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About this book

This book is based on the contents of researches that I have done when I 
was a PhD candidate in Osaka University.

As is known to all, foreign direct investment (hereafter referred to 
as FDI) has been a major driving force of economic growth in develop-
ing countries. Thus, attracting FDI has become an important task for 
the governments of these countries. However, in reality, the infl ow and 
outfl ow of FDI may diff er greatly among diff erent countries. Accord-
ingly, we cannot help asking the following questions: for example, why 
is China so attractive to multinational companies? What are the main 
factors to attract FDI into China? Why is Vietnam becoming one of the 
most popular FDI destinations in the world? What benefi ts will the in-
ward FDI into Vietnam bring about? And, will negative consequences 
come along?

To answer these questions, this book investigates the before and after 
of FDI processes in the context of developing countries, and provides 
hands-on evidence. A large number of previous studies have explored 
the mechanism of how countries attract FDI. From the objective per-
spective, macro-level factors, such as market size, growth potential, 
market openness, exchange rate, political stability, and institutional 
quality can be important determinants, whereas micro-level factors 
include the fi rm’s productivity, fi rm size, R&D expenditure, quality of 
workers, etc. On the other hand, countries also make strategic policies 
to invite more FDI. The existing policy tools such as special economic 
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zone (SEZ) and export processing zone (EPZ) implemented by China 
are good examples of such effort. Recently, more proactive policies, 
such as investment promotion agency (IPA), have been conducted. The 
fundamental diff erence from existing policies is that such policies are 
designed to actively communicate to foreign investors the nature of the 
country’s investment climate, and to persuade and assist them to invest 
in the country. However, for either type of strategic policies, most of the 
research is from the perspective of qualitative evaluation, while few em-
pirical studies have attempted to examine their impacts. The fi rst half of 
this book will be devoted to fi lling this blank.

The second half is concerned with how FDI can aff ect the targeting 
country from various aspects. Using the case of Vietnam, this book ex-
plores how FDI can benefi t the local fi rms through the channel of tech-
nology spillover. Meanwhile, it can also cause environmental concerns 
of the home country. ISO14001, a voluntary international environmental 
standard is used to illustrate the mechanism of why FDI fi rms are more 
actively involved in corporation social responsibility, and how such an 
act can bring back more advantages in return.

Readers of this book possibly range from policy makers in develop-
ing countries to undergraduate students whose study interest lies in for-
eign direct investment in developing countries, and its infl uence. After 
reading, you will have a thorough and intuitive idea of how strategic 
policies are made to attract FDI, and how inward FDI aff ects the econ-
omy of the targeting countries from various aspects, such as technology 
spillover and environmental issues.
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C H A P T E R  O N E

General introduction

Chinese economic development has cost many American workers 
their jobs. That’s the price of progress.

 P. J. O’Rourke
 

The quote by P. J. O’Rourke describes a vivid situation of how inward 
 foreign direct investment (hereafter referred to as FDI) benefits the 
economy of developing countries, though it might pose a threat to the 
workers of the original nations where the foreign investors come from. 
This acts as the starting point of my overall study: what determines FDI 
in the developing world and what impact does it bring about?

As seen from Figure 1-1, foreign fi rms might choose to produce at 
home, export or make foreign direct investment based on their initial 
productivities (Melitz, 2003). In the context of FDI, existing literature 
can be divided into two categories by chronicle order, represented by 
process 1 and 2 respectively. Before the investment, macro-factors such 
as the business environment (infrastructure) and level of economic 
development (country or city size, GDP per capita), and policy-based 
determinants, such as tax exemption program and investment promotion 
institutions are thought to play an important role in inviting FDI.

In this book, I will pay special attention to the effi  ciency of such pol-
icy strategies. On the other hand, as indicated in process 2, FDI’s impact 
on the host country may also be varied. In practice, I explore two types 
of impacts of FDI: technology spillover, which is thought to be a major 
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Chapter 1: General introduction 3

vehicle for economic growth of the developing countries, and environ-
mental problems that FDI might incur.

Chapter 2 is based on joint research with Yasuyuki Todo 1 and To-
mohiko Inui 2. In this study, I use both fi rm- and city-level data from the 
Chinese National Bureau of Statistics and unique information on  in-
vestment promotion agencies (IPAs) in China to evaluate whether IPAs 
aff ect FDI from the perspectives of both intensive and extensive mar-
gins, i.e., reinvestment of incumbent foreign-owned fi rms and new FDI 
infl ows into the city, respectively. After controlling the determinants of 
FDI and correcting potential biases caused by endogeneity, I fi nd that 
IPAs in general do not necessarily increase FDI in either case. However, 
IPAs are found to promote the re-investment of large foreign-owned 
fi rms. The results illustrate the diffi  culty in dissemination of informa-
tion on the business environment to foreign investors.

Chapter 3 tries to verify the  technology spillover induced by foreign 
fi rms from a novel perspective: how the origin of foreign investors af-
fects the degree of horizontal and vertical technology spillovers, using 
fi rm-level panel data from Vietnam in 2002–2011.3 To be specifi c, I use 
geographical distance to investigate whether being a member of the 
regional preferential agreement and sourcing pattern as the criteria to 
examine the diff erences in technology spillover.

The empirical analysis produces evidence consistent with our hy-
pothesis: preferential treaties in general, promote spillover from multi-
national fi rms, while local procurement is the most important channel to 
incur vertical spillover. The results show a positive association between 
the presence of Asian fi rms in downstream sectors and the  productivity 
of Vietnamese fi rms in the supplying industries, and no signifi cant rela-
tionship in the case of European and North American affi  liates. Within 
the Asian region, I fi nd that FDI from East Asian fi rms, excluding Japan 
and South Korea, tend to have the largest vertical spillover impact on 
increasing Vietnamese suppliers’ productivity. It coincides with the fact 
that multinational fi rms, whose origins are these two countries, tend not 
to source from local suppliers actively. In the horizontal way, FDI from 
the ASEAN, East Asian and European fi rms all show negative impact, 
indicating that FDI from these fi rms tends to drive Vietnamese coun-
terparts away. Also, I fi nd that fi rm size and location aff ect the extent of 
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spillover.
Chapter 4 looks into the potential environmental concerns. After in-

vestigating the positive infl uence that FDI has on the economic develop-
ment of the host nations, I take a diff erent perspective by examining the 
possible causality between FDI and environmental issues in the home 
country. Given the simultaneous rise in FDI and pollution level, critics 
have accused foreign investors of shifting their heavily-polluting activi-
ties to countries with lax regulations in search of “pollution-haven,” 
however, empirical evidence to support this hypothesis is surprisingly 
rare (Cole, 2004). In fact, foreign fi rms are found to be more energy effi  -
cient compared to state-owned fi rms (Eskeland and Harrison, 2003; He, 
2006). This might be due to the advanced waste-processing technology 
adopted by foreign fi rms and their stance to achieve corporate social re-
sponsibilities (Lyon and Maxwell, 2008).

To solve this puzzle, I focus on fi rms’ participation in  ISO14001, a 
voluntary environmental standard which measures how “green” a fi rm 
is. This to some extent captures how much awareness a fi rm has to be 
engaged in environment-friendly activities. A general equilibrium mod-
el is applied to theoretically show the mechanism of adoption: under 
optimal condition, highly productive fi rms can benefi t more from the 
adoption. In the meantime, technology advancement potentially drives 
up the capital intensity of the fi rms, and this factor will also promote 
fi rms’ incentive of adoption. Also, when controlling fi rms’ idiosyncratic 
characteristics, foreign fi rms become more active to acquire ISO14001. 
The empirical analysis using the fi rm-level data in Vietnam verifi es my 
predictions with robustness. In addition, I find that the phenomenon 
outlined above becomes even more obvious in the manufacturing sec-
tors. Thus, this study shows that foreign fi rms are making more eff orts 
towards corporate social responsibility, only conditional on the expecta-
tion of a larger long-term profi t.

In accordance with the contents in Chapter 4, Chapter 5 empirically 
testifi es the post- infl uence after fi rms adopt ISO14001. The results show 
that the adoption of such a voluntary standard can improve a fi rm’s per-
formance in terms of waste control, and increases its welfare and pro-
ductivity level. This study provides robust evidence that fi rms’ eff orts 
toward corporate social responsibility eventually benefi t themselves as 
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well.

Notes

1 Graduate School of Economics, Waseda University.
2 Preparatory Offi  ce for the Faculty of International Social Sciences, 

Gakushuin University.
3 This is also a joint work with Mariana Spatareanu & Vlad Manole 

(Rutgers University), Tsunehiro Otsuki & Hiroyuki Yamada (Osaka 
University at the time of writing).
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C H A P T E R  T W O

How eff ective are investment promotion 
agencies?
Evidence from China

1.  Introduction

 Foreign direct investment (FDI) is considered to be a major driving 
force of economic growth in developing countries. Thus, attracting FDI 
has become an important task for the governments of many of these 
countries. Under such circumstances, numerous policy tools have been 
utilized to facilitate investment by foreign fi rms. Although an increas-
ing number of studies have investigated the impact of these tools using 
macro-level data (Dean et al., 2009; Wang, 2013), the rigorous evalua-
tion of this issue has been hampered by limited data availability (Harding 
and Javorcik, 2007).

This chapter aims to enrich the empirical studies on such policies by 
objectively evaluating the role of  investment promotion agencies (here-
after referred to as IPAs) in the Chinese context. IPAs are relatively 
recent strategic endeavors used by governments to supplement foreign 
fi rms’ investment in the host country. The purpose of IPAs is defi ned as 
“to communicate to foreign investors the nature of the country’s invest-
ment climate and to persuade and assist these investors to invest or re-
invest in the country” (Wint, 1993). The expected function of IPAs is 
diff erent from that of the existing strategies, such as  special economic 
zones (SEZs), which use policy packages such as tax incentives and 
property protection to attract FDI.

The evaluation will be conducted from both intensive- and exten-
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sive-margin perspectives. In the intensive-margin analysis, we use fi rm-
level data to examine the eff ect of IPAs in a particular city on the ad-
ditional investment of incumbent foreign-owned manufacturing fi rms 
in the city. Among all IPAs, 86 percent of them target investors that are 
already present in the host country (UNCTAD, 2001), which provides 
us with the incentive to investigate the infl uence of IPAs on incumbent 
investors. In the extensive-margin analysis, we employ city-level data to 
examine the eff ect of IPAs in a particular city on total new FDI infl ows 
to the city in all industries.

One challenge of our estimation is the potential selection of IPAs. 
The establishment of IPAs is typically not random. Some cities might 
set up IPAs before others because they have higher needs for govern-
mental institutions to attract more FDI. The standard OLS will lead to 
inaccurate estimations of the impacts of IPAs. Therefore, we use  instru-
mental variable (IV) estimations to alleviate this bias.

In contrast to previous studies (Morisset, 2003; Harding and Javor-
cik, 2011) that unanimously fi nd positive impacts of IPAs on increasing 
FDI at the country level, we fi nd that the existence of city IPAs is not 
signifi cantly correlated with fi rm- or city-level inward FDI in that city. 
The same situation is found even when we use the number of IPAs as 
the measure. These results imply that city-level IPAs in China have not 
functioned well. This implication is confi rmed by the reality that most 
city-level IPAs do not even have a decent website. It also indicates that 
despite the growing number of city-level IPAs, their decisive infl uence 
depends on their quality, not their quantity, as argued by Harding and 
Javorcik (2012). Therefore, further eff orts should be made to enhance 
IPA performance to better attract foreign fi rms.

Meanwhile, we fi nd that IPAs promote re-investment by incumbent 
foreign-owned fi rms (hereafter, foreign fi rms) when their sales are suf-
fi ciently large. The explanation for this result is probably because infor-
mation about the business environment in a city provided by IPAs does 
not reach small foreign fi rms in China or fi rms in foreign countries.

This study differs from previous investigations in several ways. 
First, by constructing a unique dataset using city-level IPAs in China, 
this research attempts to fi ll the gap in the empirical evaluation of city-
level IPAs rather than national organizations. Additionally, to the best 
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of our knowledge, this is the first to use firm-level data to analyze a 
policy’s eff ect on attracting FDI.1 Second, in addition to investigating 
the location choices of new entrants, this work examines how existing 
foreign firms make their incremental investment decisions.2 Further-
more, few studies have evaluated how the performance of IPAs matters; 
in this study, we use various quantitative and qualitative measurements 
to thoroughly investigate IPAs.

The remainder of this chapter is organized as follows. Section 2 
discusses the current situation of inward FDI and IPA establishment in 
China, and Section 3 introduces the relevant literature. Sections 4 and 5 
describe the estimation strategy and data collection, respectively. Sec-
tion 6 presents the estimation results, and Section 7 concludes.

2.  FDI and investment promotion agencies in China

The  China Investment Promotion Agency (CIPA)3 was established by 
the Ministry of Commerce of China in the 1980s to facilitate the promo-
tion of Chinese investment in two directions: “inviting in” (i.e., attract-
ing FDI into China) and “going global” (i.e., promoting outbound invest-
ment). In terms of “inviting in”, however, the geographic scale of the 
country makes it impossible for CIPA to completely fulfi ll the responsi-
bility in all regions, as each municipality has distinctive locational char-
acteristics and idiosyncratic business environments. CIPA’s inability to 
supervise the whole nation has fostered the growth of city-level IPAs,4 

which are expected to play major roles in inviting FDI within each 
particular area. Similar to existing FDI-inviting experiments such as 
SEZs, city-level IPAs have the goal of attracting more FDI into the city 
(regardless of the existence of SEZs). However, SEZs and IPAs diff er in 
that SEZs apply policy packages through laws and regulations, whereas 
IPAs rely on actual promotion activities to enhance FDI (e.g., help new 
investors choose locations to establish factories and assist foreign fi rms 
with the relevant legal procedures). After China’s entry into the World 
Trade Organization (WTO) in 2001, all of its major cities began to es-
tablish IPAs to increase their competitiveness. As shown in Figure 2-1, 
FDI infl ow and the number of city IPAs have a positive correlation.
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Despite the rapid increase in the quantity of city IPAs, the ef-
forts made by local governments vary substantially. For instance, the 
Shanghai Investment Promotion Agency (SIPA) can be regarded as a 
well-functioning institution, and its success is due to Shanghai’s de-
termination to maintain economic leadership in China. Thus, SIPA’s 
administrative activities have gained the full support of the government 
in Shanghai. To share and better facilitate SIPA’s responsibilities, other 
city-level IPAs have been formed, such as the “Shanghai investment 
service center” and the “Shanghai foreign investors’ complaint center.” 
These organizations work in complementary ways to maximize their 
functionality. Similar eff orts are observed in other relatively open cities, 
such as Guangzhou, Qingdao and Shenzhen. However, the distribution 
of IPAs is uneven across China (see Figure 2-2).

