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Abstract

This dissertation studies the impact of foreign direct investment (FDI) on the exports of

developing countries, drawing on evidence from China. It is composed of two chapters.

In Chapter 1, I analyze the effects of R&D FDI on export quality, where R&D FDI is

investments aimed at establishing offshore research facilities. I construct a novel dataset

on China’s outbound FDI using supervised machine learning. I analyze over 26, 000 pieces

of textual information on the primary business activities of Chinese overseas subsidiaries

collected by the Ministry of Commerce and identify the objective of each outbound FDI

project. I find a positive correlation between R&D FDI and the export quality of Chinese

firms. This correlation is especially pronounced in industries with a large scope for product

differentiation. Conversely, firms engaging in other forms of FDI do not experience quality

improvements post-investment. I develop a partial equilibrium model featuring heteroge-

neous firms with endogenous quality and production fragmentation to theorize a mechanism

for quality upgrading: hiring offshore experts with cutting-edge innovation capabilities. The

results in this chapter have significant policy implications for China and the US, where the

former promotes outbound FDI as a development strategy, but the latter views it as a threat

to national interests.

In Chapter 2, I examine the impact of R&D FDI on the extensive margins of exports.

Using firm-level data from China, I find that for multi-product exporters engaging in R&D

FDI, their number of exported products increases by 35.4%, and their number of countries

served increases by 13.3% post-investment. Other forms of FDI, such as marketing and



distribution FDI, cannot fully explain this increase among Chinese firms. Additionally, the

quality of new products and country entrants is the highest. Continuing exports rank second,

and exits rank last.
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Chapter 1

Catching Up by Going Abroad: R&D

FDI and Export Quality Improvement

1.1 Introduction

In the last two decades, China, traditionally known for producing cheap, low-value goods for

exports, has progressively moved up the export quality ladder. Meanwhile, China’s outbound

foreign direct investment (FDI) has grown substantially, from a modest $195 million in 2000

to $145.6 billion in 2015, an impressive 158-fold increase. Figure 1.1 depicts this growth.

Unlike the classic case of FDI, where capital flows from developed countries to developing

ones—for example, Apple investing in China to take advantage of the lower cost of unskilled

labor—Chinese FDI frequently targets developed countries as it seeks to acquire advanced

technology and know-how from the global North (Deng, 2007; Luo & Tung, 2018). In some

notable instances, Chinese firms have established R&D centers in these developed countries

and hired local experts to carry out R&D (Di Minin et al., 2012; Schaefer, 2020; Schaefer

& Liefner, 2017). More recently, however, political leaders in the United States and Europe

have become increasingly concerned that China may be gaining an unfair competitive edge

through these investments, leading to some proposals to ban Chinese FDI in certain sensitive

1



industries.

Does engaging in R&D FDI enhance the export quality of Chinese firms? Despite con-

siderable debate in the political sphere, the economics literature has yet to address this

question.1 Given the well-established positive association between firms’ product quality

and exporting success (Bastos & Silva, 2010; Brooks, 2006; Crozet et al., 2012; Manova &

Zhang, 2012), as well as countries’ long-run economic prosperity (Khandelwal et al., 2013),

understanding how developing country firms could move up the export quality ladder is

significant.

Why would R&D FDI affect export quality? To formalize the mechanism, I develop a

simple two-country trade model in partial equilibrium with Melitz (2003)-type firms. Firms

“produce” quality by employing high-skill workers to conduct R&D. Crucially, there is a

disparity in the R&D efficiency between the high-skill workers located in the North and

those in the South, with the North’s high-skill workers being decidedly more efficient—a

fact that is well documented in the business literature (Section 1.2.1). After the South

liberalizes its outbound FDI, the most productive Southern firms, who are also exporters,

can choose to relocate their R&D activities to the North through FDI while still retaining

their manufacturing capacity in the South. Conducting R&D FDI will incur an additional

fixed cost. However, it also gives those firms who do so access to the superior high-skill labor

pool in the North, thereby reducing their cost of quality upgrading. Thus, from this model

setup, I hypothesize that firms’ export quality increases post-R&D FDI.

A central empirical challenge in studying the impact of Chinese outbound FDI is the lack

of publicly available data on the objectives of these FDI projects. However, distinguishing

between these objectives is crucial, as different types of FDI are motivated by different

1A small body of literature empirically examines the impact of Chinese FDI in general on various di-
mensions of firm performance, including productivity, trade, and the size of operation (Chen & Tang, 2014;
Cozza et al., 2015; Huang & Zhang, 2017; Yan et al., 2023). Among these papers, only Yan et al. (2023)
focus on export quality as the primary outcome of interest. Chen and Tang (2014) use export unit value to
proxy for quality, while this paper employs Khandelwal et al. (2013)’s quality measure. Notably, with the
exception of Huang and Zhang (2017), all of these studies treat FDI as a single variable that includes all
types of FDI, thus making it difficult to cleanly identify the underlying factors driving their findings.
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considerations, which could lead to different outcomes. For instance, while projects that

establish distribution networks may impact trade, projects that drill for natural gas would

not have the same effect. Thus, studies that treat all types of FDI as one homogeneous

variable, even when they yield significant findings, would inevitably invite this question:

What precisely is responsible for the observed outcomes?

In this paper, I overcome this challenge by constructing a new dataset on Chinese out-

bound FDI. This dataset includes critical information about the objective or type of each

FDI project. The data is based on the Directory of Overseas Investment Enterprises, a com-

prehensive list of Chinese FDI projects compiled by the Ministry of Commerce (MOFCOM).

Until 2014, Chinese firms that wished to invest overseas had to undergo a stringent and

burdensome application process (Section 1.2). As part of this process, firms reported their

reasons for doing FDI to MOFCOM, usually in brief 30 to 80 Chinese characters. By uti-

lizing this information, a researcher can extrapolate the economic motivations behind each

FDI project.

However, because firms write these texts in the natural language, conventional methods

such as regular expression in Python cannot fully capture the complexity of the texts to

generate precise categorizations. Therefore, I use text classification, a supervised machine

learning technique, to automate the categorization of the MOFCOM FDI projects. I first

drop FDIs destined for tax havens from the raw data, leaving over 26, 000 observations to

analyze and categorize (Section 1.3.1). I then construct a training sample by selecting 2, 000

observations from the 26, 000 pool and carefully assigning each project to an FDI category

(Section 1.3.1). Finally, I use this sample to train the machine learning model. The final

model achieves a remarkable 95% accuracy rate when tested against the training sample, a

significant improvement over the 70% accuracy rate I previously achieved using the regular

expression method.

With the FDI dataset in hand, I test the central prediction of my model by employing

a two-way fixed effect (TWFE) specification with firm productivity, product-year, country-

3



year, and province-year fixed effects as controls. Data on Chinese exports comes from the

General Administration of Customs of China, while information on firm operations, such as

revenue, assets, and the number of employees, comes from the Annual Survey of Industrial

Firms. Combining these two datasets creates a 14-year unbalanced panel spanning 2000 to

2013, with close to 13 million observations at the firm-product-(export destination) country-

year level. Because product quality is not observable in the trade data, I infer it using the

approach of Khandelwal et al. (2013), where quality is the residual of an OLS regression on

the export demand function. The intuition of this approach is straightforward: conditional

on price, higher-quality products sell more units and, therefore, have a higher residual. My

main results suggest that firms who conduct R&D FDI experience, on average, a 69.05%

increase in export quality post-FDI, a magnitude comparable to the improvements induced

by trade liberalization (Bas & Strauss-Kahn, 2015). The results are robust to alternative

specifications.

Because firms self-select into FDI, the baseline TWFE model may not be sufficient in

mitigating this bias. Therefore, I perform a placebo test by estimating a version of the

baseline specification using two other types of FDI—production FDI and distribution FDI—

as the treatment variable. This choice of alternative FDIs is rooted in the understanding

that, in theory, neither FDI should influence export quality. The ensuing estimates reveal

a coefficient close to zero for distribution FDI and a negative, insignificant coefficient for

production FDI, suggesting that confounding factors are unlikely to be responsible for the

positive baseline result. Additionally, heterogeneity analyses find that the impact of R&D

FDI is only significant in sectors where the products are differentiated and where the scope

for such differentiation is large. In contrast, the impact is insignificant in sectors where

the products are homogeneous. This differentiated outcome aligns well with the quality-

upgrading mechanism proposed in this paper: better inputs (high-skill workers) lead to

better outputs (quality), but only in sectors where R&D is likely to make any difference.

In addition to the papers already cited, this paper also relates to two other strands of
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literature. First, it contributes to research on the determinants of export quality upgrading at

the firm level. Verhoogen (2023) provides an excellent literature review on this topic, where

he groups the determinants into three classes: the supply-side factors, like better material

inputs; the demand-side factors, like increased demand from wealthier markets; and changes

in firm capacity. While the literature has paid much attention to both the supply-side factors

(Bas & Strauss-Kahn, 2015; Fan, Li, & Yeaple, 2018; Fan et al., 2015; Feng et al., 2016; Xu

& Mao, 2018) and the demand-side factors (Verhoogen, 2008), relatively little has been done

looking at changes in firm capacity. This paper contributes to this last category by arguing

that firms may enhance their R&D capacity through FDI.

The second literature this paper contributes to concerns theories on what motivates

Chinese firms to undertake outbound FDI. For instance, Fan, Lin, and Tang (2018) show

that rising labor costs in China increase the likelihood of Chinese firms conducting production

FDI. Tian and Yu (2020) find that high communication costs between international buyers

and sellers can induce Chinese firms to pursue marketing and distribution FDI. On the other

hand, this paper demonstrates that the desire to seek out high-skill workers could drive

Chinese firms to engage in R&D FDI.

The remainder of this paper is organized in the following order: Section 1.2 describes

the background of China’s outbound FDI liberalization and presents three case studies to

illustrate the quality upgrading process. Section 1.3 presents the data and the data cleaning

procedures, including the use of supervised machine learning to automatically categorize

FDI projects. Section 1.4 develops the theoretical model. Sections 1.5 and 1.6 discuss the

empirical strategy and various results, respectively.

1.2 Institutional Background

Between 2000 and 2015, Chinese FDI outflows rose 158 times to $145.6 billion annually,

making China the world’s third largest contributor of capital after only the United States

5



and Japan.2 This surge in outbound FDI was certainly a result of China’s rapid economic

development around the same time; however, it was also profoundly affected by a series of

policy reforms implemented by the central government in the early 2000s that liberalized

and promoted such investments (Luo et al., 2010). Figure 1.1 shows the growth of outbound

FDI closely tracking China’s policy reforms.3

China’s outbound FDI policies underwent three stages. In the first stage, before 1990,

Chinese outbound FDI was exceedingly rare. The government, driven by concerns over po-

tential capital flight, imposed stringent controls on all outgoing FDI projects. These controls

included caps on the investment dollar amount, typically at $10 million, and mandates for

repatriating all profits earned overseas (Luo et al., 2010). Then, in the 1990s, the govern-

ment further tightened the FDI approval process. Specifically, Chinese companies intending

to invest overseas were required to submit a detailed feasibility report, along with the rele-

vant contracts and by-laws, to the government for approval. Projects exceeding $1 million

were required to seek approval from the State Planning Commission, a former ministry of

the national government, and those under $1 million were reviewed and approved by the

provincial governments. Lastly, projects involving state-owned assets or whose investment

amount is greater than $30 million had to gain approval from the State Council, the top

administrative body in China.

It was not until 2004 that any meaningful FDI liberalization occurred when new regula-

tions significantly raised the capital threshold requiring central government approval. Under

the updated rules, provincial governments had the authority to approve resource develop-

ment projects of less than $30 million4 and other non-resource investments less than $10
2Contrary to the common perception that a developing country is a recipient of FDI rather than a

contributor, China’s outbound FDI had, by 2015, reached similar levels to its inflow. Such a two-way FDI
flow pattern resembles many developed countries.

3Section 1.2 provides an overview of the most important policy changes but is by no means exhaustive. For
a comprehensive collection of official Chinese documents and materials related to outbound FDI, translated
into English, see Bernasconi-Osterwalder et al. (2013).

4These are FDI projects involved in the exploration and development of crude oil, minerals, and other
natural resources.
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million.5 However, projects surpassing these limits were still required to submit their appli-

cations to the National Development and Reform Commission (NDRC), formerly the State

Planning Commission, for official approval. “Megaprojects,” which are resource develop-

ment FDI over $200 million or other types of FDI over $50 million, needed approval from

the State Council. The feasibility report was no longer necessary. Instead, companies had

to seek formal feedback from the Chinese overseas consulates regarding project feasibility,

register their businesses with the consulates after establishment, and partake in state-run

annual surveys.

