since the relative price of imports declines. Measures aimed directly at depreciating 

the currency could thus be an idea. Furthermore, the concept of import certificates (ICs) 

proposed by Buffett and Loomis (2003) could potentially alleviate trade deficit issues by giving 

exporters a number of ICs depending on their amount of exports. Certificate holders could then 

sell these to importers, at market price, making it overall costlier to bring goods into the U.S.  

 

7.2 Suggested future research 
 

Although this paper takes a relatively new approach by using tariff levels as a proxy for import 

competition, future research may use much more disaggregated data. We collect 2/3-digit level 

data for tariff levels and industry R&D, while both current systems, HS and NAICS, are 

categorized down to the 6-digit level, allowing for more accurate estimations. Future research 

may also use the more comprehensive Compustat database for R&D data. Moreover, we only 

use nine U.S. manufacturing industries. Increasing the number of industries in both the low-
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tech and high-tech sector will give a broader overview if the assumption that high-tech firms 

do increase R&D more than low-tech firms holds.  

 

Additionally, we limit the scope of this paper to domestic R&D spending which opens up for 

new research looking at R&D investments at foreign research sites. If increased import 

competition reallocates funds to FDIs abroad is an interesting question to examine, as it would 

suggest that firms make other strategic moves to stay competitive rather than submissively scale 

down their R&D research.  

 

Furthermore, our focus on the U.S. market encourages research on the effects in other countries. 

While the EU holds a common trade policy across all members, the industrial effects may differ 

from nation to nation which should inspire researchers to investigate if a mutual trade agenda 

is good or bad for firm competitiveness.  

 

Lastly, we also include a small section on non-tariff measures, which are considered to be the 

new threat to trade liberalization. NTMs is an umbrella term for trade obstacles other than 

ordinary policy tools such as tariffs or quotas. The rapid increase in NTMs over the years should 

thus make way for new research to improve understanding of their effects on economic growth 

and businesses’ R&D strategies (see Berden et al., 2009 and Jordaan, 2017).  
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Appendix 

 
Grossman and Helpman (1991) developed a model to explain how trade liberalization would 

increase domestic R&D and improve welfare.  

 

We can begin with defining the ‘intensive’ function,  

 

 

 
𝐾 = 𝑛𝜙 (

𝑇

𝑛
)       𝜙′ > 0. 

 

      (13) 

 

Where K is the present stock of knowledge capital, n is the number of varieties and T is 

cumulative trade volume (imports + exports). Φ is on the other hand defined by:  

 

 

 
𝜙(·) = 𝐹 [1,

𝑇(𝑡)

𝑛(𝑡)
]. 

 

 

      (14) 

 

where T(t) is cumulative trade volume at time t and n(t) is the amount of varieties but also 

research completed at time t.  

 

In the steady state equilibrium, consumption will grow at the same rate as output, suggesting 

that trade volume grows at the same rate. This can be defined by:  

 

 

 Ṫ

𝑇
 =

𝑔𝛽(1 − 𝑎)

𝑎
  

 

      (15) 

 

Depending on the value of a, T/n will thus either converge towards zero, grow without no upper 

bound or become a constant in the long run.  

 

In the event a > β(1-a), the effects of international trade spillovers will diminish over time and 

accumulated trade experience will contribute less to the stock of knowledge capital, K, than 

accumulated local research, in which trade liberalization have no impact, regardless the 

magnitude. The long run is thus determined by available resources, tastes and technology.  

 

Should a < β(1-a), the ratio between trade volume and product varieties will move towards 

infinity and knowledge received from trade experience will continue to drive long-run growth. 

Should trade be reduced or increased, the steady-state rate of innovation and growth would still 

be the same. However, countries open for more trade will eventually converge faster to the 

steady-state.  

 

Lastly, consider the case when a = β(1-a). Both trade volume, T, and varieties, n, will grow at 

the same rate, g, creating an endogenously determined constant. On page 9 we explained the 

implications for this scenario.  
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