Furthermore, we observe that the regions that are supposed to attract 
more FDI typically do not have adequate IPAs to help them achieve 
this goal. Taking Baoding in Hebei Province as an example, the city is 
famous for the development of new-energy automobiles and industrial 
machinery, and its Dian Gu district is often compared to Silicon Valley 
in the U.S.A. Nevertheless, when we attempted to access the website of 
the IPA in Baoding, we found an invalid link. We also failed to reach 
the representative of the  city-level IPA. This situation is quite common 
among second- and third-tier cities, particularly in the inland area, even 
though FDI is desperately needed to promote these regions’ local eco-
nomic growth.

Thus, we have reasons to doubt whether city-level IPAs in China 
fulfi ll their responsibilities as expected. What if the positive correlation 
shown in Figure 2-1 is spurious? This research attempts to use rigorous 
methods to evaluate the impact of city-level IPAs.

3.  Literature review

Although there has been a surge in the trend of using micro-level data to 
verify the potential determinants of FDI (Amiti and Javorcik, 2008; Liu 
et al., 2010), few empirical studies have attempted to examine the im-
pact of government policies in China. Wang (2013) is the fi rst to inten-
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sively evaluate the impact of SEZs in attracting FDI into China. By us-
ing municipal-level data and a combination of matching and diff erence-
in-diff erences, she shows that the application of an SEZ program not 
only increases the level of per capita FDI by approximately 20 % but is 
also associated with greater  total factor productivity (TFP) growth.

Quantitative literature assessing the role of IPAs is surprisingly 
scarce. Morisset and Andrews-Johnson (2004) and Morisset (2003) use 
country-level data to support their hypotheses that the presence of IPAs 
exerts a positive infl uence; this result is supported by Charlton and Da-
vis (2007). Harding and Javorcik (2011) show that the sectors supported 
by IPAs receive more investment in the post-service period, particularly 
in developing countries. Morisset (2003) fi nds that IPAs are not always 
effective and that their performance is positively correlated with the 
quality of the investment climate. He also fi nds that IPAs’ functions and 
budget can determine their eff ectiveness. Using the index from Global 
Investment Promotion Benchmarking (GIPB), a recent study by Harding 
and Javorcik (2012) provides evidence that the quality of national IPAs 
is a decisive factor with regard to their performance. Not all IPAs per-
form equally well in information provision, and only IPAs with highly 
rated promotion tools, such as websites, translate directly into higher 
FDI inflows. However, no research has used micro-level data, even 
though such data can indicate fi rm heterogeneity and better capture the 
direct effect of how foreign firms react to the incentives provided by 
IPAs.

4.  Estimation strategy

4.1  Firm-level analysis

To examine the eff ect of IPAs in attracting foreign capital, we conduct 
econometric estimations at the fi rm- and city-levels. In the fi rm-level 
estimation, we focus on IPAs’ effect on re-investment by incumbent 
foreign fi rms because we do not have any prior information about fi rms 
before they invested in China. The basic empirical specifi cation in the 
 fi rm-level analysis takes the following reduced form:
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lnFDIict = α + βFDIlnFDIict–1 + δcIPAct–1 + βixit−1 + βcwct−1 + gt + εict (2.1)

The dependent variable FDI is measured by the absolute value of 
foreign capital in its log form within fi rm i in city c at time t. The fi rst 
lag of the dependent variable is included to control for the impact of past 
investment history. IPAct−1 is a dummy variable that specifi es whether 
the city has an IPA by time t − 1. We use the fi rst lag of the IPA dummy 
to incorporate possible time lags between information disseminated 
from IPAs and decisions about FDI. In addition to the  IPA dummy, we 
also use the number of IPAs as an alternative measure of IPAs. Vector 
xit−1 indicates fi rm characteristics, including the fi rm age, sales, number 
of workers, and average wage per worker in year t − 1. Vector wct−1 rep-
resents city characteristics including GDP, GDP per capita, road area 
per capita, public expenditures on education, the average wage, and a 
dummy for SEZs in year t − 1. Finally, g is a vector of year dummies, 
and ε is the error term.

One potential problem of estimating equation (2.1) is endogeneity 
due to the selection of IPAs. To address this endogeneity, we employ 
first-differenced 2-stage least squares (2SLS) estimations (hereafter 
referred to as the FD-2SLS estimations). More specifi cally, our actual 
estimation equation is the fi rst diff erence of equation (2.1), or

∆lnFDIict = βFDI∆lnFDIict−1 + δc∆IPAct−1 + βi∆xit−1 + βc∆wct−1

+ ∆gt + ∆εict      
(2.2)

where ∆xit−1 = xit−1 − xit−2 for any variable x. We use the  fi rst-diff erence 
approach rather than a  fi xed-eff ects approach because equation (2.1) in-
cludes the lagged dependent variable, and thus, fi xed-eff ects approaches 
will lead to endogeneity of the lagged dependent variable (Roodman, 
2009). Our instruments for ∆IPAct−1 are ∆wct−2, i.e., the fi rst-diff erenced 
twice-lagged city variables defi ned above, which are expected to be cor-
related with the presence of IPAs in years t − 1 and t − 2 but not with 
the error term in years t and t − 1. Because the same argument can be 
applied to the lagged dependent variable, ∆lnFDIict−1 is instrumented by 
∆lnFDIict−2. We will test the validity of the instruments using the Hansen 
overidentifi cation test.
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One problem of applying the FD-2SLS estimation is that the IPA 
dummy and the number of IPAs for most cities do not change much 
across years in the sample period. That is, the variation in ∆IPAct−1 in 
our  FD-2SLS estimations is often small. Therefore, as a robustness 
check, we also estimate the level equation (2.1) using the twice-lagged 
city independent variables as instruments. We hereafter call this method 
the  level-2SLS estimation.

4.2  City-level analysis

The fi rm-level analysis above can examine the eff ect of IPAs on the re-
investment by incumbent foreign fi rms (intensive margins) but not on 
investment by newly established foreign-owned fi rms (extensive mar-
gins). Therefore, we conduct estimations at the city-level to investigate 
the eff ect of IPAs on extensive margins of FDI infl ows. Our estimation 
equation at the city-level is similar to equation (2.1), although the depen-
dent variable is a measure of new FDI infl ows to the city, as explained 
in detail in the next section, and fi rm-level variables are dropped from 
the set of independent variables. Following the fi rm-level analysis, our 
baseline estimation at the city-level is FD-2SLS, and we also run level-
2SLS to check the robustness of the results.

5.  Data

Our data covers the period from 2002–2007 due to data constraints. 
The data on three types of variables used—IPAs, fi rm characteristics, 
and city-level factors—are collected from three main sources. First, a 
unique list of city-level IPAs is constructed by combining the data from 
two websites, “Invest in China” and another developed by the China 
Council for International Investment Promotion (hereafter referred to 
as CCIIP), which is a non-governmental organization subject to the 
Ministry of Commerce of the People’s Republic of China (MOF-COM). 
Among the 362 cities in China, 50 cities had at least one IPA during the 
sample period. The total number of IPAs is 142 because some cities had 
more than one IPA.

Second, fi rm characteristics are collected from the annual surveys 



16 Re-examination of FDI in Emerging Economies

conducted by the National Bureau of Statistics (NBS). All state-owned 
enterprises (SOEs) and those non-SOEs with annual sales above 5 mil-
lion Chinese yuan are included. These surveys collect detailed balance 
sheet information, ownership information, and amounts of total capital 
and foreign capital for fi rms in the manufacturing sectors. We defi ne 
fi rm-level FDI as the reported amount of foreign capital, including capi-
tal from Hong Kong, Macao, and Taiwan.

Third, city-level variables are taken from the “China City Statistical 
Year book.” The dependent variable in the city-level is either the log of 
the amount of new contracted foreign investments, the amount of new 
actual foreign investments, or the number of new foreign investments. It 
should be noted that foreign investments at the city-level include those 
in all industries including the service sector, whereas we focus on the 
manufacturing sector in the fi rm-level analysis. Therefore, comparisons 
between the fi rm- and city-level analyses requires great care.

Table 2-1 provides the defi nitions of the variables used in the esti-
mations and their descriptive statistics. Panel A shows the fi rm charac-
teristics, whereas Panel B presents the city variables used in both the 
firm- and city-level estimations. After removing negative values for 
key variables such as sales and fi rm age, there are a total of 236,936 
observations for estimation during the period from 2002–2007. Because 
we employ a fi rst-diff erence approach and use fi rst-diff erenced twice-
lagged variables as instruments, as explained in Section 2.4, the num-
ber of observations in the FD-2SLS estimations is reduced to 40,855, 
whereas there are 95,166 observations in the level-2SLS estimations.

6.  Results

6.1  Firm-level analysis

Table 2-2 shows the main results from fi rm-level analysis in which we 
regress the dummy for any IPA (IPA) or the number of IPAs (#IPA) on 
the log of foreign capital of incumbent foreign-owned firms (lnFDI). 
Columns (1)–(2) are results from the FD-2SLS estimations, whereas 
columns (3)–(4) are from the level-2SLS estimations. The standard error 
is clustered at the city-level. City characteristics are not reported in the 
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results due to space constraints. The p values from the Hansen overiden-
tifi cation test indicate that the instruments are valid in all regressions.

In Table 2-2, neither the dummy for IPAs nor the number of IPAs 
has any signifi cant eff ect on the foreign capital of foreign-owned fi rms. 
These results reveal that the existence of city-level IPAs in China fails to 
promote re-investment by incumbent foreign fi rms in general. This ob-
servation contrasts with the fi ndings reported in existing literature that 
demonstrate positive eff ects of national IPAs (Morisset, 2003; Harding 
and Javorcik, 2011). In addition to the main variables of interest, the 
coeffi  cient of the fi rst lag of the dependent variable exhibits its expected 
sign and is signifi cant. This result confi rms that a fi rm’s past investment 
history will have a strong infl uence on new investment by the fi rm. The 
eff ect of the dummy for SEZs (SEZ) is not signifi cant.

To check the robustness of the results, we experiment with several 
alternative specifi cations. First, we include the R&D intensity (the ratio 
of R&D expenditures to sales) and the corporate tax rate at the fi rm-lev-
el, following Cho and Tung (1998). Because these additional variables 
are missing for some years, there are fewer observations. Second, we 
include as an independent variable fi rms’  TFP, which is constructed us-
ing the method developed by Olley and Pakes (1996). Third, we replace 
the dependent variable with the share of foreign capital of total capital. 
We avoided using this variable in the baseline specifi cation because it is 
100 % and does not change over time for many incumbent foreign fi rms. 
Finally, we re-defi ne FDI by excluding capital from Hong Kong, Macao, 
and Taiwan because FDI from these three regions may have a diff erent 
motivation to FDI from other countries. All of these attempts do not 
change the main results that IPAs do not have a signifi cant eff ect on FDI 
infl ows.

6.2  City-level analysis

In this subsection we use city-level data to examine eff ects of IPAs on 
FDI infl ows by new foreign investors, rather than re-investment of in-
cumbent foreign-owned fi rms. Table 2-3 presents the results from the 
FD-2SLS estimation where the dependent variable is either the log of 
the contracted amount of new FDI, the log of the actual amount of new 
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FDI, or the log of the number of new foreign investments. The results 
indicate that the presence of IPAs in any of the regressions has no sig-
nifi cant eff ect on new FDI, suggesting that the establishment of IPAs 
does not attract new FDI infl ows or cross-border inbound M&A into the 
city. We also conduct the level-2SLS estimations as a robustness check 
and obtain similar results. SEZ is positive, but not robustly signifi cant.

6.3  Heterogeneous eff ect of IPAs

IPAs might have diff erent impacts based on their own quality. For ex-
ample, among all 142 city IPAs in China, only 64 had a valid website, 
and 34 had an informative English version as of April 2015. Without 
a website in English, IPAs cannot eff ectively disseminate information 
about the business environment in the city to foreign investors. Another 
source of heterogeneity is that the eff ect of IPAs on re-investment by 
incumbent foreign fi rms may be diff erent depending on the fi rms’ char-
acteristics. Most notably, larger fi rms are more likely to receive useful 
information from IPAs and thus to re-invest more.

To check whether the quality of IPAs determines the IPAs’ eff ects on 
the re-investment of foreign capital, we construct a new dummy variable 
for IPAs that have a valid website,  IPAweb, to partially control for the 
quality of IPAs. Because we cannot check whether IPAs had a website 
in each year during the sample period from 2002–2007, we further as-
sume that any IPA has or has not had a website since its founding until 
2015. In addition, to examine whether the size of the incumbent foreign 
fi rms changes the eff ect of IPAs, we utilize an interaction term between 
the IPA variables and the log of sales at the fi rm-level as an independent 
variable in the fi rm-level analysis. In the city-level estimations, we in-
teract IPAweb with the log of the city’s GDP.

The results from the FD-2SLS at the fi rm- and city-levels are shown 
in columns (1)–(3) and (4)–(6) of Table 2-4, respectively. Columns (3)–
(6) indicate that the eff ect of IPAs with websites is insignifi cant, which 
suggests that even IPAs of high quality do not promote FDI infl ows in 
general. However, the interaction term between one of the IPA vari-
ables and fi rm-level sales has a positive and highly signifi cant eff ect in 
columns (1)–(3). This result suggests that IPAs promote re-investment 
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by large incumbent foreign fi rms, probably because larger fi rms obtain 
information from IPAs more easily than small fi rms.

6.4  Conclusion

The aim of this study is to address whether IPAs can affect foreign 
firms’ decisions to invest in China. We apply a first-difference 2SLS 
approach to correct for potential biases due to the arbitrary selection of 
IPAs and show that city-level IPAs typically fail to attract investment by 
new foreign investors and re-investment by incumbent foreign-owned 
fi rms. Our estimation results indicate that while IPAs promote re-invest-
ment by large incumbent foreign fi rms, they fail to promote any other 
type of FDI. These results imply that although the major role of IPAs 
is to disseminate information on the business environment and avail-
able policy support in a city, the information reaches large foreign fi rms 
within the city but not small foreign fi rms or fi rms in foreign countries. 
It is therefore suggested that additional eff orts should be made by the 
Chinese government to increase the eff ectiveness of IPAs.

One caveat of this study is that we evaluate the quality of IPAs only 
by whether they have a website. There are several other possible chan-
nels to disseminate information about a city to foreign investors, includ-
ing investment seminars in foreign countries and inviting foreign inves-
tors and offi  cials to the city. Because of data limitations, we cannot ex-
amine the eff ects of such eff orts by IPAs. Therefore, although we found 
that the current IPAs are ineff ective, we are still not certain what eff orts 
should be made in practice other than building informative websites. We 
will leave these issues for future study.

Notes

1 Lu et al. (2015; 2017) also use fi rm-level data but focus on fi rms’ per-
formance such as employment and output. Inada (2013) fi nds spill-
over eff ects of FDI regulations using industry-level data.