From 2009 to 2015, China accelerated the liberalization of outbound FDI. Most notably,

in 2009, the government revised the regulations again, stipulating that only projects ex-

ceeding $100 million or those intended for countries with no diplomatic ties with China

should seek approval from the Ministry of Commerce. On the other hand, provincial gov-

ernments could approve projects conducted by private companies between $10 million and

$100 million and all resource development projects. The requirement to obtain feedback

from Chinese consulates before engaging in FDI was dropped for non-resource projects. Fi-

nally, in 2014, the government removed all restrictions on projects under $2 billion, except

for those involving sensitive countries or industries.6 Thus, after 2014, most companies only

needed to declare their intentions to invest overseas by submitting a simple application to

the government.

Concurrent with sweeping FDI liberalization, the Chinese government has also actively

encouraged and supported certain types of outbound FDI, especially those that can pro-

mote international technology collaboration, strengthen China’s research and development

capacity and global competitiveness, and boost international trade (Ministry of Commerce).

5Provincial governments only handle FDI projects by private companies, while projects by state-owned
enterprises (SOE) were entirely exempted from the application process. SOEs engage in FDI at their dis-
cretion.

6Sensitive countries are any of the following: countries with no diplomatic ties with China, are on the
United Nations sanctions list, or are in a war zone. Sensitive industries are telecommunication, water, land
development, public utilities, and news media, as well as those listed in China’s Catalog of Technologies
Prohibited and Restricted from Export.
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For example, in 2004, the Ministry of Commerce and the Ministry of Foreign Affairs desig-

nated 67 countries and 191 industries for special promotion status, focusing on the major

global economies and the manufacturing sector.7 If an FDI project falls into one of the

listed categories, not only is its application more likely to be approved, but the project

may also receive preferential treatment in financial support, exchange rates, taxation, and

administrative processing. As another example, the NDRC and the Export-Import Bank

of China jointly launched a dedicated loans program in 2004 to support FDIs seeking to

establish overseas R&D facilities. According to this policy, such R&D facilities must seek

to utilize internationally advanced technologies, management experience, and professional

talents available in the host country. In return, loans for such projects have lower interest

rates, faster approval time, and longer loan terms. Similarly, the China Development Bank

and the Ministry of Finance also announced financing support, grants, and direct interest

subsidies for R&D FDIs.

1.2.1 Case Studies

While the government supports R&D FDI in manufacturing with the explicit goal of pro-

moting industrial upgrading, it is unclear from the official documents how firms engaged in

such FDI can achieve this goal. To better understand the motives of Chinese multinationals

and their operation of offshore R&D centers, I turn to case studies in the business literature.

Di Minin et al. (2012), Schaefer and Liefner (2017), and Schaefer (2020) together conducted

over 50 in-depth interviews with engineers, researchers, and managers at offshore R&D cen-

ters of leading Chinese companies. Their insights shed light on two key questions, forming

the basis of my theoretical model (Section 1.4).

The first question is: What do Chinese companies do when they set up R&D centers

abroad? In Schaefer (2020), the author studies Huawei, a world leader in the telecommuni-

7This catalog was subsequently updated in 2005 and 2007 to include more countries and industries. See the
Ministry of Commerce website (http://www.mofcom.gov.cn/aarticle/b/bf/200408/20040800258538.html) for
details.
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cations industry. She finds that starting in the early 2000s, Huawei began establishing R&D

labs in the United States and Europe, often near their competitors in cities like San Jose and

Munich. Huawei then hired offshore experts directly to conduct R&D, which produced many

patents (Schaefer & Liefner, 2017) and product designs. Huawei sent the designs back to

China for a larger and less expensive workforce to manufacture the final product. In another

study, Di Minin et al. (2012) show that ZTE, JAC Motors, Chang’an Motors, and Hisense

Group,8 and other well-regarded Chinese companies have adopted R&D globalization strate-

gies similar to Huawei’s, hiring researchers and designers based in advanced economies to

work on product development.

The second question is why Chinese companies hire experts in developed economies de-

spite the higher labor costs. Di Minin et al. (2012), Schaefer and Liefner (2017), and Schaefer

(2020) all point to the same reason: offshore experts are superior when it comes to creativity

and originality. For example, Di Minin et al. (2012) quote one Chinese engineer who said,

“In our experience, Italian designers are more skilled.” Additionally, Schaefer (2020) doc-

uments that Huawei engineers believed that “while the (technology) gap is rapidly closing,

Huawei remains behind when it comes to innovative skills.” These papers gave several rea-

sons for the competitive advantage of offshore experts. To begin with, these experts often

hold advanced degrees from Western universities, where creativity and originality are prior-

itized over learning facts. In addition, most have spent years working for the power players

in their respective fields, honing their skills. Such knowledge “enables Huawei to produce

state-of-the-art products without having to first learn how to create them itself” (Schaefer,

2020). Finally, offshore experts are more embedded in the global industrial network. Their

professional connections and understanding of local consumer tastes enable them to create

product designs that are better aligned with market demand.

In Section 1.4, I develop a formal model to guide empirical analysis. I incorporate the

8ZTE is another major telecommunications producer in China, the chief competitor of Huawei. JAC
Motors and Chang’an Motors are automobile manufacturers, and Hisense makes home appliances. These
companies are household names in China.
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quality-upgrading mechanism gleaned from these case studies: hiring offshore experts who

are more effective at R&D.

1.3 Data

In order to empirically evaluate the impact of China’s outbound R&D FDI on its export

quality at the firm level, I would need to possess, at a minimum, information on the FDI

projects themselves, the characteristics of the firms that undertake these FDIs (as well as

those firms that do not), and the outcome variable—firm export quality. Second, the datasets

should span the period when China’s outbound FDI policy underwent the most significant

changes—primarily from 2004 to 2013 (Section 1.2)—plus some years preceding this period.

Such coverage allows me to compare export quality before and after FDI liberalization.

Third, I must know the objective or type of each FDI project. Since different types of FDI

are motivated by different economic considerations that produce different outcomes, it would

only be possible to test the effects of R&D FDI if I could first reliably distinguish R&D FDI

from non-R&D FDI.

I satisfy these data requirements by drawing upon three exceptionally rich and com-

prehensive datasets: the Directory of Overseas Investment Enterprises from the Ministry

of Commerce, the Annual Survey of Industrial Firms compiled by the National Bureau of

Statistics, and the universe of Chinese import and export transactions from the General

Administration of Customs Data. Each dataset contains different information critical to my

analysis. After carefully cleaning and processing the datasets, I combined them to create

a 14-year unbalanced panel spanning 2000 to 2013, with close to 13 million observations at

the firm-product-(export destination) country-year level.

The next four subsections provide an overview of the three datasets employed in this

paper, the cleaning and merging procedures, and most importantly, how I classified over

26, 000 FDI projects using text classification, a supervised machine learning technique.
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1.3.1 The Directory of Overseas Investment Enterprises

The Ministry of Commerce (MOFCOM) compiles and makes available the Directory of Over-

seas Investment Enterprises, a comprehensive list of Chinese outbound FDI projects. The

listed FDIs are mostly greenfield, but some are also mergers and acquisitions (M&A) deals.9

This dataset contains vital details, including the name of the parent company, name of

overseas subsidiary, investment destination country, project approval date, and the scope of

offshore business activities. MOFCOM collects this information as part of the FDI approval

and registration process,10 which paradoxically, thanks to it being quite stringent and bur-

densome (Section 1.2), invariably ensures the quality of the data generated. Consider, for

example, that until 2014, MOFCOM required signed contracts or framework agreements to

be in place before approval. This decree drastically reduced the probability that a Chinese

company would casually undertake the application process, misreport the project, or have

the host country deny the project later on.

The raw data from MOFCOM has 41, 682 unique FDI projects implemented by 29, 597

state-owned and private enterprises targeting 203 countries. However, of these 203 countries,

41 are tax havens,11 for which I could not determine the true investment destination, so I

removed them from my analysis. The final sample consists of 26, 483 projects by 17, 999

firms between 1987 and 2015.

9Although no variable in the data indicates whether a project is greenfield or M&A, I searched the text
variable on offshore business activities for keywords linked to M&A, such as “shou gou” and “bing gou” in
Chinese. I find that 309 or 1.17% of the 26, 483 projects contain keywords for M&A, while only 0.86% of
R&D projects are M&A, a negligible amount.

10MOFCOM’s provincial offices gather data on FDI projects approved by the local governments. Since
2009, projects with a value below $10 million do not need approval from any government agency but must
still file for record with the local government. The local government subsequently compiles and reports this
information to MOFCOM.

11Tax havens are countries like Hong Kong, Ireland, and the Cayman Islands. I use Hines and Rice (1994)’s
list of tax havens to decide which countries to exclude from my analysis.
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Machine Learning to Categorize FDI

The most crucial element of the MOFCOM dataset is the scope of business activities of

offshore affiliates. Firms, usually in brief 50-100 Chinese characters, detail their FDI mo-

tivations, industry, and product offerings. For instance, a firm that wants to establish an

offshore R&D center might write “The R&D (of such and such) technologies, establishing

R&D bases and platforms, training senior R&D personnel, and recruiting R&D experts.”

Alternatively, a firm looking to create distribution channels could state “Trading, wholesal-

ing, and retailing (of certain products).” Based on this rich textual information, one could

extrapolate the economic motivations behind each FDI project. Nevertheless, there is a

hurdle. Since firms write these texts in the natural language, which does not have standard

phrases, traditional techniques for large-scale data analysis, such as regular expression in

Python, could not fully capture the complexity of the texts because these techniques rely on

fixed, predefined logic.12 Indeed, even after many iterations of Python codes, I still could

not achieve a classification accuracy rate exceeding 70%.13

To overcome this challenge, I partnered with a seasoned machine learning engineer to

deploy text classification, a supervised machine learning technique, to automate the classifi-

cation of all 26, 483 FDI projects.14 I implement a four-step procedure. First, I use regular

expression to roughly label the projects, assigning each project to a specific category. Table

1.1 contains the keywords I reference for the eight FDI categories. Second, I select 2, 000

projects, with 250 projects drawn from each category, and manually verify that the initial

12Here is an example that underscores the challenge. The presence of keywords such as “research,” “de-
velopment,” and “product” would typically indicate R&D. However, the exact keywords put together with
keywords related to natural gas or infrastructure development would instead suggest resource or infrastruc-
ture FDI. To differentiate between R&D and infrastructure, one must exhaust all keywords (from crude oil
and minerals to railroads, tunnels, ports, and power plants) associated with the latter and categorize projects
containing such keywords accordingly. To make things even more complex, one must simultaneously distin-
guish them from the production or distribution FDI that produces or transports the tools and machinery
used in mining or construction. The logical combinations are endless.

13The 70% figure is an estimate based on randomly selecting 20-30 Python-labeled projects and manually
checking for accuracy.

14We used the BERT model, a leading natural language processing model published by Google researchers
in 2018.
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labeling is correct. If the label is incorrect, I would change it to the correct label.15 Such ad-

justments often changed the number of projects in each category. To keep the data balanced,

I add or subtract projects until each category reaches 250 projects again. This process is

incredibly labor-intensive, but it must be done meticulously because it directly affects the

quality of the trained model. In step three, I feed my sample of 2, 000 accurately labeled

FDI projects into the machine learning program to let it train the model. The final model

achieves a 95% accuracy rate in correctly labeling the testing set. Finally, I use the trained

machine learning model to categorize all 26, 483 projects.

Table 1.2 shows the distribution of FDI projects by type, as categorized by machine

learning. Note that R&D FDI, which is the focus of this research, has 2, 212 projects. Over

time, the number of R&D FDI projects follows a growth trajectory similar to total outbound

FDI. Table 1.3 shows the number of R&D FDI by year between 1999 and 2015. Interestingly,

10.84% of firms conducted more than one R&D FDI project during the sample period.

1.3.2 The Annual Survey of Industrial Firms

Collected by the National Bureau of Statistics of China, the Annual Survey of Industrial

Firms (ASIF) surveys all above-scale industrial firms.16 From 2000 to 2006, the ASIF data

contains every state-owned enterprise (SOE) and non-state-owned enterprise (non-SOE) that

reported 5 million RMB or above in sales (USD 687,000 in the 2023 exchange rate). From

2007 to 2010, ASIF drops small SOEs with sales under 5 million RMB. Then, after 2011, the

dataset only includes firms with 20 million RMB or above in sales (USD 2.7 million).17 The

15I use a three-step algorithm to determine the appropriate category for a project: 1. I look for keywords
listed in Table 1.1. If all the keywords fall into a particular category, such as production, I assign the project
to that category. 2. If the keywords fall into different categories, I count the keywords in each category and
assign the project to the category with the highest count. 3. In the least common case, when two categories
have the same count of keywords, I determine the category based on the order in which the keywords appear.

16Industrial firms are firms in the mining, manufacturing, and public utilities sectors. The National
Bureau of Statistics classifies 2-digit China Industrial Classification (CIC) 06 to 12 as mining, 13 to 43 as
manufacturing, and 44 to 46 as public utilities. Manufacturing is by far the largest category.

17In some years, a firm may drop out of the Survey because its sales in the prior year fell below the sales
threshold even as the firm remains operational. Later, if the firm’s sales improve, the firm will reappear in
the Survey. Thus, pooled multi-year Survey data is unbalanced by construction.
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ASIF reports on over 100 variables at the firm level, covering the firm’s identification (firm

ID, name, legal person, address, and industry), operational information (employment, gross

output, and value-added), and financial data from the three main accounting statements:

the balance sheet, cash flow, and income statement.

Despite the richness and usefulness of the ASIF in studying Chinese firm-related ques-

tions, it is well understood that it has many data quality issues. For instance, the ASIF

has no unique identifier that can link the firms over time. The firm ID and name variables

are known to change when firms change ownership or undergo mergers and acquisitions. In

addition, multiple firms may share the same ID, perhaps due to misreporting. However, to

study the effects of R&D FDI on firms, I must be able to follow the same firm over time

consistently. Therefore, I use a rigorous algorithm developed by Brandt et al. (2012) that

matches firms across years using the firm ID, name, legal person, address, and industry infor-

mation. The matched data is an unbalanced panel with 162, 885 firms in 2000 and 344, 875

firms in 2013. Table A1 shows the number of firms by year and their entry and exit status.

On average, the annual attrition rate is 15.5%, with just 3.14% of all firms surviving the

entire 14-year sample period.

Another well-understood issue with the ASIF is that it has many noisy observations.

Hence, I follow the standard procedure by Cai and Liu (2009) and Yu (2015) and first

remove observations with missing, zero, or negative values among the key financial variables,

including total assets, the net value of fixed assets, sales, gross industrial output, and the

number of employees. Second, I drop firms with fewer than eight employees and observations

that violate the Generally Accepted Accounting Principles (Yu, 2015).18 Lastly, I exclude

intermediary firms,19 as they do not produce anything in-house, and keep only a sample of

18The rules are: 1. total assets must be greater than liquid assets; 2. total assets must be greater than
total fixed assets; 3. total assets must be greater than the net value of the fixed assets; 4. the establishment
date must be valid (the opening month is between January and December).

19Intermediary firms are identified by the presence of terms such as “trading” and “importing and export-
ing” in their firm names. This paper searches for the Chinese characters “贸易” (mào ỳı), “外贸” (wài mào),
“外经” (wài j̄ıng), “进出口” (j̀ın chū kǒu), “经贸” (j̄ıng mào), “工贸” (gōng mào), “科贸” (kē mào), and
“边贸” (biān mào) in firm names.
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manufacturing firms.20 The final filtered ASIF sample has 3, 519, 514 firm-year observations

between 2000 and 2013.

1.3.3 The General Administration of Customs Data

The Chinese General Administration of Customs compiles a highly disaggregated trade

dataset covering the universe of Chinese imports and exports. For each trade transaction,

this dataset records the Harmonized System 8-digit product code (HS8), partner country,

year, the customs regime,21 as well as the transactions’ value and quantity.22 These variables

are necessary for estimating product quality, which is the dependent variable of this paper.

Conveniently, the Customs data also contains detailed information on the firms engaging in

the trade, such as the firm name, zip code, phone number, and contact person, which allows

the researcher to merge the trade data with the ASIF data.

To clean the Customs data, I closely follow Fan et al. (2015) and Brandt et al. (2012).

First, I drop all intermediary firms from the sample, as is the case for ASIF. Second, I

aggregate the data from the HS 8-digit to the HS 6-digit level (HS6). This transformation

allows me to concord the product codes over time, as concordance tables for China’s HS8

code are unavailable. I convert the HS2002, HS2007, and HS2012 6-digit codes into HS1996

using the United Nations Statistics Division correspondence tables. Lastly, I deflate the

export values using Brandt et al. (2012)’s output deflators. The original deflators from

Brandt et al. (2012) are in the 4-digit China Industrial Classification (CIC) and are only

available until 2007. I use the HS-CIC concordance table and Stata code from Brandt et al.

(2017) to bridge the CIC code and the HS6 code, then calculate deflators for each year up to

2013. Finally, the unit value is the deflated export value divided by the physical quantity. In

the end, I have 49, 719, 378 observations for exports between 2000 and 2013 at the firm-HS6

20I keep industries whose 2-digit CIC is from 13 to 43, including the endpoints. For the years before 2003,
4-digit CIC 1711, 1712, 1713, 1714, 1719, 2220, 3648, 3783, 4183, and 4280 are also dropped from the sample
as these CICs are special cases of services (Brandt et al., 2012).

21China uses 20 different customs regimes to indicate the purpose of trade, e.g., ordinary trade, processing
and assembling, and processing with imported material.

22Value is (Free on Board) FOB for exports and CIF (Cost, insurance, and freight) for imports.

15



product-country-year level.

1.3.4 Merging Data

I combine all three datasets to construct the final sample for regression analysis. First, I

match the ASIF data and the Customs data. Because these two datasets have no common

keys, I follow Yu (2015) and use a two-step matching process. First, I match by firm name

and year. Then, I match by year, zip code, and the last seven digits of the firm’s phone

number. The matched sample from 2000 to 2013 consists of 12, 944, 206 observations at

the firm-HS6 product-country-year level. Table A2 shows the matching outcome by year.

Overall, the matched sample covers 31.5% of all exporters and 47.7% of the total export

value. Although the matching rate by the number of exporters is lower than the literature’s,

the matching rate by export value is comparable to Fan et al. (2015). Finally, I match

the FDI project data with the merged ASIF-Customs data using the firm name and year

information.

1.4 Model

I develop a simple two-country, monopolistically competitive, heterogeneous firm model with

endogenous quality in partial equilibrium. The model’s production structure closely follows

Johnson (2012), which I extend to allow for production fragmentation by vertical FDI,

referencing in Helpman (1984).

1.4.1 Preference

Two countries, North and South, are indexed by j = n, s. In country j, there is a rep-

resentative consumer whose constant elasticity of substitution (CES) preferences is given
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by

Uj =
(∫

Ωj

[qj(ω)xj(ω)]
σ−1
σ dω

) σ
σ−1

(1.1)

where ω is a variety of a differentiated good, and Ωj represents the set of all differentiated

varieties available in country j. Note that this differentiated good sector is small compared

to the overall economy. xj(ω) is the quantity of variety ω, counted in the physical unit,

and qj(ω) is the quality of variety ω. Here, quality acts as a utility shifter, capturing all

attributes of the variety that appeal to consumers, excluding price. Thus, if prices are

the same, higher-quality varieties are consumed in larger quantities. Finally, σ > 1 is the

elasticity of substitution between the varieties. Standard optimization yields:

xj(ω) = [qj(ω)]
σ−1[pj(ω)]

−σ Mj

P 1−σ
j

(1.2)

where pj(ω) is the price of variety ω in country j, and Mj is the portion of aggregate income

that country j spents on the differentiated good. Pj denotes the CES aggregate price index:

Pj =
(∫

Ωj

[
pj(ω)/qj(ω)

]1−σ
dω

)1/(1−σ)

Thus far, my setup mirrors Johnson (2012), Fan et al. (2015), and others who embed en-

dogenous quality into the Melitz (2003) model.

1.4.2 Firm Production

Firms in country j engage in monopolistic competition. Each firm produces a single variety

ω of the differentiated good. An idiosyncratic productivity parameter φ with density g(φ)

over (0,∞) denotes the physical efficiency of each firm.

A firm chooses the price and the quality of the variety ω it produces. Firstly, the firm

invests fj(qj(ω)) to develop a product with the quality level qj(ω). This step is akin to
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the R&D stage, and fj(qj(ω)) is the fixed cost of quality upgrading. Following Johnson

(2012), I let fj(qj(ω)) to take a specific function form: wh
j [qj(ω)]

α, where α > 0 and qj(ω) =

(lhj )
1/α. I assume that “quality production”, or R&D, requires high-skill labor lhj as inputs,

whose efficiency-adjusted wage in country j is wh
j . Second, the firm employs low-skill labor

llj to manufacture the physical outputs with constant returns to scale technology. I let

MCj(qj(ω), φ) =
wl

jqj(ω)
β

φ
and assume 0 < β < 1 and 0 < (1 − β)(σ − 1) < α. These

assumptions ensure the existence of a solution to the firm’s optimization problem. wl
j is the

low-skill labor’s efficiency-adjusted wage. Note here that the marginal cost of manufacturing

MCj(qj(ω), φ) is increasing in the quality of the variety.

A firm can sell its outputs domestically or export to the foreign market. In the first case,

the firm pays a fixed cost of fD, while in the second, fX . The costs are measured in the home

country’s wage for high-skill labor. Let j = n, s index the country where production occurs,

and i = n, s index the destination country. In addition, exporting also incurs a τji > 1

iceberg trade cost, where firms must ship τji > 1 units of good from country j for one unit

to arrive in country i (τjj = 1).

Finally, I take inspiration from Verhoogen (2008) and treat a firm as having two separate

production lines, one for the domestic market and one for the export market, each producing

a variety with a specific level of quality for that market. This separability leads the firm to

maximize profit for each market independently.

The firm’s optimal quality and price are:

q∗ji(φ) =
[
Bi

(1− β

α

)(σ − 1

σ

)σ(τjiwl
j

φ

)1−σ 1

wh
j

] 1
α−(1−β)(σ−1)

(1.3)

and

p∗ji(φ) =
[
Bi

(1− β

α

)(σ − 1

σ

)β−α+σ−1
β

(τjiwl
j

φ

)α−σ+1
β 1

wh
j

] β
α−(1−β)(σ−1)

(1.4)

18



where Bi =
Mi

P 1−σ
i

. P 1−σ
i now involves aggregating the prices over every firm that sells in

market i:

Pi =
(∫ ∞

φmin
ii

[
pii(φ)/qii(φ)

]1−σ
g(φ)dφ

)1/(1−σ)

+
(∫ ∞

φmin
ji

[
pji(φ)/qji(φ)

]1−σ
g(φ)dφ

)1/(1−σ)

Equations 1.3 and 1.4 indicate that firms with greater productivity produce higher quality

goods, though they may not charge higher prices.23 On the other hand, conditional on φ,

quality is decreasing in both skilled and unskilled wages and increasing in market demand

Bi.

The profits from domestic sales and exports are:

πd∗

jj (φ) = Φ ·B
α
κ
j

( 1

wh
j

)α−κ
κ
φ

(σ−1)·α
κ − fDw

h
j (1.5)

πe∗

ji (φ) = Φ · (τ 1−σ
ji Bi)

α
κ

( 1

wh
j

)α−κ
κ
φ

(σ−1)·α
κ − fXw

h
j (1.6)

where Φ ≡ κ
α−κ

[(
1−β
α

)(
σ−1
σ

)σ

(wl
j)

1−σ
]α

κ
and κ ≡ α− (1− β)(σ − 1).

Because profitability is increasing in φ for πd∗
jj and πe∗

ji , the initial fixed costs of fD and

fX imply that there exist two entry cut-offs, φmin
ii and φmin

ji , where they satisfy πd∗
jj (φ

min
ii ) = 0

and πe∗
ji (φ

min
ji ) = 0.

1.4.3 The Southern Firm and Effect of Outbound FDI Liberaliza-

tion

In the following discussion, I focus solely on the decisions facing firms in the South, wherein

outbound FDI liberalization takes place.

23In the optimal price function (Equation 1.4), the exponent of φ is σ−1−α
α−(1−β)(σ−1) . While the assumption

is that α − (1 − β)(σ − 1) > 0, whether σ − 1 − α > 0 is uncertain. Consequently, the correlation between
price and productivity remains indeterminate.
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Fragmenting Activities

Until now, I have assumed that R&D and manufacturing must occur in the same geographic

location. A Southern firm hires skilled and unskilled workers locally and pays them the pre-

vailing Southern wages, denoted as wh
s and wl

s (the subscript s denotes South), respectively.

Nevertheless, firms can fragment their production activities across different countries,

as in Helpman (1984). In Helpman (1984)’s framework, a firm first hires skilled labor in

its home country, implicitly assumed to be a developed economy, to create a firm-specific

intangible asset, e.g., managerial expertise, product designs, or other forms of intellectual

property. Later, the firm transfers this intangible asset to its production plants located

globally, and the plants then utilize the intangible asset to manufacture the physical output.