2 Head et al. (1995), Head and Ries (1996) and Guimaraes et al. (2000) 
use a diff erent term, “agglomeration eff ect,” and indicate that exist-
ing FDI attracts further FDI.
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3 See the webpage of CIPA for details. http://tzswj.mofcom.gov.cn/.
4 Regional IPAs include provincial and city-level IPAs. In this study, 

we focus on city-level IPAs.
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C H A P T E R  T H R E E

How does the  origin of FDI aff ect domestic 
fi rms’ productivity?
Evidence from Vietnam

1.  Introduction

Recent empirical studies using firm-level data have investigated the 
mechanism as to how foreign direct investment (FDI) incurs  technology 
spillover to domestic fi rms through both  horizontal and  vertical link-
ages (e.g., Blomstrom and Kokko, 1998; Gorg and Greenaway, 2004). 
Meanwhile there have been a number of studies to investigate how the 
origin of FDI might have heterogeneous infl uence on domestic fi rms’ 
productivity, most of which try to examine the impact from empirical 
perspectives. The targeting home countries of investigation consist of 
the EU (Javorcik and Spatareanu, 2011; Ayyagari and Kosova, 2010; 
Monastiriotis and Alegria, 2011), the U.S.A. (Chen, 2011) and China (Ito 
et al., 2012; Kamal, 2014). They all show that the origin of foreign inves-
tors does lead to a diff erent spillover eff ect while the signs of the eff ect 
vary.

This research investigates the technology spillover eff ect of FDI on 
fi rms in Vietnam while paying attention to its varying eff ect across the 
origins of investors. Studies that examined the technology spillover ef-
fect of FDI on fi rms in newly emerging economies have been limited. 
Compared to China,  Vietnam has been positioned as a new investment 
target in Asia. Its FDI infl ow keeps rising in recent years and the de-
velopment is undergoing a transitional period towards a market-driven 
economy. Foreign investors crowd into Vietnam in pursuit of cheap la-
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bor and huge business margin. Although there are several studies which 
examined the  technology spillover effect of FDI in Vietnam (Thuy, 
2007; Nguyen, 2008; Anwar and Nguyen, 2014), this is the fi rst one to 
investigate the variation of the technology spillover eff ect of FDI from 
the perspective of the origins of investors. It also diff ers from existing 
literature in that it tries to verify the potential new channel—sourcing 
pattern, through which the backward vertical spillover is likely to occur.

With their close partnership with Vietnam and their notable penetra-
tion in the Vietnamese economy, FDI from East Asian countries are 
expected to aff ect more local fi rms’ performance than that from Europe 
and other regions. As shown in Figure 3-1, seven of the ten largest in-
vestor countries of FDI in Vietnam are in East-Asia, namely Taiwan, 
South Korea, Singapore, Japan, Hong Kong, Malaysia and Thailand.1 

Furthermore, there may be a significant difference in FDI spillover 
even among those major investor countries as they are thought to vary 
in relationship with Vietnam in terms of investment treaties, and trade 
agreements which can affect sourcing patterns of investors. Thus, an 
analysis of FDI spillover with meaningful disaggregation of FDI’s ori-
gins is needed to understand the systematic tendencies in FDI spillover.

Egger and Pfaff ermayr (2004), Rosendorff  and Shin (2012) demon-
strated  bilateral investment treaties (BIT) positive impact on promoting 
FDI in general. The fi rms from BIT-signed countries with Vietnam will 
enjoy more benefi ts such as protection from expropriation, free transfer 
of means and plenty of other resources. As a consequence, these fi rms 
will have more incentive to increase investment in Vietnam. Since more 
investment indicates foreign investors’ deeper interaction with domestic 
partners, because more local resource and labor shall be involved, we 
assume that the fi rms from BIT-signed countries will aff ect domestic 
fi rms in a diff erent way from those from non-BIT-signed countries.

Foreign fi rms’  sourcing patterns can also aff ect spillover. Saggi (2002) 
indicated that in developing countries, suppliers of intermediate goods 
are more likely to benefi t because foreign fi rms transfer zero defect pro-
cedure and production audits to domestic suppliers, thus increasing the 
productivity of the latter. However, such  backward spillover might only 
occur when there is suffi  cient interaction between local suppliers and 
foreign end users, which is to be verifi ed in this research. Even though 
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East Asian fi rms are found to invest the most, we can observe the diver-
sity in the way that fi rms from diff erent countries apply resources. Japa-
nese fi rms, for instance, tend to insist on using the suppliers from their 
own country because Vietnamese suppliers usually cannot meet their 
requirements on quality, cost and delivery (QCD). While Chinese inves-
tors tend to choose local suppliers to minimize costs. The frequency 
of corporation with local fi rms will aff ect the degree of the knowledge 
that local fi rms can learn from their foreign investors (Rodriguez-Clare, 
1996; Markusen and Venables, 1999). Therefore, we also examine the 
effect of sourcing pattern on FDI spillover by disaggregating origin 
countries in consideration of relative easiness to procure inputs between 
domestic procurement and import. This criteria leads us to focus on 
ASEAN as the most important trade arrangement to Vietnam. Ac-
cording to the ASEAN FDI database 2006 of the ASEAN Secretariat 
(2006), the total intra-ASEAN inward FDI to the manufacturing sector 
has been stably increasing since 1999. However, due to the relatively 
low tariff  rates for members under the Common Eff ective Preferential 
Tariff  (CEPT) scheme, ASEAN countries have the option not to source 
inside Vietnam because the intermediate inputs required for production 
such as parts are cheap to be imported from their home countries due to 
the preferential tariff . This might potentially reduce the local sourcing 
for ASEAN investors. For this reason, we make an individual group for 
only ASEAN investors.

Our study relies on a firm-level panel dataset build based on the 
Vietnam’s Enterprise Survey data during the period 2000–2011. We 
fi rstly examine how the geographical characteristics of foreign investors 
influences domestic firms’ total factor productivity (TFP) as a mea-
sure of fi rms’ technological level, and group their source countries into 
Asian, European and American ones. Then, we group source countries 
according to BITs in which Vietnam is a member since the spillover ef-
fect of the investor’s source countries is expected to be aff ected by the 
bilateral or multi-lateral relationships (Javorcik and Spatareanu, 2011) 
between Vietnam and other countries due to tax exemption or reduction 
incentives. Finally, we group the investors by their sourcing patterns 
and examine if the variation of spillover exists.2

The results suggest that FDI from Asian fi rms most prominently in-
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cur spillover to domestic suppliers in Vietnam. Within the Asian area, 
East Asian fi rms, excluding Japanese and Korean ones, contribute more 
to vertical spillover impact. The result also provides strong evidence 
that sourcing pattern is the most important channel to induce vertical 
technology spillover while horizontal FDI negatively aff ect the produc-
tivity of domestic competitors.

This chapter is organized as follows. Section 3.2 describes the situa-
tion of FDI in Vietnam. Section 3.3 summarizes previous literature con-
cerning the spillover eff ect of FDI. Section 3.4 describes the data and 
estimation strategy. Section 3.5 presents the results, and examines the 
robustness. Section 3.6 concludes.

2.  Background

Vietnam has experienced remarkable economic growth due mainly to 
two major events—the adoption of a major economic reform called Doi 
Moi in 1986, and accession to the  World Trade Organization (WTO) 
in 2006. A high growth rate of around 7 % was observed from the late 
1990s to the late 2000s, and this period is characterized as being a pe-
riod of rapid growth in inward FDI to the country. Vietnam has become 
one of the most attractive destinations in the world for FDI during the 
last decade primarily due to its cheaper labor among East Asian coun-
tries. China had been the world’s most popular destination for FDI for 
a long time, however since the 2000s, the emerging South-East Asian 
countries have become attractive destinations. Vietnam has been one 
of the most successful countries in the region in attracting FDI from 
countries worldwide both because of its substantially lower wages and 
because of the success of Doi Moi in liberalizing trade and investment. 
In the case of the apparel industry, for example, Vietnamese wages were 
approximately half those in China (Wall Street Journal, May 1st, 2013). 
Also, Samsung is shifting their production base to Vietnam in order to 
maintain profi t margins by saving labor costs as growth in sales of high-
end handsets has slowed down, according to a Bloomberg report in De-
cember 2013 (Lee and Folkmanis, 2013).

FDI has recently accounted for an increasingly large part of invest-
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ment in Vietnam. The share of implemented FDI in Vietnam’s GDP rose 
from 0.3 % in 2000 to 1.2 % in 2007 (General Statistics Offi  ce, Viet-
nam). The number of FDI projects in 2007 was fi ve times as many as in 
2000 and the total implemented capital of these projects had increased 
nearly four times, amounting to around USD 80 billion (Figure 3-2). 
Meanwhile, according to the recent “Vietnam Industrial Investment 
Report 2011” (hereafter referred to as VIIR), the sectorial composition 
of FDI is mainly concentrated in manufacturing and real estate. At the 
end of 2011, these two sectors accounted for around 67 and 77 % of total 
FDI projects and registered capital, respectively. Further, FDI has been 
highly concentrated in a limited number of cities, namely, Ho Chi Minh 
City, Hanoi, Dong Nai, Baria-Vung Tau, and Binh Duong. These cover 
nearly 60 % of all the FDI infl ows at the national level.

The amount of FDI does not only matter to spillover, but the way 
in which foreign investors source their intermediate inputs is also ex-
pected to aff ect the pattern of technological spillover. For example, even 
though ASEAN investors are assumed to invest more in Vietnam than 
non-ASEAN investors, the former can also import the intermediate in-
puts from their home countries directly. In this way ASEAN investors’ 
interaction with local suppliers might not be as strong as that of the non-
ASEAN investors. Thus, we would like to take into account foreign in-
vestors’ sourcing pattern when investigating the degree of spillover.

3.  Literature review

This research aims to investigate the mechanism by which diff erences 
in the origin of foreign investors affects the productivity of domestic 
fi rms in Vietnam. First, we review the studies that generally elaborate 
on how FDI promotes spillover through both horizontal and vertical 
channels. Then, we pay particular attention to the case of Vietnam, 
followed by investigation into the relationship between the investors’ 
country of origin and heterogeneous spillover eff ects. Finally, we review 
some factors, such as  preferential agreement, that might aff ect the spill-
over incurred by fi rms from diff erent countries of origin.
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3.1  FDI spillover

3.1.1  Mechanism of technology spillover through FDI
The results regarding FDI’s impact on horizontal spillover are mixed 
due to two counteracting effects: the “demonstration effect” and the 
“crowding out effect”. Liu (2008) proposed a model to explain the 
former. He extended Ehrlich et al.’s (1994) model of fi rm productivity 
gap to demonstrate the mechanism through which FDI causes positive 
technology spillover. He argued that the dominance of foreign inves-
tors in terms of technology promotes domestic fi rms to increase their 
productivity, and empirically demonstrated that the productivity gain to 
domestic fi rms is positively correlated with  technology gap.3 Empirical 
evidence provided in Blomstrom and Wang (1992), Markusen and Ven-
ables (1999), and Glass and Saggi (2002) generally support Liu (2008)’s 
theory. The local partners in developing countries have an incentive 
to absorb the technology of foreign affiliates with superior technol-
ogy through training provided by the foreign affi  liates or learning by 
imitation in order to compete with their rivals. This happens when the 
competition is intense and domestic fi rms have to use their resources in 
a more effi  cient way or adopt new technology (Blomstrom and Kokko, 
1998).

On the other hand, competitors in the same industry can also cause 
a “ crowding-out” eff ect (Caves, 1996; Backer and Sleuwaegen, 2003), 
and this may result in a lower average productivity of the industry. The 
protection of intellectual property and higher wage paid by foreign af-
fi liates causes the operation costs of domestic fi rms to increase, thereby 
driving local fi rms out of the market. If the crowding-out eff ect off sets 
the demonstration eff ect, the net impact of FDI may become negative. 
This may explain why previous empirical studies on this topic showed 
ambiguous results (Aitken and Harrison, 1999; Haskel et al., 2007; Mo-
nastiriotis and Alegria, 2011).

In contrast to  horizontal spillover, foreign affiliates also gener-
ate  vertical spillover when they deal with both the local suppliers and 
domestic buyers. This kind of spillover takes place more frequently 
through: (1) direct knowledge transfer from multinational fi rms to local 
suppliers; and (2) stricter requirements for product quality and on-time 
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delivery by multinational fi rms (Javorcik, 2004). Thus, in this research 
we would like to pay attention only to the infl uence that foreign custom-
ers have on local suppliers (or backward vertical spillover).

3.1.2  Heterogeneity of spillover eff ects across origins of FDI

Despite the large body of literature that concentrates on the presence 
of FDI and technology spillover, there have been only a few studies, to 
the best of our knowledge, to investigate the relationship between the 
origin of FDI and its spillover impact from a theoretical point of view. 
Evidence relies solely on empirical studies.

Monastiriotis and Alegria (2011) focused on European fi rms’ invest-
ment in Bulgaria, but only in the case of horizontal spillover. Their 
finding was that, compared to the strong spillover from Greek FDI, 
the impact of FDI from other European fi rms’ impact was fairly small. 
Ayyagari and Kosova (2010) found horizontal spillovers in the Czech 
Republic are driven by FDI from EU fi rms, but not from non-EU fi rms. 
They provided an insight into why spillover does not exist in the manu-
facturing industry; manufacturing fi rms tend to protect their knowledge 
more than fi rms in the service sector. Although the impact in manufac-
turing and services might be diff erent, the opposing eff ects will simply 
cancel out when the full sample is used.

Javorcik and Spatareanu (2011) used fi rm-level panel data from Ro-
mania to examine whether the origin of foreign investors affects the 
degree of vertical spillover from FDI. They found that the distance be-
tween the host and the source economy positively aff ects the share of 
intermediates sourced locally by multinationals. They also found that 
the sourcing pattern is likely to be aff ected by preferential trade agree-
ments. In their research, FDI from American firms is found to have 
more backward spillover eff ect on domestic fi rms in Romania than that 
from European fi rms.

Chen (2011) evaluated the casual relationship between the source of 
FDI origin and performance of target fi rms in the U.S.A. She divided 
foreign investors into OECD and non-OECD, finding that FDI from 
OECD fi rms causes target fi rms to gain more labor productivity after 
M&A. The same fi ndings were made by Vega et al. (2011), Ito et al. (2012) 
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and Kamal (2014).

3.2  Spillover on domestic fi rms’ productivity in Vietnam

At the macro-level, Thuy (2007) used industry-level data from 1995 to 
2002 in Vietnam to examine if FDI’s linkage with domestic fi rms has 
a positive impact on the latter’s labor productivity. Since the Vietnam-
ese Enterprise Survey became available, there have been an increasing 
number of studies on the analysis of spillover impact at a micro-level. 
Nguyen (2008) examined both the horizontal and vertical spillover ef-
fect of FDI on TFP in several regions in Vietnam. He found a positive 
eff ect for both horizontal and vertical spillover for Vietnamese manu-
facturing industries, but that the eff ect varies across regions and types 
of fi rms. Anwar and Nguyen (2014) supported his claim by testing the 
FDI spillover eff ect in eight regions of Vietnam. They found a strong 
positive impact of FDI on TFP through backward linkages in some re-
gions but a negative impact in other regions.