Drawing on Helpman (1984), I allow the Southern firms to split their production pro-

cess and relocate stage one, the R&D stage, to the North by establishing research-oriented

subsidiaries there. In reality, such international expansion only becomes possible after the

South (which, in this paper, is China) liberalizes its outbound FDI. To expand overseas,

the Southern firm must pay an additional fixed cost of fI in wh
s . However, such a firm also

benefits from the FDI because it gains access to the North’s pool of skilled labor, which is

superior. The North’s skilled wage is wh
n. Most critically, I assume that wh

n < wh
s . This

assumption draws on the fact that wages are efficiency-adjusted. For instance, suppose a

US-based researcher commands $200, 000 per year while a Chinese researcher receives only

$50, 000 per year. However, as Section 1.2.1 details, the US-based researcher is superior in

R&D. Thus, it could take the Chinese researcher four or five times longer to accomplish the

same task or generate the same level of quality output as the US-based researcher. Hence,

adjusting for the Chinese researcher’s efficiency, his wage is $200, 000 to 250, 000 per year,

which is more expensive than his US counterpart’s. I assume that post-FDI, the Northern

research subsidiary assumes R&D responsibility for products sold in the home and the export

market. The relocation of R&D thus reduces the cost of quality upgrading. I also assume

that manufacturing stays in the South so that the cost of unskilled labor that the firm faces
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remains the same.

I derive two propositions.

Comparative Statics

Proposition 1 φmin
d , φmin

e , and φmin
i are the productivity cut-off point for domestic sales,

exports, and R&D FDI of the Southern firm post-FDI liberalization, respectively. When

fX
fD

>
(

τ1−σ
sn Bn

Bs

)α
κ
and fI

fX
>

[(
Bs

τ1−σ
sn Bn

)α
κ
+ 1

](
wh

s

wh
n

)α−κ
κ
, we have φmin

d < φmin
e < φmin

i .

Proof. See Appendix A.1.

Proposition 1 implies that post-FDI liberalization, the most productive Southern firms

engage in R&D FDI while continuing to sell their products in the domestic and export

markets. The next most productive firms also sell goods in both markets but do not engage in

R&D FDI. The third most productive firms only sell domestically, while the least productive

firms exit the sector altogether. The intuition is this: only firms with sufficiently high

productivity find it profitable to become multinationals, and they alone can take advantage

of the North’s lower efficiency-adjust cost of skilled labor.

Proposition 2 For a Southern firm with φ > φmin
i who engages in R&D FDI, the quality

of its exports to the North increases post-FDI.

Proof. From Equation 1.3, we can express the ratio of a Southern firm’s export quality

before and after FDI as:

q∗beforesn

q∗postsn

=

[
Bn

(
1−β
α

)(
σ−1
σ

)σ(
τsnwl

s

φ

)1−σ
1
wh

s

] 1
κ

[
Bn

(
1−β
α

)(
σ−1
σ

)σ(
τsnwl

s

φ

)1−σ
1
wh

n

] 1
κ

=
(wh

n

wh
s

) 1
κ
< 1

(1.7)

Therefore q∗beforesn < q∗postsn , given that wh
n < wh

s and κ > 0.

In the following section, I test Proposition 2 empirically.
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1.5 Empirical Methodology

In this section, I discuss the setup and rationale of the empirical model, how I address self-

selection and other endogeneity concerns, and the process for estimating the key regression

variables.

1.5.1 Baseline Estimation

To empirically test the effect of R&D FDI on the export quality of Chinese firms engaged

in such investments, which Proposition 2 predicts to be positive, I estimate the following

model in levels:

ln(qfhct) = β0 + β1FDIft + ϑ′Zft + ιHHIst + δfhc + δht + δct + δpt + εfhct (1.8)

In this equation, the dependent variable ln(qfhct) is the inferred product quality of firm f

exporting HS6 product h to country c in year t. I estimate quality using the elasticity of

substitution estimates from Broda and Weinstein (2006) (Section 1.5.2 details the estimation

methodology). FDIft is the explanatory variable of interest, and it is equal to 1 if the firm

has R&D FDI and 0 otherwise. For example, suppose a firm first establishes an R&D lab in

Germany in 2009, then FDIft is 0 from 2000 to 2008 and 1 from 2009 to 2013. Consistent with

the existing literature, I assume that the firm’s foreign affiliates continue their operations

following the initial investment and that there is no exit from FDI. The vector Zft comprises

time-varying firm-level controls, including firm productivity, size, and age measures. HHIst

denotes the Herfindahl index at the 4-digit CIC level for each year t. δfhc is the firm-product-

country fixed effects while δht, δct, δpt are the product-year, country-year, and province-year

fixed effects, respectively. εfhct represents an i.i.d. error term.
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Endogeneity Concerns

Firms do not engage in FDI randomly; instead, they self-select into such investments based

on their productivity (Helpman et al., 2004) and other unobserved firm characteristics, for

example, entrepreneurial spirit, management foresight, and technological advantages. Prior

studies have firmly established that larger, more productive firms are more likely to under-

take FDI. However, high-productivity firms are also more inclined to produce and export

high-quality goods (Kugler & Verhoogen, 2012). Therefore, I include firm-product-country

fixed effects and firm productivity measurements (Section 1.5.3) in my regression models to

address these confounding effects. By doing so, I capture all firm-specific, time-invariant

determinants of export quality, plus an essential time-varying determinant. Additionally, I

account for the heterogeneity of quality demand across products and countries. The latter

control is significant because firms often adjust the quality of their specific HS6 products

based on the export destination country, shipping higher quality goods to wealthier countries

due to a greater demand for quality in those markets (Bastos & Silva, 2010; Demir, 2011;

Hallak, 2006; Manova & Zhang, 2012; Verhoogen, 2008).

In addition to concerns posed by firm self-selection, the trade literature on quality also

highlights the impact of input trade liberalization on export quality. Several studies focusing

on developing countries find that tariff reductions prompt firms to upgrade the quality of

their exports, either because these firms now gain better access to high-quality inputs (Bas &

Strauss-Kahn, 2015; Fan et al., 2015; Feng et al., 2016; Xu & Mao, 2018) or because they face

heightened competition from imported goods (Fernandes & Paunov, 2013; Martin & Mejean,

2014; Medina, 2022). Ideally, one would construct some firm-specific measures of tariff

changes as control.24 However, implementing this method requires knowledge of the value

share of inputs within the bundle of intermediates actually imported by the firms, which is

24Controlling for firm-specific tariff changes compares the export quality of FDI firms to that of non-FDI
firms facing similar effective tariff reductions over time. Since the independent variable, FDI, is also firm-year
varying, having firm-year fixed effects in the regression is out of the question. Thus, the next best thing to
do is to use firm-specific tariff changes.
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only available for a fraction of exporters who are also importers. Not to mention, this method

loses the extensive margin effects because firms may introduce new inputs and discontinue

using old ones in their production processes over time. Alternatively, one could compute

industry-level tariffs using input-output tables. However, such measures are relatively crude

and are not firm-specific.25 Therefore, I adopt a viable workaround by assuming no significant

variation in the input mix among Chinese firms exporting the same narrowly defined HS6

product. Under this assumption, controlling for the HS6 product-year fixed effects would be

sufficient to account for the quality-enhancing effects of trade liberalization. At a minimum,

this approach offers better resolution than using the industry-level measures of tariff changes

alone.

Furthermore, I incorporate destination country-year fixed effects to capture changes in

the broader macroeconomic environment, such as in exchange rates, GDP, and tariffs levied

on imports from China. These factors shift global demand and can impact the export

quality of Chinese firms. Additionally, I include province-year fixed effects to capture changes

in regional economic conditions within China, such as local GDP growth, infrastructure

development, and policy changes at the provincial level. These fixed effects further reduce

the probability that my results are driven by time-varying shocks other than FDI.

In summary, my identification strategy exploits the within firm-product-country quality

variation over time associated with changes in a firm’s FDI status and differences across

firms that have undertaken FDI and those that have not. Because it is the firms that make

the FDI decisions, I cluster standard errors at the firm level.

1.5.2 Quality Estimation

Product quality is not observable in the available trade data and, therefore, must be inferred.

Khandelwal et al. (2013) propose a practical method to estimate quality, which has gained

25The Chinese Input-Output tables from the National Bureau of Statistics of China have 122 CIC indus-
tries, which correspond to n HS-2 digit industries. Hence, the industry-level tariffs only vary at the HS2-year
level.
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widespread adoption in papers such as Fan, Li, and Yeaple (2018) and Fan et al. (2015)

and Bas and Strauss-Kahn (2015), who apply the original technique to the Chinese trade-

transactions data. Following their approach, I first log-transform Equation 1.2, the demand

function, rearrange, and then estimate the following equation using OLS:

ln(xfhct) + σi ln(pfhct) = ηh + ηct + υfhct (1.9)

Here, xfhct is the quantity demand for firm f ’s export of HS6 product h to the country c

in year t, pfhct is the unit value, and υfhct is the residual. The country-year fixed effects ηct

capture the price index and income of the destination country, while the product fixed effects

ηh control for the inherent differences across products. I use Broda and Weinstein (2006)’s

estimates of the elasticity of substitution26 and estimate Equation 1.9 on Chinese Customs

data from 2000 to 2013. The estimated residual is interpreted as the firm-product-country-

year level effective quality: υ̂fhct ≡ ln(q̂fhct).
27 The intuition is straightforward: conditional

on price, higher-quality products sell more units and therefore have a higher residual, υ̂fhct.

1.5.3 Productivity Measures

In Section 1.5.1, I outlined the impact of time-varying firm productivity on both FDI and

export quality. To mitigate the resulting selection bias, I construct three measures of firm

productivity to include as controls in the regression. First, for 2000-2007, I estimate two mea-

sures of total factor productivity (TFP) using the Olley and Pakes (1996) method (OP) and

the Levinsohn and Petrin (2003) method (LP), augmenting each method with the approach

of Ackerberg et al. (2015). In both methods, value-added serves as the production out-

put. Next, I deflate the firms’ material inputs and gross outputs using the sector-level price

deflators provided by Brandt et al. (2012, 2017). Finally, following Brandt et al. (2012),

26I convert Broda and Weinstein (2006)’s elasticity estimates in SITC Rev 3 into HS1996 at the 6-digit
level. Then, I aggregate them to the HS 2-digit level by taking the arithmetic mean.

27Here, I follow Fan et al. (2015) and define q̂fhct ≡ qσ−1
fhct, the quality that enters the demand function.
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I calculate real capital and real investment by adopting the perpetual inventory method:

Ift = Kft− (1−δft)Kft−1, where δft is each firm f ’s actual depreciation rate calculated from

the NBSC Survey data. Second, for 2000-2013, I compute the log of revenue per worker,

where revenue is also deflated using Brandt et al. (2012, 2017)’s output deflators. Due to

missing material inputs and value-added in the ASIF after 2007, TFP estimation is only

possible for 2000-2007. Consequently, in the baseline regression, I use the log of deflated

revenue per worker as a control; in the robustness check on an alternative sample period of

2000-2007, I use the two TFP measures as controls (Section 1.6.3).

1.6 Empirical Results

1.6.1 The Baseline Results

To test Proposition 2 (Section 1.4.3), I regress the log of inferred quality on an R&D FDI

dummy variable. I control for a range of covariates and fixed effects that are potentially

significant determinants of firm export quality. Table 1.4 presents the baseline regression

results.

In Column (1), I report the result of a bivariate ordinary least squares regression. The

point estimate of the FDI coefficient is large, at 5.999, and highly significant statistically,

at 1%. Thus, even at the most cursory level, we see evidence that FDI positively correlates

with higher export quality.

However, a firm’s self-selection into FDI by productivity (more productive firms are more

likely to conduct FDI) could bias the estimates in Column (1), most likely upwards by a

significant amount. Furthermore, changes in the macroeconomic environment between 2000

and 2013, such as trade liberalization and GDP growth in China and the rest of the world,

could influence export quality.

To address these concerns, I add the firm-product-country fixed effects, product-year fixed

effects, country-year fixed effects, and province-year fixed effects into the regression. Section
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1.5.1 discusses the justification of these fixed effects. Column (2) shows the result with these

additions. As expected, the beta point estimate decreases considerably from 5.999 to 0.623,

almost a 90% reduction. Despite this, it remains significant at the 5% level. The massive

drop in coefficient confirms a priori suspicion: untreated self-selection and endogeneity are

indeed large, significant, and upward biasing.