3.3  Sourcing pattern, preferential agreement and spillover

Xuan and Xing (2008) shed light on the fact that investors from Asian 
countries, such as Japan and Singapore, tend to consider Vietnam as a 
production base for their exports, for the purpose of reducing production 
costs. They argued that a  free trade agreement (FTA) might enhance 
inward FDI because tariff exemption encourages foreign investors to 
shift their production activities to Vietnam and export back to the home 
countries (or export directly to other countries). Examples can be found 
where, after Vietnam signed FTAs with Japan, the U.S.A., and ASEAN 
countries, the FDI fl ow into Vietnam from these areas all increased. We 
follow their approach to separate samples according to agreement-based 
groupings. Since we are interested in how the origin of each individual 
country matters, in practice we will also use bilateral preferential agree-
ment as the criterion.
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4.  Data and estimation strategy

4.1  Data

This research uses a panel dataset constructed from the Vietnam En-
terprise Survey at firm-level. The Vietnam Enterprise Survey data is 
collected annually by the  General Statistics Offi  ce (GSO) of Vietnam 
for all industrial sectors as of March 1st of each year. The general ob-
jectives of this survey are: (1) to collect business information needed to 
compile national accounts; (2) to gather up-to-date information on busi-
ness registrations; and (3) to develop a statistical database of enterprises. 
This panel dataset covers ten years, from 2002 to 2011, in which Viet-
nam experienced two major economic changes, namely WTO accession 
and the global economic crisis. The majority of the fi rms in the dataset 
can be found in the list of  Vietnam Standard Industrial Classifi cation 
(VSIC) codes,4 including all 22 manufacturing sectors out of 42 in total. 
Profi les of fi rms concerning ownership, labor, capital stock, turnover, 
assets, FDI, wage, materials inputs and other information are provided.5 

In the estimation model, we measure capital and labor by fi xed asset 
and total labor at the end of year. Output and capital are defl ated using 
annual GDP.6 Above that, the GSO surveyed all  multinational enter-
prises (MNEs), which are defi ned as fi rms that have foreign capital.7 An 
advantage of this dataset is that the country that represents the owner-
ship of the fi rm is also reported. Each fi rm is given a unique “enterprise 
code”, and it is used together with the province code to identify fi rms 
and construct the panel dataset.

The number of observations in each year is presented in Table 3-2.8 
Incomplete information about exports and imports, missing data for 
materials, and non-conformity of units among diff erent years, lead to a 
reduction in observations that can be used in the analysis. We eliminate 
the missing observations in calculating fi rm’s productivity, and delete 
outliers.9 In the end, 1,272,058 observations remain.

4.2  Estimation of fi rm productivity

 TFP is the most commonly used measure of the eff ect of FDI spillover 
on firm’s performance in literature (see, for example, Haskel et al., 
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Variable Mean S.D. N
Material 3.746 2.346 553993
Labor 2.385 1.287 1367707
Output 6.382 2.238 1318029
Capital 5.182 1.936 1197153
Investment 5.223 1.928 472853

Table 3-1  Statistical summary on the variables used for the pro-
duction function estimation

Note: All variables are in the form of logarithm (2002–
2011).

Year Asia Europe North America
2002 1,687 278 71
2003 1,611 208 56
2004 2,379 327 109
2005 2,707 394 138
2006 2,662 336 116
2007 3,703 449 179
2008 4,134 528 210
2009 4,751 623 246
2010 4,974 662 265
2011 5,739 734 322

Table 3-2  The number of foreign fi rms by continent (samples used 
for estimation).

Source: Annual Enterprise Survey, GSO Vietnam (2002–
2011).
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2007; Javorcik 2004). Although there are many ways to estimate TFP, 
we choose two alternative approaches that are suitable to the data situa-
tion, namely  stochastic frontier estimation, and  Levinsohn and Petrin’s 
(2003) fi rm-level productivity estimation. The former has the advantage 
of isolating statistical noise from genuine productivity, whereas the lat-
ter has the advantage of incorporating explicitly the correlation between 
unobservable productivity shocks and input levels.

Let us begin by using the traditional econometric approach to es-
timate TFP to illustrate the advantages of the approaches. The Cobb-
Douglas production function is written as:

lnYit = α + βklnKit + βllnLit + εit     (3.1)

where Yit stands for firm i’s net revenue in year t. K and L represent 
capital and labor respectively, εit is the unobserved error term. Once this 
model is estimated using  ordinary least squares (OLS), TFP is calculat-
ed by normalizing the exponential transformation of the residual.10 The 
well-known drawback of this approach is its inability to isolate genuine 
productivity from statistical noise.

The stochastic frontier analysis overcomes this drawback by includ-
ing two error components representing both (the inverse) technical 
effi  ciency and statistical noise. According to Aigner et al. (1977) and 
Kumbhakar and Lovell (2000), the model is specifi ed as:

lnYit = β0 + ∑ βnlnxni + vi + ui     (3.2)

where xni is a vector of inputs. vi is the noise component and ui is the 
non-negative technical ineffi  ciency component. Here, technical effi  cien-
cy derived by inverting the technical ineffi  ciency estimate is the mea-
sure of TFP. A half normal, exponential and Gamma distributions are 
often assumed on ui to ensure non-negativity of productivity estimates, 
whereas a full normal distribution is assumed on vi as is common for 
random noise. The conditions for the error components for the normal-
half normal model are: (1) vi – iid N (0, σv2) (2) ui – iid N + (0, σv

2) (3) vi 

and ui are distributed independently of each other, and of the regressors.
This model is estimated by maximum likelihood estimation. Once 
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estimates of ui are obtained from the residual of the model, the technical 
effi  ciency of the fi rm can be obtained by:

TEi = exp{−ûi}     (3.3)

where ûi is E(ui | εi).
11 Alternative distributional assumptions on ui can be 

accommodated simply by replacing (2).
The concern about the bias caused by correlation between unobserv-

able productivity shocks and input levels motivates us to use a line of 
structural approaches that can handle the endogeneity of input selection, 
proposed originally by  Olley and Pakes (1996) and improved by later 
studies such as Levinsohn and Petrin (2003). Olley and Pakes assume 
that labor is the only (freely) variable input, and thus is likely to be af-
fected by productivity shocks. Levinsohn and Petrin add greater fl ex-
ibility to the Olley and Pakes model by assuming an intermediate input 
to a variable input as well, while both assume that capital is a state or 
quasi-fi xed variable. Consider the following econometric specifi cation:

lnYit = αi + βklnKit + βllnLit + βmlnMit + ωit + εit   (3.4)

where Kit, and Lit denote capital and labor, respectively, and Mit denotes 
intermediate input such as materials. The term ωit represents the produc-
tivity that is assumed to be observable to the fi rm. Levinsohn and Petrin 
use the intermediate input to invert ωit, thus reducing endogeneous bias, 
in comparison to OLS estimation.12

We employ both the stochastic frontier analysis and the structural 
approaches because each has advantages and weaknesses in different 
aspects. The former is robust against the eff ect of statistical noise, but 
is not suited to handle the input-productivity correlation. On the other 
hand, the latter is robust against the input-productivity correlation, but 
is likely to be infl uenced by statistical noise. Furthermore, the latter is 
data demanding as it requires data on intermediate input and lagged in-
put variables.

The lack of data on intermediate input, in particular, is a critical 
constraint when we estimate the Levinsohn and Petrin model. There 
is no direct measure of intermediate input, however, we use “work-in-
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process” as a proxy variable for intermediate input. “Work- in-process” 
is an appropriate proxy because products that are uncompleted in the 
previous period are to be brought into the production line in the current 
period and to be completed. Also, it has to be noted that we interpolate 
input variables to avoid losing too many observations due to the use of 
the lagged inputs in the Levinsohn and Petrin model. These caveats are 
thought to reduce reliability of the estimation using this structural ap-
proach. Thus, we would rather use this model as a robustness check for 
the stochastic frontier analysis. As discussed later, both estimations are 
reasonably similar, and therefore, we claim that the stochastic frontier 
analysis yields fairly reliable results.

4.3  Estimating spillover eff ect

Now we proceed to the methodology to estimate the eff ect of FDI on 
the estimated TFP. We use a standard panel regression where TFP is 
regressed on measures of the infl uence of FDI and other covariates. The 
FDI spillover variables are built based on the infl uence of FDI within 
the same industry and downstream industries. The former captures the 
horizontal spillover eff ect, and the latter captures the backward vertical 
spillover. The origins of FDI are also distinguished in the FDI spillover 
variables. The estimation model becomes:

lnTFPijt = αi + β1Horizontaljt−1 + β2Vertical_Asiajt−1

+ β3Vertical_Europejt−1 + β4Vertical_NorthAmericajt−1

+ β5Herfi ndaljt−1 + βi Xit + ηt + uijt   
(3.5)

lnTFPijt is the logarithm of TFP of fi rm i, in sector j at time t. Hori-
zontaljt is defi ned as the share of sector j’s output produced by foreign 
fi rms at time t.13 Vertical_Origin is the measure of foreign presence in 
the  downstream industries. These variables are constructed by adopting 
the formula developed by Javorcik and Spatareanu (2011), which are an 
origin-diff erentiated version of the variables proposed by Javorcik and 
Spatareanu (2004). Since there might be a time lag for spillover to oc-
cur, we use the one-year lags of each variable as independent variables. 
Apart from covariates Xit, we also include the  Herfi ndahl index. Time 
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dummies are included to control for time specifi c shock ηt. The fi xed 
eff ect model is used to control for the fi rm-industry pair eff ect αij by as-
suming that uijt = αij + εijt. The variable Vertical_Origin is defi ned as:

Vertical_Originjt = 
k=j
αjktHorizontal_Originkt   (3.6)

where Horizontal_Origin is defi ned as the share of the output produced 
by foreign fi rms within sector k in year t, and αjkt is the coeffi  cient rep-
resenting the proportion of sector j’s output used by sector k in year t.14 
The coeffi  cients are taken from the Vietnamese  Input-Output Table (IO 
Table) 2007.

For the industry classifi cation, we follow that of the IO Table 2007 
because it is necessary to explore the industry linkage to construct 
vertical spillover variables. However, because the Enterprise Survey 
follows VSICcode industry classifi cation it was necessary to match the 
industries in the dataset with those used in the IO Table. In the end, the 
industry categories were reduced from 138 to 42 (see detailed categories 
in Appendix. Furthermore, the VSICcode system changed from VSIC-
code1993 to VSICcode2007 in year 2007, therefore, the industry codes 
used prior to 2007 are converted in accordance with VSICcode2007 by 
using a 1993–2007 concordance table.15

As indicated in Javorcik and Spatareanu (2011), because of the 
advantage in technology, foreign buyers usually require high-quality 
inputs, thus imposing pressure on their  upstream local suppliers. Ac-
cordingly, it is more reasonable to observe that the spillover incurred 
backwardly to the suppliers. In the following sections, we only focus on 
backward linkage and use Backward_Vertical_Originjt to represent ver-
tical spillover from sector j to sector k. It is used to capture the potential 
interaction between foreign fi rms in j and local suppliers in k. This in-
dex was fi rst developed by Schoors and van der Tol (2001). In the base-
line estimation, we include Vertical_Continent (Asia, Europe and North 
America) fi rst, and use a diff erent grouping method to investigate other 
topics of interest. All specifi cations are estimated using “cluster” in the 
industry-level.
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4.4  Grouping of origin countries of foreign investors

4.4.1  Baseline grouping—continent
The categorization in this research is based on the geographic location 
of the fi rms. The baseline model adopts the grouping of origin countries 
of foreign investors according to Javorcik and Spatareanu (2011): name-
ly, Asian, European, and North American fi rms.16 These regions account 
for 90 % of the origin countries of foreign investors in the sample.

4.4.2  Alternative grouping

4.4.2.1  Bilateral investment treaty (BIT) blocs
Egger and Pfaffermayr (2004) and Rosendorff and Shin (2012) dem-
onstrated the positive impact of BITs on promoting FDI in general. 
Rosendorff and Shin (2012) pointed out that it is especially the case 
for countries that need institutional improvement the most. Although 
the political partnership between Vietnam and its foreign investors is 
beyond the scope of discussion in this study, most of previous studies 
reach a consensus that  BITs lead to greater FDI infl ows. Thus, we ex-
amine the eff ect of BITs by applying an alternative grouping in terms of 
BITs to the vertical spillover variables.17 We group countries depending 
on whether they have signed BITs with Vietnam during the period of 
estimation according to the criteria of the United Nations Conference on 
Trade and Development.

4.4.2.2  Alternative grouping—FTA-based grouping
We mentioned previously that the sourcing pattern of foreign fi rms is 
also likely to be aff ected by preferential trade agreements. Because of 
the existence of the AFTA within ASEAN, we expect that the firms 
based in the member countries that are benefi ting from this agreement 
have a diff erent way to procure their resources from that of the inves-
tors from outside ASEAN. Because ASEAN fi rms have higher average 
productivity than their Vietnamese counterparts do,18 upon entering the 
market, they tend to be huge rivals to Vietnamese domestic fi rms. Thus, 
we expect the horizontal spillover eff ect from FDI from ASEAN fi rms 
to be negative.
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4.4.2.3  Consideration of Japan and Korea
Japan and Korea are Vietnam’s two most important business partners 
among the country’s BIT partners after the year 2000. These countries 
have close ties with Vietnam, and have been the largest investors in 
recent years. By the end of 2010, as far as investment amount is con-
cerned, Japan was amongst the top four countries of origin in Vietnam, 
with the other three being Taiwan, Korea and Singapore (MPI, 2011).

Nevertheless, Japanese manufacturers’ procurement ratio in Viet-
nam is quite low, compared to the other ASEAN countries. According 
to the Japan External Trade Organization (JETRO), the local procure-
ment ratio of Japanese manufacturing firms in 2004 was 47.9 % in 
Thailand, 45.0 % in Malaysia, 38.3 % in Indonesia, and 28.3 % in the 
Philippines, while this number was 22.6 % in Vietnam (JETRO, 2005). 
As Mori (2006) argues, most Japanese investors in Vietnam do not have 
suffi  cient information on where productive Vietnamese suppliers are lo-
cated. Even though the localization rate has been rising in recent years, 
locally procured products are still limited to low-value parts. In con-
trast, investment from Korean fi rms in the fi rst quarter surpassed Japan 
in June 2014, and accounted for 22.9 % of the entire investment amount 
in Vietnam.19 Samsung and LG electronics are the main driving force of 
this investment surge. However, Samsung Vietnam still prefers Korean 
suppliers to local fi rms because “the quality of local parts is below stan-
dard.”20 Their localization rate was 16 % in Vietnam during 2012 com-
pared to 40 % in China.