While the aforementioned fixed effects can control for the time-invariant firm, product,

and country factors and time-varying macroeconomic trends, they cannot control for time-

varying firm-level factors. The literature offers many such factors to consider. I choose

three variables: firm productivity, size, and age. According to the literature, these variables

strongly affect export quality and a firm’s probability of engaging in FDI. The maximum

correlation coefficient among these variables is 0.264, between firm size and age, alleviating

any fear of multicollinearity.

In Column (3), the size of the FDI coefficient drops again, from 0.623 to 0.525, while

the robust standard error increases from 0.286 to 0.293. The coefficient remains statistically

significant, albeit at only 10%. Note that the coefficients for log sales per worker and firm size

are positive and highly significant at 1%, in line with Proposition 1 and other overwhelming

findings in the literature: larger and more productive firms enjoy higher export quality. Firm

age does not affect quality.

Lastly, I add the Herfindahl index (HHI) to account for industry competition. The

HHI is computed at the 4-digit CIC level for each year t. Note that the coefficient and

robust standard error estimates in Column (4) are almost identical to those in Column (3),

suggesting that market power does not affect my results.

Column (4) is the preferred baseline result. According to the point estimate of the

FDI coefficient in this Column, firms who conduct R&D FDI will experience, on average,

a (e0.525 − 1) × 100 = 69.05% increase in export quality post-investment over time. This

change occurs within their existing export varieties, defined as a specific HS6 product and

destination country combination. The magnitude of the increase is comparable to other
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findings in the quality-upgrading literature. For example, Bas and Strauss-Kahn (2015)

report a 12.3% increase in firm export quality following tariff reductions in China. Fan et al.

(2015), who also studies China’s trade liberalization using the same micro-level firm data as

Bas and Strauss-Kahn (2015), find that the percentage increase in export quality can be as

high as 300% over five years.

In summary, R&D FDI is associated with increased export quality post-investment, sup-

porting Proposition 2. The results are robust to controlling for a wide range of fixed ef-

fects, firm characteristics, and industry-level variables. Nonetheless, several concerns remain.

First, the significance level for the main result is relatively weak, at only 10%. Second, out

of necessity, I use labor productivity instead of TFP as the productivity control, but labor

productivity may not be an adequate control. Third, other confounding factors could still

drive the positive association between FDI and export quality. In the following sections, I

address these concerns.

1.6.2 Alternative Specifications and Evidence on Extensive Mar-

gin Adjustment

The baseline specification is chosen to be consistent with my theoretical model. Abstracting

from the firm’s decision to enter and exit a country and HS6 product, Proposition 2 predicts

that when a firm adjusts the quality of its exports post FDI, it does so for its existing products

and export markets. In other words, the adjustment occurs along the export intensive margin

rather than the extensive margin. Therefore, I use firm-product-country fixed effects.

However, focusing on such a granular level of observations inevitably leads to a loss of

statistical power. This loss occurs because the firm-product-country fixed effects require

that the same firm-product-country combination have non-zero export values for at least

two years, one year before and one year after the FDI.28 On the other hand, firms and

28Among the treated firms, only 23.51% of the firm-product-country level observations satisfy the two-
period rule. This figure rises to 41.95% for firm-product level observations and to 53.19% for firm-level
observations.
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policymakers are more interested in understanding how FDI affects the firm as a whole

rather than just examining the impact on the firm’s existing markets and product lines.

Therefore, I consider two modified versions of the baseline regression:

ln(qfhct) = β0 + β1FDIft + ϑ′Zft + ιHHIst + δf(h) + δhc + δht + δct + δpt + εfhct (1.10)

The first version includes firm-product fixed effects, and the second uses only firm fixed

effects. Both versions add product-country fixed effects to account for the heterogeneity in

quality demand across countries for the same HS6 product. Previously, the firm-product-

country fixed effects absorbed this term. The other time-varying fixed effects and the firm

and industry-level controls are the same as in the baseline to ensure a comparable estimation.

One can glean two compelling findings from Table 1.5. First, all coefficients on FDI under

the two alternative specifications are positive and statistically significant at 5% (Panel A and

B, Columns (1) to (4)). Together with Table 1.4, these results provide robust support for

Proposition 2.

Second, as we move from Table 1.4 to Panel A and Panel B of Table 1.5, the magnitude

of the R&D FDI coefficient increases significantly, from 0.525 to 0.973 and then to 1.938

(Column (4)). This increase occurs as the empiric specification relaxes from examining

the within firm-product-country changes to within firm-product, and finally to within firm,

therefore suggesting that extensive margin adjustments play a prominent role in driving

firm-level quality improvements and that firms not only upgrade the quality of their existing

products sold in existing markets but also shift the composition of their exports toward

higher quality products and the countries that demand them the most.

1.6.3 Alternative Productivity Measures

So far, I have used only labor productivity, as measured by the log of deflated sales per

worker, as the productivity control in regressions conducted over the entire sample period
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from 2000 to 2013—labor productivity being the only productivity measure available for

this period (Section 1.5.3). Nonetheless, this choice of control is far from ideal. Labor

productivity can change even if the underlying production technology does not, for example,

if the capital-labor ratio changes. Therefore, the literature always prefers TFP when studying

technological change and firm performance (Brandt et al., 2012, 2017; Yu, 2015).

To ensure that the choice of productivity measure does not affect the main results, I

perform a robustness check using the Olley and Pakes (OP) and Levinsohn and Petrin (LP)

TFP estimates as controls, but for a restricted sample period from 2000 to 2007, for which

TFP estimation is feasible. I run the robustness check using the three specifications discussed

above. The results are as follows.

First, in Panels A and B of Table 1.6, the estimated coefficients on FDI are no longer

statistically significant, in contrast to the positive and significant results in Table 1.4 and

Table 1.5, Panel A. However, this lack of significance is probably not due to the use of TFP.

Comparing the numbers in Columns (3) and (4), Panel A and Panel B, where OP TFP

and LP TFP are the productivity controls, with the number in Column (2), where log sales

per worker is the control, or even with Column (1), where there is no productivity control

at all, one sees that both the magnitude and the standard errors of the coefficients remain

essentially unchanged. That is, the choice of productivity measures has minimal effect on

the outcome.

How, then, should we interpret the insignificance? Most likely, the insignificance is due

to the smaller number of observations in the restricted sample: only about 6.5% of all FDI

firms carried out FDI before 2007 (Table 1.3). Thus, by relaxing the fixed effects to within-

firm, one regains some statistical power: in Panel C of Table 1.6, the coefficients of R&D

FDI using all three productivity measures are consistent at around 2.3 - 2.4 and significant

at 5%, again in line with Proposition 2.

In conclusion, restricting the sample period to 2000-2007 significantly affects the regres-

sion results because fewer firms engage in FDI during this period. However, the evidence
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suggests that the main results are not sensitive to various productivity controls, which in-

creases confidence in the baseline results.

1.6.4 Placebo Test

To evaluate the reasonableness of R&D FDI as a quality-enhancing mechanism, I conduct

a placebo test using non-R&D FDI as the independent variable of interest instead of R&D

FDI. The selected non-R&D FDIs are Distribution, Marketing, Production, Services, and

Agriculture FDI. In addition, this section aims to address any remaining endogeneity con-

cerns.

Unlike R&D FDI, which firms pursue to gain access to the host country’s skilled labor

pool and technological infrastructure (Section 1.3.1), non-R&D FDIs are pursued for very

different reasons. For example, Fan, Lin, and Tang (2018) find that Chinese firms engage in

Production FDI to escape rising labor costs at home. Tian and Yu (2020) show that high

communication costs between international buyers and sellers lead Chinese firms to pursue

Marketing and Distribution FDIs. Moreover, my data on FDI projects demonstrates that

neither Services nor Agriculture FDI is undertaken to promote exports: Services FDI are

firms investing in the financial, real estate, and consulting sectors, while Agriculture FDI goes

to land-rich regions for farming, fishing, and forestry activities (Section 1.3.1). Since firms do

not seek any of these five non-R&D FDIs to enhance R&D capabilities, they should have little

or no effect on export quality. Therefore, their estimated coefficients should be insignificant.

However, if the coefficients are significant, this would indicate a deeper problem. In such

a case, missing variables may be responsible for the positive correlation between R&D FDI

and export quality, as shown in Tables 1.4, 1.5, and we likely have unaddressed endogeneity

at hand.

Table 1.7 presents the results of the placebo test. All columns in each panel include the

complete set of fixed effects and control variables, as is in the preferred baseline model. I find

no significant associations between the non-R&D FDIs and export quality, either positive
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or negative. These results are consistent with the expected outcome of the placebo test. In

short, the results in Table 1.7 validate the R&D FDI quality-enhancing channel and rule out

other potential confounders driving the baseline result.

1.6.5 Heterogeneity by Quality Differentiation

Research has shown that firms producing products with a higher degree of product differ-

entiation are more likely to invest in improving their quality (Eckel et al., 2015). While

the model of this paper assumes a single-product firm, in practice, almost all exporters are

multi-product firms. Therefore, I examine whether the effect of R&D FDI differs by the

scope for product differentiation.

Following the literature, I use four measures of product differentiation. First, I use the

Rauch (1999) classification, which divides the four-digit Standard International Trade Clas-

sification (SITC) Revision 2 codes into three categories, “goods traded on an organized

exchange”, “reference priced”, and “differentiated products”. I combine the first two cate-

gories into a “homogeneous” category and convert the SITC codes to HS1996, the coding

of my export data. For completeness, I adopt both the “liberal” and “conservative” classi-

fications in Rauch (1999), where “liberal” has fewer products classified as “ homogeneous”.

Second, I use the R&D and Advertising Intensity and the Modified Gollop-Monahan (G-M)

index. Data for both measures are taken from Kugler and Verhoogen (2012). The R&D

and Advertising Intensity is the ratio of advertising expenditure plus R&D expenditure to

total sales reported in the US Federal Trade Commission (FTC) 1975 Line of Business Sur-

vey, and the G-M index measures the dissimilarity of inputs within a sector, a proxy for

product differentiation used by papers such as Kugler and Verhoogen (2012) and Fan et al.

(2015). Lastly, I follow Fan et al. (2015) and construct a dummy variable indicating qual-

ity dispersion: I compute the quality variance for each HS6 product, and so a product is

considered highly dispersed if its quality variance is above the median quality variance of

all HS6 products across all sample periods (“All periods”) or all products in the year prior
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(“Lagged t − 1”). For each measure of product differentiation, I expect the coefficients of

differentiated products to be greater than those of homogeneous products.

Tables 1.8 through 1.10 present the results. While none of the coefficients on the interac-

tion terms are significant (except for “Lagged t−1”), they are still larger in magnitude than

the coefficients on the R&D FDI variable. When I divide the sample into two subgroups, the

coefficients associated with products with a higher degree of product differentiation, defined

by Rauch classifications and quality dispersion, are much larger and statistically significant

than those associated with homogeneous products. I repeat the regressions of Tables 1.8

through 1.10 using the alternative specifications described in Section 1.6.2. The results are

similar to those in Tables 1.8 through 1.10 (see Tables A3 through A8).

1.7 Conclusion

In this paper, I uncover a positive relationship between R&D FDI and export quality at the

firm level utilizing Chinese microdata. I overcame a critical data limitation that restricted

much of the prior research on Chinese outbound FDI, namely, the inability to identify the ob-

jectives of each FDI project reliably. I apply supervised machine learning to the MOFCOM

dataset and classify all non-tax haven FDI projects into eight categories (Table 1.2). I focus

on the R&D FDI as the variable of interest. Gathering insights from several business case

studies, I develop a theoretical framework with heterogeneous firms and endogenous quality

that features a specific quality upgrading mechanism—recruiting offshore experts with su-

perior innovation capability to carry out R&D. Testing the model’s prediction empirically, I

find strong evidence that R&D FDI is positively associated with export quality. This finding

is robust to alternative specifications and firm productivity controls. Additionally, the posi-

tive correlation is more pronounced in sectors where the scope for product differentiation is

larger.

An important caveat of this paper is that the uncovered correlation does not explain

33



the whole of China’s quality upgrading over the last thirty years. Other sweeping changes,

such as privatization in the 1990s and trade liberalization in the early 2000s (China joined

the WTO in 2001), would likely have impacted China’s overall export quality considerably

more. Nevertheless, as China moves up the quality ladder, achieving additional marginal im-

provements becomes ever more challenging. In this regard, examining the potential impact

of R&D FDI on export quality is particularly meaningful because most R&D FDI happened

after 2008, when trade liberalization had already significantly boosted quality in the pre-

ceding years. The outcomes of this study hold significant policy implications for developing

and developed countries. For developing countries, the findings suggest that incentivizing

outbound FDI could be a viable strategy for promoting economic development. For devel-

oped countries, the findings raise the question of whether or not to restrict inward FDI to

safeguard national interests, a decision that could have far-reaching economic consequences.