While we witness Japanese and Korean fi rms’ large investment in 
Vietnam, it is not certain whether it can still cause a signifi cant spillover 
eff ect when less interaction with local suppliers is involved. Thus, it is 
worthwhile to examine a grouping that isolates Japan and Korea from 
the Asian country group: Japanese & Korean, non-JK Asian, European 
and North American.

5.  Estimation results

5.1  Total factor productivity
We rely mainly on the stochastic frontier analysis in the estimation of 
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TFP due to its modest data requirement. We then examine its robustness 
by comparing it with alternative methods, primarily, Levinsohn and 
Petrin (LP) structural approach. We also estimate the production func-
tion by OLS and fi xed eff ects model to derive TFP for comparison pur-
poses. We include “intermediate input” (proxied by “work-in-process”) 
in the OLS, the fixed effect model (FE), and the stochastic frontier 
models (SF) as well. TFP scores from OLS and FE are normalized to 
follow the range from 0 to 1. The parameter estimates of the production 
function for each model are presented in Table 3-3, and the statistical 
summary on TFP scores are presented in Table 3-4. Although there are 
moderate diff erences between the parameters of alternative models, the 
relative magnitude between the coeffi  cients of capital and labor can be 
said to be reasonably similar. On the other hand, the coeffi  cients for the 
intermediate input are substantially diff erent across the models; most 
importantly, between the full SF and LP models. The low correlation 
between SF and OLS/FE implies the disadvantage of OLS/FE estima-
tion of mixing random noise with genuine TFP.

This concern about the robustness of parameter estimates leads us to 
examine robustness by directly comparing the TFP scores across mod-
els. Table 3-4(b) shows the pair-wise correlation between TFP scores 
under alternative models. The moderate correlation between TFP scores 
under LP and two SF models motivates us to examine TFP scores in 
terms of ranking. Table 3-4(c) shows that the rank-based correlations 
between any of the two SF models and LP are nearly one. This justifi es 
the use of SF based TFP scores in the subsequent analysis of FDI spill-
over although we should examine robustness of the results between SF 
and LP.

5.2  Baseline estimation result

The baseline results for FDI spillover based on equation (3.5) are shown 
in Table 3-5. The baseline estimation applies stochastic frontier TFP.21 
We observe negative and signifi cant signs for Horizontal_Asia through-
out the models, and this indicates the presence of a strong replacement 
eff ect by FDI from the Asia region. This result is consistent with Caves 
(1996) and Blomstrom et al. (2000) who found a tendency of MNCs 
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Dependent Variable: Ln_TFP (SF) (1) (2)

Herfi ndal –0.0967***
(0.0295)

–0.0976***
(0.0295)

Horizontal_total –0.0299***
 (0.00983)

Vertical_total 0.0228*
(0.0119)

Vertical_Asia 0.0353**
(0.0170)

Vertical_Europe –0.0416
(0.100)

Vertical_NorthAmerica –0.291
(0.549)

Horizontal_Asia –0.0370***
(0.00881)

Horizontal_Europe –0.0205
(0.0187)

Horizontal_NorthAmerica –0.0153
(0.0598)

Observations 1,272,058 1,272,058
R-squared 0.052 0.052
Number of id 569,507 569,507

Table 3-5  Result of FDI spillover with region-based groupings 
(baseline)

Notes: All control variables are in the form of one period lag. Robust standard 
errors in parentheses, calculated with cluster option. *** p < 0.01, ** p < 
0.05, * p < 0.1. Year dummy is included; fi rm-specifi c characteristics are 
controlled (fi xed eff ect).
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to “crowd out” local firms in the same industry in developing coun-
tries. Horizontal_Europe and Horizontal_NorthAmerica however, are 
not robustly significant.22 This phenomenon might be due to the fact 
that Asian firms have relatively closer technology to domestic firms 
than European or North American fi rms do. Thus, Asian fi rms pose a 
greater threat to the local competitors. The result also implies that, if 
Vietnamese fi rms are to compete with foreign fi rms in the same indus-
try, a greater eff ort in product diversifi cation or product diff erentiation 
through greater R&D would be necessary.

Vertical spillover 23 from FDI from the Asia region, Vertical_Asia, 
always has a positive sign and in most cases it is signifi cant.24 This sup-
ports our hypothesis that higher penetration of Asian FDI does have 
positive spillover on Vietnamese suppliers. Concerning FDI from Eu-
ropean and North American fi rms, however, no consistent results are 
found. This indicates that a potential technology gap, on its own, might 
not necessarily lead to spillover.

5.3  Result for alternative groupings

Table 3-6 indicates that a greater vertical spillover on domestic suppli-
ers seems to be generated by investors from countries that have signed 
BITs whereas the direction of the eff ect is mixed in the case of the non-
BIT investors. These unstable results for the non-BIT investors may 
be explained by greater investment barriers for investors from coun-
ties without BITs. On the other hand, the signifi cantly negative sign of 
horizontal spillover shows that investors with BITs tend to suppress the 
development of their domestic competitors in the same industry.

Columns (1) and (2) in Table 3-7 show the result for grouping with 
Japanese and Korean fi rms and non-JK Asian fi rms, thus demonstrating 
how the spillover eff ect diff ers among diff erent degrees of interaction 
with local suppliers. They support our prior hypothesis that Japanese 
and Korean fi rms do not have any vertical spillover eff ect. Asian inves-
tors, excluding these two countries, still show positive spillover impact 
in the vertical direction. At the same time, Horizontal_nonJK_Asia 
always has a negative sign, implying that investment from this region 
is suppressing the productivity growth of Vietnamese fi rms in the same 
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Dependent Variable: Ln_TFP (1) (2)

Herfi ndal –0.120***
(0.0337)

–0.123***
(0.0336)

Horizontal_total –0.0305***
(0.00983)

Vertical_BIT 0.0354**
(0.0153)

0.0348**
(0.0149)

Vertical_non-BIT –0.0150***
(0.00490)

–0.0148***
(0.00488)

Horizontal_BIT –0.0413***
(0.00844)

Observations 1,272,058 1,272,058
R-squared 0.052 0.053
Number of id 569,503 569,503

Table 3-6  Result of FDI spillover with BIT-based groupings

Notes: All control variables are in the form of one period lag. Robust stan-
dard errors in parentheses, calculated with cluster option. *** p < 0.01, 
** p < 0.05, * p < 0.1. Year dummy is included; fi rm-specifi c character-
istics are controlled (fi xed eff ect).
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Dependent Variable:
Ln_TFP (SF) (1) (2) (3) (4)

Herfi ndal –0.0549***
(0.0199)

–0.0538***
(0.0195)

–0.0659*
(0.0389)

–0.0650*
(0.0393)

Horizontal_total –0.0308***
(0.00982)

–0.0312***
(0.00993)

Vertical_Europe –0.0424
(0.0978)

–0.0343
(0.0979)

–0.0361
(0.0986)

–0.0257
(0.0969)

Vertical_NorthAmerica –0.363
(0.543)

–0.180
(0.546)

–0.376
(0.546)

–0.241
(0.539)

Vertical_JK 0.0258
(0.0244)

0.0299
(0.0221)

0.0193
(0.0221)

0.0287
(0.0200)

Vertical_non-JK_Asia 0.0562***
(0.0214)

0.0479**
(0.0209)

Vertical_ASEAN –0.0370
(0.0433)

–0.0210
(0.0419)

Vertical_other Asia 0.133***
(0.0450)

0.106**
(0.0412)

Horizontal_Europe –0.0262*
(0.0146)

–0.0236
(0.0149)

Horizontal_NorthAmerica 0.0107
(0.0582)

0.0277
(0.0611)

Horizontal_JK 0.00329
(0.00917)

–0.00395
(0.00928)

Horizontal_non-JK_Asia –0.0788***
(0.0151)

Horizontal_ASEAN –0.116***
(0.0272)

Horizontal_other Asia –0.0518***
(0.0139)

Observations 1,272,058 1,272,058 1,272,058 1,272,058
R-squared 0.052 0.053 0.053 0.054
Number of id 569,505 569,505 569,507 569,507

Table 3-7  Result of FDI spillover with region-based groupings (alternative)

Notes: All control variables are in the form of one period lag. Robust standard errors in parentheses, 
calculated with cluster option. *** p < 0.01, ** p < 0.05, * p < 0.1. Year dummy is included; fi rm-
specifi c characteristics are controlled (fi xed eff ect).
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industry. Meanwhile, we fi nd that FDI from European investors also has 
a “crowding out” eff ect, although it is not the case for North American 
investors.

Columns (3) and (4) in Table 3-7 show the diff erent spillover eff ect 
when we take into account both FTA and foreign investors’ interaction 
with local suppliers. Vertical_otherAsia (Backward) is always positive 
and signifi cant, which indicates that the FDI from Asian fi rms leads to 
positive spillover on Vietnamese fi rms’ productivity, and it is mainly 
caused by East-Asian fi rms, except Japanese and Korean ones. A pos-
sible explanation would be that investors from countries such as Taiwan, 
Hong Kong and China have more advanced technology than Vietnamese 
fi rms. Furthermore, these fi rms have more incentive to source locally 
because of the imposed tariff  on imported parts from outside ASEAN. 
In comparison, the lack of sourcing by Japanese and Korean fi rms in 
local areas prevents their technology from being spread to the domestic 
suppliers. On the other hand, horizontal indicators alway show negative 
signs except for Horizontal_NorthAmerica. Among them, Horizontal_
ASEAN and Horizontal_otherAsia are significant in all cases. This 
provides strong evidence that foreign fi rms’ entry in the same industry 
prevents domestic competitors from increasing their productivity.

5.4  Robustness check

5.4.1  Higher foreign share cutoff 
As indicated by Javorcik and Spatareanu (2011), small  ownership share 
gives foreign investors little power to take control of the fi rm and low-
ers the possibility of technology spillover led by foreign shareholders. 
Since, in our baseline estimation, foreign fi rms are defi ned as the ones 
with foreign share regardless of the percentage, we would like to check 
the robustness of the results in the previous sections by increasing the 
cut-off  value. We decide to use 50 % foreign equity share as the cut-off  
value to conduct the examination.25 As shown in column (1) of Table 
3-8, this attempt does not change the qualitative prediction.
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5.4.2  Location eff ect
Due to the geographical inequality in economic growth inside Vietnam, 
we are motivated to investigate how foreign fi rms in diff erent regions 
have a distinctive impact on domestic firms’ TFP. The centrally ad-
ministered provinces in Vietnam can be roughly divided into 6 major 
socio-economic districts: the  Red River Delta, Midlands and Northern 
Mountainous Areas, Northern and Coastal Central Regions, Central 
Highlands, Southeastern Area, and Mekong Delta. Thus, we divide the 
full sample by region and see if there is any variation among differ-
ent groups. We try to identify the location of each fi rm by “province” 
code.26 Column (2) in Table 3-8 shows the result for the Red River Delta 
analysis. The signifi cant and positive sign of Vertical_Asia (Backward) 
shows that FDI from Asian firms has more impact on promoting the 
productivity of domestic fi rms. Considering that the Red River Delta is 
the most economically developed region in Vietnam, it can be inferred 
that FDI from Asian fi rms is more likely to lead to spillover in the areas 
where economic development is more active and prosperous.

5.4.3  Firm size eff ect
We further investigate if the size of the domestic fi rms aff ects the way 
they receive FDI spillover. To do this, we divide all domestic firms 
into three groups: small (< 10 persons), medium (10 to 50 persons), and 
large (50 persons or more) fi rms. Then we conduct the same estimation 
as in equation (3.5) based on the samples in each group. As shown in 
columns (3) and (4) of Table 3-8, Asian investors cause positive vertical 
spillover to their domestic suppliers when domestic fi rms are of small 
and medium size, while this impact is not found when only large fi rms 
are concerned.27 This implies that spillover from FDI from Asian fi rms 
is more possible in relatively small-scale fi rms because such fi rms are 
fl exible in absorbing new technology and staff  from outside. By con-
trast, it will take time for large fi rms to adapt themselves to diff erent 
technology systems. On the other hand, Horizontal_Asia is negatively 
signifi cant for small fi rms, while both Horizontal_Asia and Horizontal_
Europe play negative roles for medium fi rms. We do not observe any 
consistent results for large fi rms.
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5.4.4  Controlling for  heterogeneity of foreign fi rms

One might argue that our previous fi ndings are caused by the idiosyn-
cratic characteristics of diff erent foreign investors. MNCs from diff er-
ent countries will usually have diff erent productivities (see Appendix 
Table 3-9). This variation in productivity may be a factor in aff ecting 
the degree of spillover because fi rms with more sophisticated technol-
ogy will require more refi ned inputs from their local suppliers. On the 
other hand, if the TFP of foreign fi rms is far superior to that of domestic 
suppliers, it is diffi  cult for domestic fi rms to catch up and more likely 
that the presence of FDI will not bring any spillover eff ect to the up-
stream suppliers. To verify whether foreign fi rms’ TFP heterogeneity 
matters, and following Javorcik and Spatareanu (2011), we generate a 
new control variable Vertical_TFP.28 The estimation result is presented 
in column (5) of Table 3-8. Vertical_TFP is always negative and sig-
nifi cant. This indicates that the more sophisticated the foreign fi rms in 
downstream sectors are, the more diffi  cult it is for these fi rms to be able 
to transfer knowledge to their local suppliers. Meanwhile, adding this 
term does not change our previous conclusions.

6.  Conclusion

By far the spillover impact of FDI has been widely investigated. In this 
research, we examine how the origin of foreign investors affects the 
degree of horizontal and vertical technology spillovers, using fi rm-level 
panel data from Vietnam in 2002–2011. In general, FDI does not bring 
horizontal spillover to domestic fi rms, which is in contrast to Nguyen 
(2008). However, in the vertical way, FDI is positive and significant, 
conditional on the region. This fi nding is in accordance with Anwar and 
Nguyen (2014).

Deviating from previous studies, we examine if the investment from 
diff erent continents might have a diff erent impact on domestic fi rms’ 
productivity. We fi rst group the origins of multinational fi rms accord-
ing to geographical regions into East-Asia, Europe and North America. 
Second, given the fact that the sourcing pattern of multinational fi rms 
is likely to be aff ected by preferential trade arrangements or investment 
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agreements, we examine alternative groupings which incorporate pref-
erential trade arrangement and investment arrangements. To be specifi c, 
we subdivide Asian countries according to the ASEAN membership, 
BITs and sourcing tradition.

The empirical results provide solid evidence of Asian fi rms’ positive 
spillover in Vietnam, and it shows that this spillover is mainly generated 
through the channel of local sourcing. In general, a positive relationship 
is observed between the presence of Asian fi rms in downstream sectors 
and the productivity increase of Vietnamese fi rms in the supplying sec-
tors. Also, no robust result is found when European or North American 
fi rms are supplied by Vietnamese fi rms. Furthermore, we fi nd that FDI 
from Japanese and Korean fi rms do not induce positive spillover to do-
mestic suppliers despite their large investment in Vietnam. In contrast, 
fi rms in the rest of East-Asia are the most likely to induce spillover to 
the local suppliers because of their closer interaction. In the horizontal 
perspective, ASEAN, East-Asian and European fi rms all exhibit a nega-
tive productivity eff ect, implying that they tend to restrain the produc-
tivity growth of Vietnamese fi rms in the same industry. Apart from the 
above, we conduct a robustness check by investigating the factors of 
higher foreign share cutoff  value, the size of domestic fi rms, location 
and foreign fi rms’ heterogeneity. The Asian vertical variable is robust 
across all specifications while horizontal variables present consistent 
results as in the previous analysis.

Thus, our fi ndings support the view that, in addition to preferential 
investment agreement, interaction with local fi rms through sourcing is 
likely to be the most decisive channel to incur vertical spillover. Since 
Japanese or Korean investors’ reluctance to local procurement pre- 
vents Vietnam from grasping potential benefi t from high-tech FDIs, the 
government should provide multinational fi rms with a better investment 
environment; for example, by providing information on local supplies. 
At the same time, the Vietnamese government should foster Vietnamese 
fi rms to improve their technology level and to devote to product upgrad-
ing in order to catch up with foreign investors.
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Notes

1 In the fi gure, the FDI is calculated as the total accumulated capital of 
eff ective FDI projects in Vietnam.

2 In our research, sourcing pattern specifi cally refers to the pattern of 
suppliers’ procurement of the inputs in terms of domestic or foreign 
sources.

3 See Liu (2008) for detailed proof.
4 We use the first 2-digits indicated in VSICcode2007 and VSIC-

code1993 to identify industries. For simplicity we aggregate some 
sectors. See Appendix for details.

5 Census is taken for fi rms with more than 10 employees (over 20 em-
ployees in 2010 and 2011).

6 Producer Price Index in the sector level is a preferred defl ator but 
such data is not available for Vietnam.

7 The sampling methods varied for private fi rms across years.
8 We only count the one with the largest share. If Japan’s share of in-

vestment is the largest, we consider the fi rm to be a Japanese-invest-
ed fi rm.

9 Firms in the top and bottom one percentile of all fi rm-specifi c output 
and input variables (in the means of annual growth) were deleted 
from the sample. Also the top and bottom 1 % of output/capital and 
output/labor are excluded.

10 The intercept is usually corrected to make the estimated TFP to fall 
within the appropriate range. 

11 E(ui | εi) = μ*
i + σ* μ*

i / *)
μ*

i / *)
 ( i  / )

 ( i  / )= * [                                     ]i , σ and 

λ are σu and λv; ϕ and Φ are density and cumulative density functions 
respectively.

12 Olley and Pakes use “investment” to invert ωit.
13 In practice, we use horizontal index categorized by continent as well, 

but there is no statistically signifi cant diff erence between the aggre-
gated and disaggregated ones.

14 When we calculate αjkt, sector j’s output sold for fi nal consumption 
was excluded.

15 The table is made based on the content description of the sector.
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16 Though fi rms with multiple investors are rarely the case in Vietnam, 
we delete these observations for simplicity.

17 In fact, BITs might indirectly aff ect the sourcing pattern as well. For 
example, some Canadian BITs prescribe mandatory sourcing from 
local suppliers. See “Agreement Between the Government of Canada 
and The Government of The Republic of Trinidad and Tobago For 
the Reciprocal Promotion and Protection of Investments,” Article 2.

18 ASEAN fi rms’ average TFP is 0.64, whereas that for Vietnam fi rms 
is 0.58, when we calculated TFP using stochastic frontier method. 
The result is similar when we apply Levinsohn and Petrin method.

19 Quoted  from  BusinessKorea, June 20, 2014. http://www.busi-
nesskorea.co.kr/article/5112/largest-investor-south-korea-becomes-
biggest-investor-vietnam-beating-japan.

20 Tuoitrenews, July 24, 2013. http://tuoitrenews.vn/business/11689/
samsung-vietnam-uses-korean- suppliers-as-local-fi rms-below-stan-
dard.

21 We also calculated LP TFP in the rest of the analysis, and it does not 
change our qualitative predictions.

22 Although Horizontal_Europe is negative and significant when LP 
TFP is applied. This is  consistent with the results in later sections.

23 In the following context of the chapter, vertical spillover only refers 
to backward spillover brought to upstream suppliers.

24 We obtain similar results when we limit the samples to domestic 
fi rms.

25 When we use 10 % foreign equity share as the cut-off , there are only 
51 fi rms out of 42,142 foreign fi rms in total (over ten years), while 
nearly 80 % of the pool are wholy-foreign-invested fi rms (33,000).

26 There was a reform of the provinces of Vietnam in 2004, when some 
provinces were merged to others and the codes were changed ac-
cordingly. We will only focus on the fi rms using the new province 
code.

27 We do not report the results because of space constraint. The result 
is available upon request.

28 Please see their original paper for more details.
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Continent Variable Mean S.D. N

Asia

TFP_OLS 0.015 0.024 14,667
TFP_SF 0.600 0.095 34,347
TFP_LP 0.032 0.049 14,667
Net turnover 149697.300 1025113.000 34,347
Invest total 23201.910 124191.900 21,402
Labor 4.600 1.591 34,347
Output 8.998 1.985 34,347
Capital 8.062 2.244 34,347
Investment 6.788 2.271 16,254

Europe

TFP_OLS 0.014 0.018 1,412
TFP_SF 0.624 0.091 4,539
TFP_LP 0.039 0.054 1,412
Net turnover 198516.300 1102810.000 4,539
Invest total 33042.240 217019.700 2,923
Labor 4.223 1.611 4,539
Output 8.925 2.218 4,539
Capital 7.358 2.685 4,539
Investment 6.394 2.513 2,281

North America

TFP_OLS 0.011 0.013 486
TFP_SF 0.608 0.098 1,712
TFP_LP 0.038 0.055 486
Net turnover 100671.800 311122.700 1,712
Invest total 14796.780 66136.600 1,070
Labor 4.142 1.482 1,712
Output 8.618 2.067 1,712
Capital 7.218 2.466 1,712
Investment 6.231 2.319 810

Table 3-9  Statistical summary by continent

Note: Output, capital and investment amount are defl ated by GDP defl ator.

Appendix
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Spillover variable Europe &
North America

Asia &
Europe

Asia &
North America

Vertical Asia Diff erent Diff erent Diff erent
Vertical Europe Diff erent Diff erent Diff erent
Vertical North American Diff erent Diff erent Not Diff erent
Horizontal total Diff erent Diff erent Diff erent

Table 3-10  Two-sample t test on coeffi  cient of spillover variables 
by continent

Note: For all results with “diff erent” conclusion, p < 0.01.

Variable Mean S.D. Obs.
Vertical_Asia 0.169 0.092 1369286
Vertical_Europe 0.044 0.018 1369286
Vertical_NorthAmerica 0.007 0.004 1369286
Vertical_ASEAN 0.039 0.023 1369286
Vertical_EastAsia 0.073 0.043 1369286
Vertical_Japan 0.054 0.042 1369286
Vertical_NonJa_Asia 0.115 0.060 1369286
Herfi ndal 1.591 0.231 1369267
Horizontal_total 0.144 0.178 1369267
Horizontal_Asia 0.103 0.143 1369267
Horizontal_Europe 0.029 0.065 1369267
Horizontal_NorthAmerica 0.005 0.009 1369267
Horizontal_ASEAN 0.029 0.044 1369267
Horizontal_EastAsia 0.049 0.093 1369267
Horizontal_Japan 0.024 0.057 1369267
Horizontal_NonJapan_Asia 0.079 0.114 1369267

Table 3-11  Statistical summary on spillover variables

Source: Annual Enterprise Survey, GSO Vietnam (2002–2011).
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C H A P T E R  F O U R

Productivity, capital intensity and 
ISO14001 adoption
Theory and Evidence from Vietnam

1.  Introduction

Due to a rising awareness of environmental protection, there has been 
increasing literature to study the determinants of  ISO14001, a  voluntary 
environmental management program. Research on external factors in-
dicates that pressure from environmentally conscious customers plays 
an important role in firms’ adoption of ISO14001 (Nishitani, 2010). 
Whereas internal determinants such as fi rm size, the status of having a 
quality management system, and market scope of the industry that the 
fi rm belongs to are shown to be important factors (Arimura et al., 2008; 
2011; Nakamura et al., 2001; Welch et al., 2002).

Nevertheless, all these studies try to locate the  determinants of 
ISO14001 adoption from a relatively objective perspective. From the 
point view of the fi rms themselves, what are the systematic incentives 
for them to incur substantial cost on adopting this standard when it is 
voluntary rather than compulsory? What is the starting point at which 
firms begin to think about the adoption? It is natural to assume that 
when fi rms are struggling technologically, they usually cannot aff ord 
to spend extra money on self-regulated environmental activities. In 
other words, firms with technology advancement will be more likely 
to engage in  environmental protection activities. In fact, recent studies 
by Levinson (2009), Shapiro and Walker (2015) have shown a negative 
relationship between fi rms’ productivity (technology) and pollution in-
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tensity in the U.S.A.
Following this logic, we pay special attention to the relationship be-

tween fi rms’ initial technology level and their participation rate in the 
voluntary environmental program. Drawn from the firm-level survey 
data in Vietnam, Figure 4-1 indicates the diff erence in total factor pro-
ductivity (TFP) for different groups of companies prior to ISO14001 
adoption. As we can see, the average TFP for ISO14001 adopted fi rms is 
higher than that for non-ISO14001 adopted ones. Consistent with previ-
ous studies, it occurs to us that the heterogeneity in TFP tends to be an 
important decisive factor for fi rms to adopt the standard.

On the other hand, factor endowment hypothesis, brought forward 
by Copeland and Taylor (2004), presents another interesting theory that 
describes the relationship between factor intensity and pollution behav-
ior in the context of international trade.1 However, research on the direct 
relationship between a fi rm’s factor intensity (we focus on capital inten-
sity in this research) and its decision to engage in environmental protec-
tion, is very scarce. Some of the existing studies mention the positive 
correlation between  capital intensity and  pollution (Mani and Wheeler, 
1997), however none has taken a step further to investigate how capital 
intensity matters for fi rms’ commitment to environmental protection. 
Our interest thus lies in the question that, under the same pollution level, 
will capital-intensive fi rms have higher or lower incentive to participate 
in environmental protection programs voluntarily?

As seen from Figure 4-2, we use the real data to present the rela-
tionship between ISO14001 adoption and fi rms’ capital intensity level. 
The upper fi gure shows the trend during the period 2007–2009, when 
information was available. Y axis indicates the adoption rate, defi ned as 
the ratio of the number of ISO14001-adopted fi rms to the total number 
of fi rms in Vietnam. Whereas X axis is scaled by the quartile level of a 
fi rm’s capital intensity, which is defi ned as  capital/labor ratio. A clearly 
positive relationship can be seen between the two variables of interest. 
Meanwhile, in the lower fi gure, despite some variation among diff erent 
years, we can still observe that ISO14001 adoption rate is increasing in 
the level of capital intensity within the same year. It seems to signal that 
ISO14001 adopters are endowed with higher capital intensity. Starting 
from the above phenomenon, we would like to apply a more rigorous 
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Figure 4-1  The diff erence in fi rms’TFP in Vietnam
Source: Annual Enterprise Survey, GSO Vietnam (2007–2009).

Note: TFP is calculated using Stochastic Frontier Method.

(a) Pre-TFP for ISO14001-adopted fi rms

(b) Pre-TFP for non-ISO14001-adopted fi rms
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Figure 4-2  Correlation between ISO14001 adoption rate and capi-
tal intensity
Source: Annual Enterprise Survey, GSO Vietnam (2007–2009).
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method to verify this correlation.
To answer these questions and make clear the interrelationship 

among  firms’ productivity, capital intensity and their adoption of 
ISO14001, we employ an analytical general equilibrium model. Driven 
by the stylized fact as in Figure 4-1, we put an additional assumption on 
fi rms’ heterogeneity, which is modeled by their diff erent productivities. 
Each fi rm draws a unique productivity level, which leads them to diff er 
in their equilibrium price markup and expected total profi ts. Meanwhile, 
the equilibrium productivity level will aff ect the capital intensity of a 
fi rm,2 and ultimately aff ects the fi rm’s decision of adopting ISO14001. 
We then apply the model to the data. Relying upon the detailed fi rm-
level data taken from the annual enterprise survey in General Statistics 
Offi  ce in Vietnam, we fi nd that productive fi rms and capital-intensive 
firms have higher incentives to adopt ISO14001, which is consistent 
with the predictions from our theoretical model. Other control variables, 
such as fi rm size and foreign capital share, also play signifi cant roles in 
shaping the decision on ISO14001 adoption. In the subgroup estimation, 
we fi nd that the infl uence of productivity and capital intensity becomes 
stronger for manufacturing fi rms to adopt ISO14001 than for non-manu-
facturing ones. Whereas the impact of foreign capital share turns out to 
be insignifi cant for non-manufacturing fi rms to make the decision.

Our research contributes to existing literature in several ways. First, 
the theoretical model weaves together the factors from industrial organi-
zations and environmental economics, using the framework of interna-
tional trade literature. To the best of our knowledge, it is a pioneer of its 
kind. Second, we concentrated on analyzing the role of the productivity 
and capital intensity in shaping a fi rm’s decision-making of ISO14001 
adoption. This is one of the few studies that attempts to clarify the 
mechanism behind firms’ participation in a voluntary environmental 
program. Third, there has been no research to study the determinants 
of ISO14001 in the context of Vietnam. We aim to fi ll in this blank by 
making use of the fi rm-level information in Vietnam.

The chapter is organized as follows: in the next section we talk brief-
ly about the ISO14001 and why it is important to be concerned about 
environmental protection in the context of Vietnam. Literature review 
comes after. In section 2.4 we apply a theoretical model to show how 
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fi rms’ decisions are made. In section 2.5 we describe the data and esti-
mation strategy, followed by a robustness check and fi ndings. The fi nal 
section concludes.