While this paper has made ways to understand the relationship between R&D FDI and

export quality, some areas still require further exploration. For one, this paper focuses on

quality adjustments along the firm-product-country intensive margin but dedicates little

attention to adjustments along the extensive margin, i.e., how firms enter and exit countries

and product categories. However, extensive margin adjustments are crucial for evaluating the

competitive pressure Chinese exports exert on incumbent players. For example, is R&D FDI

enabling China to break into high-value product segments previously beyond its capability?

Is China’s export market share increasing as a result? These are questions that researchers

may find fruitful to explore in the future.
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Figures

Figure 1.1: Chinese FDI Outflow and Policy Reform
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Tables

Table 1.1: Keywords of FDI Projects

Keywords
R&D Research, development, patent, design, laboratory
Agriculture Cultivation, farming, breeding, fishing, irrigation, animal husbandry
Infrastructure Civic engineering, communications, construction, infrastructure,

contracting, bridges, roads, electrical, water supply, municipal government
Distribution Wholesale, retail, sales, trading
Marketing Market research, information collection, promotion,

business development, order processing, post-sales support, advertising
Production Production, manufacturing, processing, assembling
Resource Mining, excavation, logging, drilling, oil, gas, minearls
Services Finance, real estate, restaurants, travel, publishing, consulting
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Table 1.2: Number of FDI Projects by Machine Learning, 1987-2015

#Project %Total
R&D 2212 8.4
Agriculture 1624 6.1
Infrastructure 2798 10.6
Distribution 5302 20.0
Marketing 3779 14.3
Production 4357 16.5
Resource 2257 8.5
Services 4154 15.7
Total 26483 100.0

Note: The sample period is 1987 to 2015.
FDI to tax havens excluded. All remaining
projects are classified into eight categories
using text classification, supervised machine
learning.
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Table 1.3: Chinese R&D FDI by Year, 1999-2015

Project Firm

Number %Total Number %Total
1999 1 0.0 1 0.0
2000 2 0.1 2 0.1
2002 4 0.2 4 0.2
2003 3 0.1 3 0.1
2004 6 0.3 6 0.3
2005 31 1.4 31 1.5
2006 37 1.7 36 1.8
2007 48 2.2 48 2.4
2008 52 2.4 50 2.4
2009 106 4.8 99 4.9
2010 140 6.3 129 6.3
2011 182 8.2 169 8.3
2012 187 8.5 177 8.7
2013 256 11.6 241 11.8
2014 361 16.3 335 16.4
2015 796 36.0 710 34.8
Total 2212 100.0 2041 100.0

Notes: Columns (1)-(2) concern R&D FDI projects,
and columns (3)-(4) concern the firms which conducted
them. FDI to tax havens excluded.
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Table 1.4: Basic Results: Effect of R&D FDI on Export Quality, 2000-2013

(1) (2) (3) (4)
ln(qfhct) ln(qfhct) ln(qfhct) ln(qfhct)

R&D FDI 5.999∗∗∗ 0.623∗∗ 0.525∗ 0.525∗

(1.552) (0.286) (0.293) (0.293)

Log Sales per worker 0.462∗∗∗ 0.463∗∗∗

(0.0570) (0.0570)

Log Number of workers 0.442∗∗∗ 0.443∗∗∗

(0.0758) (0.0760)

Age 0.00464 0.00459
(0.00475) (0.00474)

HHI -1.870
(1.752)

Firm-Product-Country FE No Yes Yes Yes
Product-Year FE No Yes Yes Yes
Country-Year FE No Yes Yes Yes
Province-Year FE No Yes Yes Yes
Observations 12944206 9668235 9668235 9668235
R-Squared 0.000122 0.759 0.759 0.759

Notes: Robust standard errors clustered at the firm level are reported in parentheses.

Significance: *** p<0.01, ** p<0.05, * p<0.1.
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Table 1.5: Alternative Empirical Specifications

(1) (2) (3) (4)
ln(qfhct) ln(qfhct) ln(qfhct) ln(qfhct)

Panel A: Firm-Product FE

R&D FDI 5.999*** 1.063** 0.973** 0.973**
(1.552) (0.459) (0.472) (0.473)

Log Sales per worker 0.366*** 0.366***
(0.0563) (0.0563)

Log Number of workers 0.335*** 0.336***
(0.0760) (0.0761)

Age 0.00618 0.00614
(0.00420) (0.00419)

HHI -1.381
(1.726)

Firm-Product FE No Yes Yes Yes
Product-Country FE No Yes Yes Yes
Product-Year FE No Yes Yes Yes
Country-Year FE No Yes Yes Yes
Province-Year FE No Yes Yes Yes
Observations 12944206 12181988 12181988 12181988
R-Squared 0.000122 0.645 0.645 0.645

Panel B: Firm FE

R&D FDI 5.999*** 2.051** 1.940** 1.938**
(1.552) (0.867) (0.900) (0.901)

Log Sales per worker 0.313*** 0.312***
(0.0766) (0.0767)

Log Number of workers 0.230** 0.229**
(0.102) (0.102)

Age -0.00143 -0.00139
(0.00540) (0.00541)

HHI 2.540
(2.863)

Firm FE No Yes Yes Yes
Product-Country FE No Yes Yes Yes
Product-Year FE No Yes Yes Yes
Country-Year FE No Yes Yes Yes
Province-Year FE No Yes Yes Yes
Observations 12944206 12866539 12866539 12866539
R-Squared 0.000122 0.374 0.374 0.374

Notes: Robust standard errors clustered at the firm level are reported in
parentheses. Significance: *** p<0.01, ** p<0.05, * p<0.1.
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Table 1.6: Alternative Productivity Measures and with Restricted Sample 2000-2007

(1) (2) (3) (4)
ln(qfhct) ln(qfhct) ln(qfhct) ln(qfhct)

Panel A: Firm-Product-Country FE

R&D FDI -0.248 -0.220 -0.225 -0.228
(0.647) (0.647) (0.665) (0.665)

Log Sales per worker 0.619***
(0.0573)

ln TFPOP 0.217***
(0.0353)

ln TFPLP 0.229***
(0.0350)

Observations 3411911 3411911 3341420 3341420
R-Squared 0.866 0.866 0.866 0.866

Panel B: Firm-Product FE

R&D FDI 0.641 0.650 0.688 0.684
(0.509) (0.507) (0.521) (0.521)

Log Sales per worker 0.501***
(0.0626)

ln TFPOP 0.204***
(0.0387)

ln TFPLP 0.214***
(0.0383)

Observations 4734406 4734406 4653472 4653472
R-Squared 0.734 0.734 0.733 0.733

Panel C: Firm FE

R&D FDI 2.354** 2.330** 2.487** 2.489**
(1.027) (1.023) (1.066) (1.066)

Log Sales per worker 0.380***
(0.0825)

ln TFPOP 0.180***
(0.0518)

ln TFPLP 0.204***
(0.0534)

Observations 5138303 5138303 5053375 5053375
R-Squared 0.431 0.431 0.431 0.431
Panels A, B, and C:
Fixed Effects Yes Yes Yes Yes
Firm-level Controls No Yes Yes Yes
Competition Control No Yes Yes Yes

Notes: Significance: *** p<0.01, ** p<0.05, * p<0.1. Robust standard errors
clustered at the firm level are reported in parentheses. All regressions include fixed
effects. Additional firm-level controls include firm size (Log Number of workers)
and age. Competition control refers to the Herfindahl index (HHI) at 4-digit CIC
for each year.
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Table 1.7: Placebo: Results with Non-R&D FDI

(1) (2) (3) (4) (5)
ln(qfhct) ln(qfhct) ln(qfhct) ln(qfhct) ln(qfhct)

Panel A: Firm-Product-Country FE

DISTR 0.151
(0.557)

MARKET 0.834
(0.862)

PROD -0.819
(0.890)

SERV 0.220
(0.577)

AGR 0.419
(0.697)

Observations 9668235 9668235 9668235 9668235 9668235
R-Squared 0.759 0.759 0.759 0.759 0.759

Panel B: Firm-Product FE

DISTR -0.0411
(0.545)

MARKET 0.854
(0.916)

PROD -0.575
(0.739)

SERV -1.068
(0.807)

AGR 0.468
(0.566)

Observations 12181988 12181988 12181988 12181988 12181988
R-Squared 0.645 0.645 0.645 0.645 0.645

Panel C: Firm FE

DISTR -0.00103
(0.699)

MARKET 1.044
(1.276)

PROD -0.235
(0.591)

SERV -2.782
(1.892)

AGR 1.163
(0.742)

Observations 12866539 12866539 12866539 12866539 12866539
R-Squared 0.374 0.374 0.374 0.374 0.374
Panels A, B, and C:
Fixed Effects Yes Yes Yes Yes Yes
Firm-level Controls Yes Yes Yes Yes Yes
Competition Control Yes Yes Yes Yes Yes

Notes: Significance: *** p<0.01, ** p<0.05, * p<0.1. Robust standard errors clustered
at the firm level are reported in parentheses. All regressions include fixed effects, firm-
level controls, and competition control. Firm-level controls include productivity (Log
Sales per worker ), firm size (Log Number of workers) and age. Competition control
refers to the Herfindahl index (HHI) at 4-digit CIC for each year.
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Chapter 2

Trading the Old for the New: R&D

FDI and Export Margin Expansion

2.1 Introduction

A small percentage of firms that export multiple products to multiple destinations domi-

nate international trade (Bernard et al., 2012). Understanding the behavior of these firms

can significantly improve our understanding of aggregate trade patterns. While numerous

studies have examined how factors such as economic crises and market integration affect a

firm’s export extensive margins (Bernard et al., 2009; Berthou & Fontagné, 2013; Muûls,

2015), no research has yet explored the impact of outbound foreign direct investment (FDI),

particularly R&D FDI originating from developing countries on the same outcome.

This paper fills this gap. In this context, R&D FDI refers to FDI aimed at establishing

R&D facilities abroad for a firm’s product development and innovation activities. Using

extraordinarily rich micro-data from China that allows me to control for a firm’s self-selection

into FDI, I study how R&D FDI affects the firm’s extensive margin. More specifically, I look

at the number of products exported and the number of countries supplied. I focus on the

extensive margin adjustment of surviving exporters while deferring the more complex issues
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of firm entry, exits, and export duration to future projects.1

Economic theory suggests that R&D FDI should positively affect a firm’s export extensive

margin. First, Chapter 1 of this dissertation finds that R&D FDI improves the quality

of firms’ exports. According to Bernard et al. (2011), firm profitability depends on two

attributes: firm ability, which is specific to the firm, and consumer taste for a product, which

is specific to the product-country pair. In this framework, firm ability can be interpreted

as firm productivity, while consumer taste can be seen as a preference that depends on

product quality. Firms incur a fixed cost to supply each product in every destination market.

Therefore, as product quality improves, firms can generate higher variable profits to cover

these fixed costs. Consequently, even at the same level of productivity, firms can export

a wider range of products to more markets due to the enhanced product quality. Second,

several empirical studies find that engaging in FDI of any type raises the productivity of

Chinese firms (Chen & Tang, 2014; Cozza et al., 2015; Huang & Zhang, 2017). According to

Bernard et al. (2011), increased productivity should expand both the product and country

extensive margins. Third, FDI in R&D, as a form of R&D investment, enables firms to

innovate and add new products (Klette & Kortum, 2004), thereby expanding the portfolio

of products available for export.2

In this paper, I combine three datasets that provide comprehensive information on Chi-

nese firms’ operations, including sales, fixed assets, and the number of employees, as well

as export transactions by firm, product, and destination country. With this data, I can

calculate the number of products exported, the number of countries a firm serves, and the

quality of exports. The third dataset is particularly unique as it contains detailed informa-

tion on the objective or type of each outbound FDI project. Constructed in Chapter 1 of

this dissertation, it allows researchers to identify whether a project is related to distribution,

1For instance, examining how long a product is exported before it is dropped.
2In this paper, I do not observe the exact channels through which extensive margin expansion occurs. To

do so would require access to more data than I currently have available. For example, to test whether new
products were added (the third channel), I would need product-level data not only on firms’ exports but also
on their domestic sales. Instead, my empirical exercise captures the net effect of R&D FDI on the extensive
margins, encompassing all three channels.
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natural resources, R&D, or other categories. Since different types of FDI are motivated by

different considerations, distinguishing among these types enables me to specifically test the

effect of R&D FDI while excluding the confounding effects of other types of FDI.