2.  Background

2.1  About ISO14001

The  International Organization for Standardization (ISO) was founded 
in 1946, which currently has 162 member countries,3 each representing 
a country. It is the most prominent developer of standards in the world. 
In the 1980s, ISO introduced ISO9000 standards for quality manufac-
turing practices. Building upon this system, ISO set up ISO14001 envi-
ronmental standards in 1996.4 According to the defi nition by ISO, this 
standard enables fi rms to adopt the policy following legal requirements 
and provides them with updated environmental information. In other 
words, it forces the organizations to raise  self-awareness of maintaining 
an effective environmental system and thus contributing to a healthy 
environment. The benefi ts of ISO14001 include, but are not limited to: 
reduced cost of  waste management and distribution; savings in con-
sumption of energy and materials; improved corporate image among 
regulators, customers and the public (ISO Homepage). Despite all the 
merits, ISO14001 does not come for free. Due to complicated applica-
tion procedures, the standard practice is to entrust an ISO-accredited 
third party with all the evaluations and paperwork. According to Jiang 
and Bansal (2003), the initial consulting fee usually ranges from 24,000 
to 128,000 USD. Additional costs will include training expenses, ap-
plication fee, auditing fee, etc. Although the total cost varies from coun-
try to country, it can become quite a burden, especially for small and 
medium sized fi rms. Thus, fi rms need to weigh the benefi ts against the 
expenditure discreetly before making the decision to adopt.

2.2  Why is the issue important in Vietnam?

The pollution level in Vietnam is highly proportionate to its economic 
growth that depends on fast industrialization. From Figure 4-3, we can 
see that the total pollution in Vietnam has risen by nearly 150 percent 
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over fi ve years (2004–2008). Taking a further look, we fi nd that most of 
the increase comes from air and solid waste, and most of the discharge 
comes from industrial activities. Take air pollution, for example, nearly 
half of nitrogen dioxide (NO2) emission is due to industrial develop-
ment. When it comes to sulfur dioxide (SO2), the manufacturing indus-
try turns out to be the major source (Vietnam: Air Quality Profi le 2010). 
These two kinds of pollutants are detrimental to both human health and 
the environment.

Pollution in Vietnam is on the verge of eruption and urgent solutions 
are sought to prevent the situation from becoming worse. By investigat-
ing and determining the most important factors that aff ect fi rms’ en-
gagement in ISO14001, an international standard proved to be eff ective 
in curbing the pollution behavior of fi rms (Arimura et al., 2008; 2011; 
2014), we can expect to gain some inspiration that would help raise the 
corporate awareness of environmental protection in Vietnam.

3.  Literature review

There have been quite a few of studies to investigate the determinants 
of  ISO14001 adoption, mainly from two perspectives: external and in-
ternal. External factors are usually derived from the demand side, such 
as pressure from stakeholders, customers and government, or societies’ 
environmental preference. Signaling theory, by Potoski and Prakash 
(2005), states that fi rms are joining voluntary environmental manage-
ment programs to show their capability of dealing with environmental 
pollution. Representative empirical studies all indicate a positive re-
lationship between foreign stakeholders and fi rms’ earlier adoption of 
ISO14001. Chiristmann and Taylor (2001) with Chinese fi rm data, Wu et 
al. (2007) with Taiwanese manufacturing fi rm data, Arimura et al. (2008) 
and Nishitani (2009) with Japanese fi rm data all verify this fi nding. On 
the other hand, in terms of environmental preference, Nishitani (2010) 
used a sample of 155 countries over eight years to show that customers 
in environmentally conscious markets are more likely to infl uence sup-
pliers to adopt ISO14001.

Internal factors refer to fi rms’ internal competence, which can also 
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promote firms’ engagement in environmental protection. Arimura et 
al. (2008; 2011), Nakamura et al. (2001), Welch et al. (2002) reached a 
unanimous conclusion that the size of the firm, whether or not firms 
have quality management systems, and knowledge of the wider mar-
ket scope of the industry where the fi rms are located, are all important 
determinants that are associated with the fi rms’ capability. In addition, 
foreign ownership is found to have a positive connection with energy ef-
fi ciency (Eskeland and Harrison, 2003; He, 2006; Wang and Jin, 2007). 
This is interpreted by the advanced waste-processing technology ad-
opted by foreign fi rms and their higher awareness to achieve  corporate 
social responsibilities (Lyon and Maxwell, 2008). Recent studies, such 
as Tambunlertchai et al. (2013) and Arimura et al. (2014), used Thai and 
Malaysian fi rm data respectively to show that foreign direct investment 
(foreign-owned firm or not) is positively related with firms’ adoption 
of ISO14001. A similar result is achieved (Potoski and Prakash, 2006) 
at the macro-level verifi cation. On the other hand, capital- intensive in-
dustries are relatively pollution-intensive, thus fi rms in such industries 
are faced with more scrutiny from their customers and the local govern-
ment (Mani and Wheeler, 1997; Gallagher, 1999). Acquiring ISO14001 
might help signal pollution-intensive firms’ environmental capability 
and maintain their company image.

However, few studies have attempted to elaborate on the real source 
of incentive for fi rms to rush to this standard in spite of its high cost. 
Levinson (2009) used data in the U.S.A. to show that most fi rms’ im-
provement in environmental protection activities comes with technolog-
ical progress. While Copeland and Taylor (2003) verifi ed that fi rms with 
more advanced technology tend to engage in more environment-friendly 
activities. Evidence seems to point in the direction that the diff erence of 
technology (or fi rm’s productivity) is the key to the variation in fi rms’ 
behaviors. Taking advantage of the voluntary nature of ISO14001 adop-
tion, we want to make clear what is behind the scene.

The fi rst of its kind, this research is positioned to study the real de-
terminants of fi rms’ strategic decision to participate in this voluntary 
environmental program. We will start with an analytical  general equi-
librium model which can lead to our estimable predictions.
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4.  Theoretical model

4.1  General setting

In this section we outline a simple model of fi rms that produce diff eren-
tiated goods and are faced with the choice of adopting ISO14001 while 
realizing the costly nature of this environmental standard. The basic 
settings are analogous to the standard models in literature of interna-
tional trade, such as  Melitz (2003), Bernard et al. (2007), Bernard et al. 
(2010; 2011) (BRS hereafter), but diff er in that fi rms have new alterna-
tives: apply or not apply for ISO14001. In contrast to the single-factor 
endowment setting in these studies, we assume there are two kinds of 
input used for production to rationalize our empirical prediction. Since 
our purpose is to introduce a simple and practical model that can lead 
to data analysis, we try to simplify several assumptions. For example, 
we ignore the product heterogeneity and fi rms’ trade status, since such 
information is not available in the actual dataset. Our model can be ex-
tended to the open economy case if trade information is to be included.

4.2  Endowments and preference

Consumers with identical preferences try to maximize their utility by 
consumption over a continuum of diff erentiated products i  [0,1]:

U = [      (Ci) di]  , 0 <  < 1
1

0

1
   (4.1)

 

where σ = 1 / (1 − ρ) is the  constant elasticity of substitution (CES) 
across products.

In accordance with the domestic-export decision-making literature 
that emphasizes fi rms’ heterogeneity in ability, we assume that fi rms 
diff er in their productivity. In a monopolistic competitive market with 
free entry and exit, a fi rm draws its productivity φ randomly from a  pa-
reto distribution g(φ) upon paying the  fi xed cost (sunk) fe to start produc-
tion regardless of its ownership (foreign or domestic). For simplicity, we 
think of φ as fi rm-specifi c and constant across industries. Meanwhile, 
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a fi rm has the right to acquire the environmental standard ISO14001 by 
paying a larger cost which is proportionate to its total production cost, i.e. 
it is the linear combination of the fi xed consulting cost fx which includes 
the consulting fee and application fee, and the unit cost of the input. We 
can also regard the extra expense as the preparation fee used on addi-
tional personnel and capital to apply for the standard. To cover the extra 
expenditure, ready-to-adopt fi rms have the incentive to raise the price 
of the product. And, since ISO14001-adopting fi rms spend more eff orts 
on improving the “corporate image” of the products, they are justifi ed 
to set the new price as p*

x (where p*
x = τ • px, px is the price of the same 

product before the fi rm with same productivity applies for ISO14001).5 
We model the extra cost in such a manner that it can be comparable to 
the iceberg transportation cost used in international trade. Thus, if the 
productivity draw φx is large enough, so that the fi rm has enough capac-
ity to cover the extra cost used for ISO14001 acquirement and still make 
profi t, the fi rm will have more incentive to adopt ISO14001 actively.

To take into account capital intensity, we need to deviate from exist-
ing literature that focuses on labor input only. Firms use two kinds of 
factors for manufacturing: labor and capital input. Following BRS, we 
assume that their supply is inelastic. The unit price for each factor input 
are w and r, whereas w stands for wage rate and r represents rental rate. 
Based on the modeling method used in Ma et al. (2014), we assume the 
total cost of the fi rm is:

qe

e
TCe = fe +[              ] w1–sr s    (4.2)

For simplicity, we omit the superscript for the firm. We choose w 
as the numeraire (w = 1). s indicates the  capital intensity and we will 
consider two cases. In the fi rst case, we do not impose any assumption 
on s and regard it as exogeneous. The second case is that we assume s 
is increasing in a fi rm’s productivity. Since φx > φe, s(φx) > s(φe) and the 
inequality still holds in equilibrium. We will discuss the scenario in the 
fi rst case and come back to the second one. The profi ts for a fi rm to pro-
duce with or without ISO14001 respectively are:
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qe

e
e = peqe rs ( fe +        )     (4.3)

qx

x
x = pxqx r s ( fx +        )     (4.4)

Firm profi t maximization helps us derive the optimal price setting in 
the status before and after acquiring ISO14001: pe =  r s

e  and px = r s

x . 
Thus, the cutoff productivity π*

e (before acquiring ISO14001), above 
which the fi rm keeps producing, is determined by the zero-profi t condi-
tion:

 
r s

*
e

*
e = (       ) P –1 R

– rsfe = 0    (4.5)
 

where R is the total expenditure used for production and P is the ag-
gregated price index of pe. In the same way, we can derive the cutoff  
productivity π*

x above which the fi rm chooses to adopt ISO14001 and 
continues producing:

*
x = 

r s

*
x

– 1(            ) R
rs

*
x

(       ) P –1 – rsfx = 0   (4.6)

4.3  Equilibrium conditions

In equilibrium, we can derive the cutoff  value φ*
e and φ*

x, and the rela-
tionship between the two can be expressed as:

*
x = *

e ,  • (                                  )
fx

(           )fe             – 1 (     )
1
 –1    (4.7)

 

Apart from the zero-profi t condition, the  free entry condition should 
also be cleared. In other words,

 
fe = [1 – G( *

e)],             = 0e + x      (4.8)
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where G(φ) is the cumulative distribution function of g(φ), and δ is the 
surviving rate. For the convenience of calculation, we assume that it 
takes a specifi c form such that G(φ) = 1 − ( 0 )k, and k > 1. This is a 
standard function form of Pareto Distribution. π̄e and π̄x each stands for 
the expected average profi t of a fi rm, conditional on the status before 
and after adopting ISO14001. Because of the law of large number, π̄e and 
π̄x can be represented as the function of φ*

e and φ*
x respectively.6 Thus, we 

can solve two unknowns with two equations (4.7) and (4.8), and the dif-
ference is:

π̄x − π̄e = rs [F(φ*
x) − F(φ*

e)]    (4.9)

where F(•) is the expected average profi t excluding the factor of rs in 
equilibrium. From the assumed function form of equations (4.7) and (4.8), 
we can derive F(•) as an monotonically increasing function in φ*

i, i {e, 
x}, because σ − 1 > 0. For a fi rm to apply for ISO14001, given the higher 
fi xed cost, it is reasonable to expect that π̄x > π̄e, thus F(φ*

x) > F(φ*
e). To-

gether with the increasing nature of F(•), we can conclude that φ*
x > φ*

e. In 
other words, it is the diff erence in the expected equilibrium productivity 
under a diff erent status (non-adopted and adopted) that leads to fi rms’ 
incentive to acquire the standard.7

On the other hand, when the impact of productivity gap is excluded 
and ceteris paribus, the difference between π̄x and π̄e solely depends 
on rs. Since we have defi ned w as 1 and capital input is basically more 
costly than labor input, we can assume that r > 1. As s increases, the ex-
pected profi t gain after the adoption of ISO14001 will be enlarged, this 
gives the fi rm more incentive to apply for this standard. Based on the 
above arguments, we give the following proposition, which will be veri-
fi ed in the empirical estimation section.

Proposition 1: In a closed economy, holding other characteristics 
unchanged, higher productivity will increase a fi rm’s willingness to ad-
opted ISO14001.8 In the meantime, the more a fi rm is capital intensive, 
the more likely it is to adopt ISO14001.
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4.4  Other control variables

Although not the key focus of this research, we would like to discuss 
briefl y how to model other factors that might aff ect a decision to adopt 
ISO14001. We have mentioned in an earlier section that foreign-owned 
fi rms care more about their corporation social responsibility because the 
eff ort towards environmental protection will in fact aff ect the company 
image. Empirical evidence can be found in Prakash and Potoski (2011).9 
In the meantime, foreign-owned firms are faced with more scrutiny 
from foreign shareholders who have a higher preference of “green” 
products (Bui and Kapon, 2012). Therefore, the more foreign capital a 
fi rm has, the more cost it is willing to spend on environment-friendly 
activities, including ISO14001 adoption. Apart from that, the size of the 
fi rm and the waste management department might also matter.

In the previous section, we have assumed that τ is exogenous. Sup-
pose τ in fact consists of the potential determinants outlines above, and 
an unobserved term. From equation (4.7) and derivation in Appendix 
A-3, we know that:

*
x = *

e
rs( *

e)
rs( *

x)
•  • (                                  )

fx

(           )f – 1 (     )
1
 –1

 
Using some algebra and 

*
e

x
 can be approximately expressed as:

 

*
e

x
 = rs(φ*

x)−s(φ*
e) • κ • τ (FDI share, fi rm size, waste management, unob-

served)

where κ = F(ρ, σ, fe, fx) and is constant. Since the probability of adopting 
ISO14001 is (

*
e

x
)k = (rs(φ*

x)−s(φ*
e) • κ • τ)

k, we take logarithms on both 
sides and come up with the expression which leads to our emipirical es-
timation:

ln 
*
e

x
 = lnκ + β1 • lnrs(φ*

x) − s(φ*
e) + β2 • ln(FDI) 

+ β3 • ln(fi rm size) + β4 • ln(waste management) + ε  (4.10)
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where the last term is the unobserved fi rm characteristics that might af-
fect a fi rm’s decision of ISO14001 adoption. In the next section, we will 
use matched data from Vietnam to estimate equation (4.10). β1 and β2 
are of our research interest. β1 is expected to have a positive sign, and 
the signs of β2 – β4 are to be determined via empirical tool.