Empirically, I employ a two-way fixed effects specification, including firm productivity,

size, age, province-year fixed effects, and controls for marketing and distribution FDI. Identi-

fication relies on exploiting the within-firm variation in the number of products and countries

over time associated with changes in a firm’s R&D FDI status, as well as the differences be-

tween firms that have undertaken R&D FDI and those that have not. My results show that

R&D FDI significantly increases the number of products, defined at the Harmonized System

6-digit level (HS6), the number of destination countries, and the number of product-country

pairs, in line with the theory’s predictions discussed earlier. Specifically, R&D FDI increases

the number of products by 31.7%, the number of countries by 13.3%, and the number of

product-country pairs by 35.4%. To put these findings into perspective, a study of German

manufacturing firms found that foreign-owned firms export 23% to 39% more products and

ship to 11% to 31% more destinations than domestic firms (Raff & Wagner, 2014). There-

fore, the impact of conducting R&D FDI is comparable to the substantial effects seen with

changes in ownership.

Looking more closely at product quality, I find that new product-country entrants—defined

as product-country pairs within a firm present after R&D FDI but not before—exhibit the

highest average quality. Continuing product-country pairs, which are present in both before

and after periods, rank second in quality, while exiting product-country pairs, present only in

the before period, rank last. This quality ranking suggests that R&D FDI induces intra-firm

product churning: firms discontinue their lowest-quality exports, maintain medium-quality

exports, and leverage their highest-quality products to penetrate new markets.

The rest of this paper is organized as follows: In Section 2.2, I present the data used

in my empirical analysis. In Section 2.3, I discuss the empirical methodology employed. In

Section 2.4, I present the estimation results. Finally, Section 2.5 provides the conclusion.
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2.2 Data

This section provides an overview of the three datasets I utilized in this paper and details

the process of cleaning and merging them.

2.2.1 The General Administration of Customs Data

I employed data compiled by the General Administration of Customs, which encompasses all

Chinese trade transactions from 2000 to 2013. Specifically, this dataset reports each cross-

border trade flow according to the Harmonized System 8-digit (HS8) product classification,

destination or origin country, shipment date, and customs regime.3 It also includes the value4

and quantity of each transaction. This detailed product and country information allows me

to calculate the number of products exported and the number of countries served by each

firm, which serve as the dependent variables in this paper. Additionally, the Customs data

provides detailed identifiers for the firms involved in each transaction, including firm name,

zip code, phone number, and contact person. I use this information to merge the trade data

with the Annual Survey of Industrial Firms (ASIF) data.

When cleaning the Customs data, I follow the methodologies outlined in Fan et al.

(2015) and Brandt et al. (2012). First, I exclude all intermediary firms5 from the sample

and aggregate the transactions from HS8 to HS6. Next, I concord the HS2002, HS2007, and

HS2012 codes into HS1996 using correspondence tables from the United Nations Statistics

Division. Finally, I deflate the export values using output deflators from Brandt et al. (2012),

extending the series to cover up to the year 2013 using Stata codes provided by Brandt et al.

(2017).

3China uses 20 different customs regimes to indicate the purpose of trade, e.g., ordinary trade, processing
and assembling, and processing with imported materials.

4Values are reported as Free on Board (FOB) for exports and Cost, Insurance, and Freight (CIF) for
imports.

5Intermediary firms are identified by the presence of terms such as “trading” and “importing and export-
ing” in their firm names. This paper searches for the Chinese characters “贸易” (mào ỳı), “外贸” (wài mào),
“外经” (wài j̄ıng), “进出口” (j̀ın chū kǒu), “经贸” (j̄ıng mào), “工贸” (gōng mào), “科贸” (kē mào), and
“边贸” (biān mào) in firm names.
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2.2.2 The Annual Survey of Industrial Firms

I utilize the Annual Survey of Industrial Firms (ASIF) from the National Bureau of Statistics

of China to gather firm characteristics. This dataset comprehensively surveys “above-scale”

industrial firms, defined as firms in the mining, manufacturing, and public utilities sectors6

that achieve annual sales above a specified threshold.7 The ASIF comprises detailed infor-

mation on over 100 firm-level variables. These include identification details such as firm ID,

name, legal person, address, and industry classification. Additionally, the dataset provides

extensive operational information like the number of employees, gross output, and value-

added. It also includes key financial data from the three main accounting statements: the

balance sheet, cash flow statement, and income statement.

Despite its comprehensive scope, the ASIF is not without its data quality challenges.

First, the dataset lacks a consistent and unique identifier that would allow firms to be

tracked over time, as firm IDs and names often change due to restructuring, mergers, and

acquisitions. To address this issue, I employ the methodology developed by Brandt et al.

(2012), who crafted a rigorous algorithm for matching firms across periods using firm ID,

name, legal entity, address, and industry information. Second, the ASIF contains numer-

ous noisy observations. To ensure the reliability of my analysis, I adhere to the standard

procedures outlined by Cai and Liu (2009) and Yu (2015). Specifically, I exclude observa-

tions with key financial variables that are missing, zero, or negative. Additionally, I remove

firms with fewer than eight employees and any data points that violate Generally Accepted

Accounting Principles (GAAP).8 Finally, I exclude intermediate firms because they do not

6The National Bureau of Statistics classifies 2-digit China Industrial Classification (CIC) codes 06 to
12 as mining, 13 to 43 as manufacturing, and 44 to 46 as public utilities, with manufacturing being the
predominant category.

7The threshold for inclusion in the ASIF has changed several times. From 2000 to 2006, the dataset
included all state-owned enterprises (SOEs) and non-state-owned enterprises (non-SOEs) with annual sales
of 5 million RMB (approximately USD 687,000 by the 2023 exchange rate) or more. From 2007 onwards,
ASIF began excluding smaller SOEs with sales under 5 million RMB. Subsequently, from 2011 onwards, only
firms with annual sales of 20 million RMB (approximately USD 2.7 million) or more were included in the
data.

8The GAAP rules are: 1. total assets must be greater than liquid assets; 2. total assets must be greater
than total fixed assets; 3. total assets must be greater than the net value of the fixed assets; 4. the
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produce anything in-house and focus solely on manufacturing firms.9

2.2.3 The Directory of Overseas Investment Enterprises

To accurately assess the impact of R&D FDI on the extensive margin, it is essential to

understand each FDI project’s type or objective. Firms engage in different types of FDI for

different strategic reasons, each with potentially distinct effects on their operations. Thus,

reliably identifying and differentiating these types of FDI is crucial. Only by doing so can I

effectively disentangle and analyze the economic impacts of each type of FDI.

I utilize a novel dataset constructed in Chapter 1 to meet this data requirement. This

dataset is derived from the Ministry of Commerce’s (MOFCOM) Directory of Overseas In-

vestment Enterprises, which provides a comprehensive list of FDI projects undertaken by

Chinese firms between 1987 and 2015. The listed FDI projects predominantly consist of

greenfield investments, with a few being mergers and acquisitions (M&A) deals. MOFCOM

collects a range of information for each project, including the parent company’s name, the

overseas subsidiary’s name, the country of investment, the date of project approval, and

details on the scope of offshore business activities.10 Utilizing supervised machine learn-

ing, I analyzed the business activity descriptions written in natural language for more than

26,000 FDI projects. I classified these projects into eight categories, among which R&D FDI

accounted for 2,212 unique projects from 1987 to 2015.

2.2.4 Merging Data

I combine the above three datasets using a two-step matching process as outlined in Yu

(2015). First, I match the ASIF and the Customs data by firm name and year. Subsequently,

establishment date must be valid (the opening month is between January and December).
9Only industries with a 2-digit China Industrial Classification (CIC) ranging from 13 to 43, inclusive of

endpoints, are retained in the sample. For the years prior to 2003, several 4-digit CIC codes—1711, 1712,
1713, 1714, 1719, 2220, 3648, 3783, 4183, and 4280—are also excluded from the sample because they are
special cases of services, as identified by Brandt et al. (2012).

10MOFCOM collects this information as part of a stringent and burdensome FDI approval and registration
process. which was in place until 2014.
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I refine the matching by year, zip code, and the last seven digits of the firm’s phone number.

After establishing a robust match between the ASIF and Customs datasets, I match the

R&D FDI data with this merged ASIF-Customs dataset, using firm name and year as the

criteria. The final sample comprises 12, 944, 206 observations from 2000 to 2013, detailed at

the firm-HS6 product-country-year level.

2.3 Empirical Methodology

2.3.1 Baseline Estimation

During my sample period from 2000 to 2013, multiple firms conducted R&D FDI, each

initiating their investments in different years. To accommodate this staggered treatment

structure, I employ a two-way fixed effect approach widely used in empirical studies of firms

with varying treatment periods.

Equation 2.1 is my baseline specification:

ln(Nft) = β0 + β1FDIft + ϑ′Zft + ιHHIst + δf + δt + δpt + εft (2.1)

Here, f denotes the firm, t the year, s the 4-digit Chinese Industrial Classification, and p the

province. The dependent variable, Nft, can be one of the extensive margins per firm year:

(a) the number of HS6 products, (b) the number of destination countries, and (c) the number

of product-country pairs. The independent variable of interest, FDIft, equals 1 if the firm

has an offshore R&D subsidiary and 0 otherwise. In line with existing literature, I assume

that once FDI is initiated, it continues indefinitely; that is, there is no discontinuation of

FDI.

The vector Zft includes time-varying firm-level controls such as firm productivity, size,

and age. The Herfindahl-Hirschman Index HHIst at the 4-digit CIC level for each year

t measures industry concentration. The fixed effects δf and δt control for firm-specific
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and time-specific influences that might affect the extensive margins of exports. Lastly, the

province-year fixed effects δpt account for changes in regional economic conditions that can

affect all firms within a region, such as local GDP growth, infrastructure developments, and

shifts in industrial policy. εft is an error term, distributed i.i.d..

In summary, these control variables and fixed effects reduce the likelihood that the ob-

served effects on the extensive margins are driven by extraneous time-varying shocks rather

than by R&D FDI. The identification strategy capitalizes on the within-firm variation in the

number of products and destination countries over time associated with changes in a firm’s

R&D FDI status, alongside the differences between firms that engage in R&D FDI and those

that do not. Standard errors are clustered at the firm level.

2.3.2 Export Quality by Entry, Exit, and Continuing Status

In Chapter 1 of this dissertation, I examined how quality improvements occur along the firm-

product-country intensive margin but did not address changes along the extensive margin.

Therefore, a natural extension is to investigate the quality of new products and markets.

Specifically, when a firm adds new products or enters new markets, what is the quality of

these new entrants compared to the quality of existing exports? Understanding this can

shed light on the compositional changes in a firm’s exporting portfolio, revealing whether,

in addition to promoting quality-upgrading in existing exports, R&D FDI also directs firms

towards exporting higher-quality products to markets that demand such products.

To address this question, I adopt the approach used by Fan et al. (2015) to classify

the different types of firm-product-country (fhc), firm-product (fh), and firm-country (fc)

combinations based on their status in the pre-FDI and post-FDI periods. For ever-treated

firms—those that have engaged in at least one R&D FDI during my sample period from

2000 to 2013—a combination is considered “continuing” if it exists in both pre-and post-

FDI periods; “entry” if it appears only in the post-FDI period and not before; and “exit” if

it is present only in the pre-FDI period.
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I compare the mean quality across “entry”, “continuing”, and “exit’ types for each fhc,

fh, and fc combinations.

Quality Estimation

To infer product quality from trade data, which does not explicitly record it, I follow the

methodology outlined by Khandelwal et al. (2013) and estimate Equation 2.2 using Ordinary

Least Squares (OLS):

ln(xfhct) + σi ln(pfhct) = ηh + ηct + υfhct (2.2)

In this equation, h represents the HS6 product, and c is the destination country. xfhct denotes

the physical quantity of exports and pfhct the unit value. υfhct is the residual. The country-

year fixed effects ηct capture the macroeconomic attributes of the destination country, while

the product fixed effects ηh control for the inherent differences across products. The elasticity

of substitution σi is sourced from Broda and Weinstein (2006).11 The estimated OLS residual

serves as my measure of quality at the firm-product-country-year level: υ̂fhct ≡ ln(q̂fhct).
12

The intuition of Khandelwal et al. (2013)’s approach is straightforward: conditional on price,

higher-quality products sell more units and therefore have a higher residual, υ̂fhct.

2.4 Empirical Results

2.4.1 The Baseline Results

In Section 2.1, theory suggests that R&D FDI should increase the number of HS6 products

a firm exports and the number of countries it exports to. To test this prediction, I estimate

Equation 2.1 and present the results in Table 2.1.

11I convert Broda and Weinstein (2006)’s elasticity estimates from SITC Rev 3 into HS1996 at the 6-digit
level, then aggregate these to the HS 2-digit level by taking the arithmetic mean.

12Here, I follow Fan et al. (2015) and define q̂fhct ≡ qσ−1
fhct, the quality that enters the demand function.
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Note that in Columns (1) to (2), the dependent variable is the log number of product-

country pairs, while in Columns (3) to (4) and (5) to (6), the outcome variable is the log

number of products and the log number of destination countries, respectively.

In Column (1), the point estimate for the R&D FDI coefficient is 0.303, which is statisti-

cally significant at the 1% level. This finding indicates that engaging in R&D FDI increases

the number of product-country pairs a firm exports by (e0.303 − 1) × 100 = 35.39%, in line

with expectation.

Column (1) includes the comprehensive set of fixed effects—firm, year, and province-

year—but does not incorporate any time-varying firm-level controls or the industry compe-

tition measure, the Herfindahl index. When these controls are added in Column (2), the

point estimate for the R&D FDI coefficient decreases slightly from 0.303 to 0.265. This

modification does not qualitatively change my results. Meanwhile, the coefficients for sales

per worker, which measures firm productivity, and the number of workers, which reflects firm

size, are both positively correlated with the extensive margin and are significant at the 1%

level.13 Interestingly, firm age does not significantly impact the product-country extensive

margin.

Like Column (1), Columns (3) and (5) also lack firm-level controls and the Herfindahl

index. However, when these controls are included in Columns (4) and (6), similar to the

adjustment seen in Column (2), the overall conclusions remain robust. Columns (4) and

(6) are my preferred results. They show that R&D FDI leads to a 32.71% increase in the

number of products a firm exports and a 13.31% increase in the number of countries a firm

serves, respectively. The magnitude of the increase is comparable to a study of German

manufacturing firms, where foreign-owned firms exported 23% to 39% more products and

served 11% to 31% more destinations compared to their domestic counterparts (Raff &

Wagner, 2014). Thus, we can conclude that the effect of carrying out R&D FDI is comparable

13This finding aligns with trade literature suggesting that larger and more productive firms are better
equipped to overcome the added fixed costs associated with shipping more products to more markets (Bernard
et al., 2011).
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to that of changing ownership.

In my estimation, the magnitude of the increase in the number of product-country pairs

is similar to the increase in the number of products (Columns (2) vs (4)). However, this

increase is twice that of the increase in the number of countries (Column (2) vs (6)). This

pattern suggests that introducing new products plays a more prominent role in driving the

firm’s extensive margin than entering new markets.

2.4.2 Alternative Drivers of Extensive Margin Expansion

In addition to R&D FDI, other types of FDI, such as distribution and marketing, could

also contribute to extensive margin expansions by lowering the fixed costs associated with

entering new markets. While Equation 2.1 adequately accounts for various firm-specific and

macroeconomic factors, it does not consider whether distribution and marketing FDI, which

may be highly correlated with R&D FDI, could potentially be driving the positive outcomes

observed in Section 2.4.1.

To address this concern, I incorporate a dummy variable for distribution and marketing

FDI into Equation 2.1. Table 2.2 presents the results. In Columns (2), (4), and (6), one

sees that although distribution and marketing FDI do contribute to the expansion of the

extensive margin, they do not negate the effect of R&D FDI, as evidenced by the fact that the

coefficient for R&D FDI barely changed from what is presented in Table 2.1. The correlation

matrix (Table B1) also shows a weak correlation between R&D FDI and distribution and

marketing FDI, with correlation coefficients of -0.0480 and -0.0151, respectively. Therefore, it

is safe to rule out distribution and marketing FDI as alternative drivers behind the extensive

margin expansion attributed to R&D FDI.

2.4.3 Compare Average Quality

In Table 2.3, I compare the mean quality across “entry”, “continuing”, and “exit’ types for

each fhc, fh, and fc combinations. Across all combinations, the average quality of the
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“entry” type consistently surpasses that of the “continuing” type (Column (1) vs. Column

(2)), and the average quality of the “continuing” type is always higher than that of the

“exit” type (Column (2) vs. Column (3)). The t-test results presented in Columns (4) and

(5) confirm that these differences in average quality are statistically significant at the 1%

level.

The observed quality ranking has profound implications, suggesting a dynamic process of

within-firm product churning following R&D FDI. Firms appear to drop low-quality prod-

ucts, retain medium-quality products, and introduce high-quality products to their portfo-

lios. Specifically, the quality ranking for the fc combination suggests that Chinese firms shift

their exports from countries with weaker demand for high-quality products to those with a

stronger demand for such products.

2.4.4 Heterogeneity by Entry and Continuing Status

In addition to comparing mean quality, I conduct a formal test to determine if the quality

improvement between the “entry” and “continuing” types differs significantly. Specifically,

I focus on the fhc combination and regress Equation 2.3 on the full sample and sub-samples

of differentiated and homogeneous products.14

My specification is:

ln(qfhct) = β0 + β1FDIft + ϑ′Zft + ιHHIst + δf + δhct + δpt + εfhct (2.3)

where ln(qfhct) is the inferred quality following Khandelwal et al. (2013)’s method. FDIft,

Zft, and HHIst are the same as in Equation 2.1. δf , δhct, and δpt are firm, product-country-

year, and province-year fixed effects. The rationale for including δf and δpt remains the same

as before (see the discussion on Equation 2.1), while δhct accounts for the heterogeneity of

14To categorize the products, I rely on Rauch (1999), who classifies the four-digit Standard International
Trade Classification (SITC), Revision 2 codes into three categories, “goods traded on an organized exchange”,
“reference priced”, and “differentiated products”. I combine the first two into a “homogenous” category and
then convert SITC to HS1996, the coding of my export data.
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quality demand across products and countries, plus changes in the broader macroeconomic

environment, such as in exchange rates, GDP, and trade liberalization. I cluster the standard

errors at the firm level.

I report the results in Table 2.4. The point estimate for the “continuing” group is 1.259,

while for the “entry” group, it is significantly higher at 3.507. These results confirm that the

impact of R&D FDI on export quality is considerably greater for new product-country entries

compared to continuing ones, aligning with the patterns observed in Table 2.3. Furthermore,

the estimates for the differentiated goods subgroup are significant and similar to those for the

full sample. In contrast, the estimates for the homogeneous goods subgroup are insignificant.

This distinction indicates that quality improvements through R&D FDI are predominantly

observed in sectors where products are sufficiently differentiated.

Additionally, results from regressions on the fh and fc combinations, presented in Tables

B2 and B3, are consistent with those observed for the fhc combination in Table 2.4.

2.5 Conclusion

In this paper, I demonstrate that following R&D FDI, firms significantly expand the range

of their exported products and the number of countries they supply. This finding aligns with

theoretical predictions and remains robust when controlling for firm-level and macroeconomic

factors. Other types of FDI, such as distribution and marketing, do not fully account for

these observed changes. Moreover, the adjustments to the extensive margin are not random.

Firms strategically drop low-quality products, maintain exports of medium-quality products,

and introduce high-quality products, which enables them to penetrate new markets.

An important caveat of my research is that it focuses only on the behaviors of surviving

exporters while ignoring the dynamics of firm entries and exits. This simplification allows for

a more focused analysis but limits the assessment of all possible changes along the extensive

margin due to R&D FDI. Consequently, future research could provide valuable insights by
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incorporating the effects of firm entries and exits and export duration.
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Appendix A

Appendix to Chapter 1

A.1 Proof of Proposition 1

Proof: Based on Equation 1.5 and 1.6, we have the Southern firm’s profits from domestic

sales and exports prior to outbound FDI liberalization:

π∗
d(φ) = Φ ·B

α
κ
s

( 1

wh
s

)α−κ
κ
φ

(σ−1)·α
κ − fDw

h
s

π∗
e(φ) = Φ · (τ 1−σ

sn Bn)
α
κ

( 1

wh
s

)α−κ
κ
φ

(σ−1)·α
κ − fXw

h
s

(A.1)

where for clean notation, I abbreviate πd∗
ss (φ) = π∗

d(φ), and πe∗
sn(φ) = π∗

e(φ). Recall Φ ≡
κ

α−κ

[(
1−β
α

)(
σ−1
σ

)σ

(wl
j)

1−σ
]α

κ
and κ ≡ α− (1− β)(σ − 1).

Let it be that post-FDI liberalization, the firms who conduct R&D FDI continue to

export and sell in the domestic market. Such firms pay the fixed cost fI , earn the combined

profits of selling to both markets, and face a high-skill labor cost wh
n. Therefore, their profits

post-FDI is:

π∗
I (φ) = Φ ·B

α
κ
s

( 1

wh
n

)α−κ
κ
φ

(σ−1)·α
κ + Φ · (τ 1−σ

sn Bn)
α
κ

( 1

wh
n

)α−κ
κ
φ

(σ−1)·α
κ − fIw

h
s

= Φ · [B
α
κ
s + (τ 1−σ

sn Bn)
α
κ ]
( 1

wh
n

)α−κ
κ
φ

(σ−1)·α
κ − fIw

h
s

(A.2)
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The productivity cut-off points satisfy π∗
d(φ

min
d ) = 0, π∗

e(φ
min
e ) = 0, and π∗

I (φ
min
o ) = 0.

Explicitly, these conditions are:

φmin
d =

[
fDw

h
s

ΦB
α
κ
s

(
1
wh

s

)α−κ
κ

] κ
α
· 1
σ−1

(A.3)

φmin
e =

[
fXw

h
s

Φ(τ 1−σ
sn Bn)

α
κ

(
1
wh

s

)α−κ
κ

] κ
α
· 1
σ−1

(A.4)

φmin
i =

[
fIw

h
s

Φ[B
α
κ
s + (τ 1−σ

sn Bn)
α
κ ]
(

1
wh

n

)α−κ
κ

] κ
α
· 1
σ−1

(A.5)

From Equation A.3 and A.4, we know that φmin
d < φmin

e when

[
fDw

h
s

ΦB
α
κ
s

(
1
wh

s

)α−κ
κ

] κ
α
· 1
σ−1

<

[
fXw

h
s

Φ(τ 1−σ
sn Bn)

α
κ

(
1
wh

s

)α−κ
κ

] κ
α
· 1
σ−1

. . .

fX
fD

>
(τ 1−σ

sn Bn

Bs

)α
κ

Similarly, from Equation A.4 and A.5, we have that φmin
e < φmin

i if

[
fXw

h
s

Φ(τ 1−σ
sn Bn)

α
κ

(
1
wh

s

)α−κ
κ

] κ
α
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<

[
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(
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)α−κ
κ
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. . .

fI
fX

>
[B

α
κ
s + (τ 1−σ

sn Bn)
α
κ ]

(τ 1−σ
sn Bn)

α
κ

(wh
s
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n

)α−κ
κ

=
[( Bs

τ 1−σ
sn Bn

)α
κ
+ 1

](wh
s

wh
n

)α−κ
κ
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A.2 Supplemental Tables

Table A1: Number of Firms with Entry and Exit, 2000-2013

Total Entry Exit %Attr
2000 162,885 - 33,745 20.7
2001 171,256 42,116 21,819 12.7
2002 181,557 32,120 23,308 12.8
2003 196,222 37,973 35,585 18.1
2004 276,474 115,837 42,198 15.3
2005 270,043 35,767 21,589 8.0
2006 301,961 53,507 24,960 8.3
2007 336,769 59,768 52,565 15.6
2008 412,268 128,064 71,431 17.3
2009 366,182 25,345 63,862 17.4
2010 442,539 140,219 177,059 40.0
2011 302,594 37,114 19,117 6.3
2012 324,605 41,128 30,577 9.4
2013 344,875 50,847 - -
Total 4,090,230 799,805 617,815 15.5

Notes: Column 1 shows the total number of active firms
(pre-filtered) included in the ASIF data set for each year.
A firm exits (Column 3) if it appeared in the current year
but not the following year and enters (Column 2) if it is
in the current year but not the year prior. For example,
in 2000, there were 162, 885 firms, of which 33, 745 exited
at the end of that year (attrition rate 33, 745/162, 885 =
20.7%), leaving 129, 140 to continue operating into 2001.
Then, in 2001, 42, 116 firms entered, so the total number
of active firms in 2001 was 129, 140+ 42, 116 = 171, 256.
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Appendix B

Appendix to Chapter 2

B.1 Supplemental Tables

Table B1: Correlation Matrix

R&D DISTR MARKET
R&D 1

DISTR -0.0480∗∗∗ 1

MARKET -0.0151∗ -0.137∗∗∗ 1

Note: Significance: *** p<0.01, ** p<0.05, * p<0.1.
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