5.  Estimation strategy and data

5.1  Data

This research uses a panel dataset, constructed from the  Vietnam Enter-
prise Survey at fi rm-level. The data was collected by the General Sta-
tistics Offi  ce of Vietnam for all sectors and industries on March 1st an-
nually. It covers all 22 manufacturing sectors out of the total 42. Since 
most ISO14001 adopters are concentrated in manufacturing industries 
(81 %), we will limit our analysis to manufacturing fi rms only. Com-
pany characteristics such as ownership, labor, capital stock, turnover, 
assets, FDI share, average wage rate, intermediate materials are also 
available. Apart from the above, GSO has taken a census of all multina-
tional enterprises (MNEs), which are defi ned as fi rms that have foreign 
capital, regardless of the share. The advantage is that investment behav-
ior of these foreign capitalized fi rms can be captured over time. Census 
is also taken for fi rms with more than 10 employees. Each fi rm has an 
exclusive enterprise code. We use it together with a province code to 
identify the fi rms.

Another uniqueness of this dataset is that it collects information on 
fi rms’ engagement in environmental protection, including the cost spent 
on environmental protection, whether the fi rm carries out an environ-
mental management system, whether it follows the clean manufacturing 
process, etc., and above all, whether the fi rm has ISO14001 certifi cation 
is recorded. Since it is a relatively objective criterion that is free of mea-
surement error, we use it to create our ISO adoption dummy. Unfortu-
nately, the ISO information is only accessible from 2007 to 2009, so we 
have to limit our analysis to this time period.

There are also some limitations concerning the data; for instance, 
the incomplete information about export and import, missing data for 
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materials and other variables, inconformity of units among different 
years, etc. As a result, we have to deal with unbalanced panel data here. 
We remove the missing observations, and delete outliers. After these 
arrangements, the total number of observations for estimation is 28274 
over three years.

In practice, we will replace capital intensity and foreign capital share 
with their one period lag respectively to alleviate  reverse causality con-
cern. We will change the specifi cations to see how robust it is.

5.2  Baseline estimation and results

The dependent variable is a binary choice. Thus, in the baseline esti-
mation we apply the random-eff ect panel Logit or Probit, and model a 
fi rm’s decision making of ISO14001 adoption as the conditional mean of 
the fi rms’ observed idiosyncratic characteristics. In practice, to alleviate 
the reverse causality concern, we replace the variables of interest with 
their one period lags.

In the fi rst two columns of Table 4-2, we would like to verify the sole 
infl uence of a fi rm’s productivity on its decision making, as predicted in 
the fi rst part of Proposition 1. Since we do not have enough information 
on the intermediate goods, Levinsohn and Petrin style TFP cannot be 
fully applied. As an alternative, we adopt the stochastic frontier method. 
See the details in Lovell and Kumbhakar (2000). We only include year 
dummy, industry dummy and waste department dummy as control vari-
ables. In either specifi cation, TFP is positive and strongly signifi cant. 
Though the coeffi  cient varies between models, the robustness provides 
suffi  cient evidence that it is one of the most important determinants for 
a fi rm to adopt ISO14001.

We show the results of estimating equation (4.10) in columns (3) and 
(4). While productivity maintains its signifi cancy, foreign capital share, 
total employment, waste department dummy and capital labor ratio, are 
all statistically signifi cant at the 1 % level. The estimated coeffi  cient of 
foreign capital share is positive, which means that fi rms with foreign 
capital actively adopt ISO14001. The positive sign of total employment 
indicates that the larger a fi rm is, the more likely it is to adopt ISO14001. 
One explanation might be that larger fi rms have more capacity to par-
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ticipate in such voluntary programs. In accordance with our theoretical 
prediction, capital labor ratio is positive, implying that capital-intensive 
fi rms have more incentive to adopt ISO14001.

5.3  Robustness check and further issues

5.3.1  Robustness check

Another factor that needs to be taken into account is the cost of ISO14001 
adoption with respect to the overall revenue of the fi rm. However, due 
to data availability, we do not have the direct measurement of this term. 
Instead, we can control the profi tability of a fi rm, since it is in proportion 
to the fi rm’s capability to engage in an extra voluntary program other 
than its main business activities. We add “profi t before tax from busi-
ness” to equation (4.10) for confi rmation, and this does not change the 
fi nal results, as shown in columns (5) and (6) of Table 4-2.

We make additional efforts to test the robustness of other control 
variables as well. Apart from applying waste department dummy as the 
determinant of ISO14001 adoption, we use total cost environmental and 
environmental system as proxies alternatively. Furthermore, to disen-
tangle the potential impact that the existing pollution level might have 
on fi rms’ willingness to apply, we include the amount of liquid and solid 
 waste discharge as additional control variables. Such practice does not 
change the qualitative results concerning the roles that capital intensity 
and foreign capital share of a fi rm play.

Furthermore, though reverse causality is considered in the baseline 
estimation, another source of  endogeneity might arise: the sample selec-
tion. It is natural to assume that fi rms with higher productivity (or capi-
tal intensity) might select to adopt ISO14001 to gain further profi ts, and 
the selection bias will aff ect an estimation of the coeffi  cients of the vari-
ables. To alleviate the bias, we adopt the “ivprobit” model. The instru-
ment needs to be correlated with the variables of interest, i.e. productiv-
ity and capital intensity, but does not aff ect the decision of ISO14001 
adoption. In practice, we use two  instrumental variables (IVs). The one 
for the productivity is “the number of workers whose education levels 
are equal to or above college.” Since education is usually related to tech-
nology advancement, this measurement is quite likely to aff ect a fi rm’s 
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productivity in general, but less possible to determine the ISO14001 
acquirement. Meanwhile, to follow common practice, we choose invest-
ment as the proxy for capital stock. Thus, we use “current assets and 
total investment” divided by the total number of workers, to instrument 
capital intensity. After we use the IV model, the main fi ndings remain 
unchanged. Due to space constraint, we do not present all the estimation 
results but they are available upon request.

5.3.2  Diff erence across industries

Given the fact that most fi rms adopting ISO14001 are in the manufac-
turing industry, we have reason to believe that the incentive for the 
firms from other industries to adopt ISO14001 can be different. We 
are thus motivated to confi rm how the impact of the determinants of 
ISO14001 adoption diff ers across industries. Accordingly, we further di-
vide samples by industry and conduct the estimation as in equation (4.10). 
The upper panel of Table 4-3 shows the results when we use the samples 
in the food industry only and the lower panel is for the manufacturing 
industry.

Productivity is positive and signifi cant for both industries. However, 
the magnitude of its infl uence in the manufacturing industry is larger 
than that in the food industry, showing that technology is crucial for 
manufacturing fi rms to care more about their engagement in environ-
mental activities. Meanwhile, when we limit the samples to the food in-
dustry, foreign capital share lost its signifi cance. This indicates that for-
eign fi rms in those industries other than manufacturing might not value 
corporate social responsibility as much as those in the manufacturing 
industry. It is also likely that foreign-owned fi rms from manufacturing-
excluded industries in Vietnam do not respond actively to the sharehold-
ers’ expectation of “green products”. On the other hand, capital labor 
ratio is still signifi cant, but its marginal eff ect is reduced to half of the 
manufacturing industry. The interpretation is that, since in manufactur-
ing sectors fi rms produce products that heavily rely on usage of labor, 
machines and tools, the costs and benefi ts of applying more eco-friendly 
inputs will be weighed in a more serious way by each firm. Conse-
quently, capital intensity plays a relatively more important role in fi rms’ 
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Model (1) Logit (2) Probit (3) Logit (4) Probit

Dependent variable ISO14001
Dummy

ISO14001
Dummy

ISO14001
Dummy

ISO14001
Dummy

Food industry

Lag (TFP) 5.652***
(1.124)

3.041***
(0.617)

4.785***
(1.125)

2.557***
(0.612)

Lag (FDI share) 0.00200
(0.00381)

0.00114
(0.00208)

Total No. of workers 0.000319***
(0.000117)

0.000180***
(6.47e-05)

Lag (capital labor ratio)  0.000199**
(9.95e-05)

0.000109**
(5.28e-05)

Waste dept. dummy 2.267***
(0.299)

1.212***
(0.159)

2.102***
(0.300)

1.118***
(0.159)

Observations 3,166 3,166 3,166 3,166
Number of id 2,333 2,333 2,333 2,333
Manufacturing industry

Lag (TFP) 8.918***
(1.336)

4.943***
(0.727)

7.382***
(1.295)

4.089***
(0.722)

Lag (FDI share) 0.00915***
(0.00252)

0.00508***
(0.00140)

Total no. of workers 0.000529***
(9.10e-05)

0.000297***
(4.97e-05)

Lag (capital labor ratio) 0.000381**
(0.000157)

0.000215**
(8.57e-05)

Waste dept. dummy 3.147***
(0.381)

1.745***
(0.163)

2.886***
(0.364)

1.594***
(0.166)

Observations 5,028 5,028 5,028 5,028
Number of id 3,582 3,582 3,582 3,582

Table 4-3  Industry comparison

Notes: Random-eff ects Logit and Probit models are applied. Standard errors in parentheses. 
Year dummies are included. *** p < 0.01, ** p < 0.05, * p < 0.1. The results remain the same 
even if we take logs for profi t before tax, total number of workers and capital labor ratio.
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decision of ISO14001 adoption. The post-estimation likelihood-ratio test 
ensures the appropriateness of the model (rejection of the null).

6.  Conclusion

We use the fi rm-level survey data from 2007–2009 in Vietnam to in-
vestigate the determinants of the adoption of ISO14001, a voluntary 
environmental standard. We try to uncover the mechanism of how fi rms 
form the decision of adoption. Theoretically, by employing a general 
equilibrium model, we show that more productive and capital intensive 
fi rms will systematically have higher incentive to adopt because of the 
larger expected benefi ts, despite a higher fi xed and variable cost. In the 
empirical verifi cation, a random-eff ects Probit (Logit) model is applied 
to confi rm our prediction. Some robustness checks are conducted and 
the qualitative results remain unchanged.

Furthermore, we try to verify the differential inf luence that the 
above determinants might have on ISO14001 adoption of fi rms in dif-
ferent industries. Both productivity and capital intensity have a higher 
decisive impact on the ISO14001 adoption of fi rms from non-food man-
ufacturing industry compared to those from other industries. In addi-
tion, the result shows that foreign capital share has a signifi cant impact 
as well, particularly on fi rms within the manufacturing industry, which 
to some extent off ers evidence to refute the critics of “ pollution haven 
hypothesis.”

The above findings can lead to some policy implications that are 
especially critical to Vietnam because the country is faced with seri-
ous pollution problems. Due to the notion that ISO14001-adopting fi rms 
generally have higher awareness of environmental protection, it is ur-
gent that the Vietnamese government explores more effi  cient ways to 
promote all fi rms’ engagement in voluntary environmental programs, 
including, but not limited to, ISO14001. Technology progress, which re-
duces fi rms’  abatement cost, could pose as a solution. However, it needs 
to be supplemented by policies such as subsidies and tax exemption pro-
vided to domestic fi rms that show capability to engage in environmental 
protection.
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Last but not least, our research can be improved in many ways. For 
example, it would be more practical to take into account the infl uence 
of international trade, since a fi rm’s eff orts towards adoption of an envi-
ronmental standard is also associated with its export destination and de-
gree of trading. Also, further extension can take into account industrial 
and regional heterogeneity.

Notes

1 The hypothesis argues that when trade liberalizes, countries that are 
abundant in factors used in clean industries (such as pollution-free 
intermediate inputs) will grow cleaner.

2 Or the capital intensity can be modeled as exogenous, depending on 
the functional assumption.

3 http://www.iso.org/iso/about/iso_member.htm Accessed on 2015/10/19.
4 In recent years, ISO22000 food safety standards, ISO26000 social 

responsibility standards, ISO36000 risk management standards, and 
ISO50001 energy management systems are also introduced.

5 At this moment, we assume τ is exogenous. However, it can also be 
modeled as an endogeneous factor which depends on fi rms’ charac-
teristics. Since we are focusing on the endogeneity of productivity 
and capital intensity, such possibility is not discussed in this re-
search.

6 See Appendix A-1 for detailed derivation.
7 See Appendix A-2 for details.
8 As for the case when s is endogeneously determined by each value 

of φ, it does not change our qualitative prediction. See Appendix A-1 
for detailed discussion.

9 Though their practice is from the macro perspective by exploring 
FDI stock’s impact on the number of ISO14001 adoption in develop-
ing countries.

10 When τ approaches 1 from above, ( )τ − σ will be enlarged to 
get close to  1 . In the special case when τ = 1, which indicates that 
fx = fe, equations (4.5) and (4.6) will converge.
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Appendix

A-1  Derive a fi rm’s average profi t as a function of its equilibrium 
productivity level φ*

The productivity distributions for non-ISO14001-adopted and adopted 
fi rms are: μe(φ) = 

g( )
1 – G( *

e)  if φ ≥ φ*
e and μx(φ) = 

g( )
1 – G( *

x)
 if φ ≥ φ*

x. 
And, the average profi ts of a fi rm before and after adopting ISO14001 
can be expressed as follows:

e =
e( ) g( )

1 – G( *
e)*e

d      (4.11)

x =
x( ) g( )

1 – G( *
x)*x

d    (4.12)

where we can rewrite equation (4.11) as:

[( ) –1R – rs f ] g( )

1 – G( *)
*

d     (4.13)
 

Let ϕ be the fi rm’s revenue, i.e. p * q. Following BRS (2010), we have

(
(

–1

e( *
x

e( *
e

*
x
*
e

–1

     (4.14)

Substituting equation (4.14) into (4.13), we get:

[(      ) –1rs fe – rs fe] g( )

1 – G( *
e)

*e

de =
*
e (4.15)

The zero-profit condition indicates that rsfe is equal to ϕ(φ*
e), thus 

π̄e can also be represented by φ*
e’s function. In the same way, π̄x can be 

written as a function of φ*
x as well.
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A-2  Numerical example to show a fi rm’s incentive to adopt 
ISO14001

We focus on the general profi t conditions: equations (4.5) and (4.6). Af-
ter rearranging, the fi rst terms on the right hand side of both equations 
become the following:

1
• ( *

e) –1(rs)1– RP –1     (4.16)
 

(      – 1) – • ( *
e) –1(rs)1– RP –1     (4.17)

For simplicity, we leave out the common factor and only have to 
compare 1 • ( *

e) –1  with (      – 1) – . Following Balistreri et al. (2011), 
we let σ = 3.8, then ρ = .74. We further assume that τ < 1.1, since, in re-
ality, it is hard to imagine that fi rms are willing to pay an extra 10 % (or 
larger) of its total operation cost to acquire the voluntary environmental 
standard. Though a larger τ over 1.1 will not change our prediction.

Substituting the values into the above expressions, we get 
1 • ( *

e) –1 
≈ .356 and (      – 1) –  ≈ .338. Because the profi t function is increasing 
in φ*, to satisfy equations (4.5) and (4.6), a larger φ*

x will be necessary so 
that the value of the term in equation (4.16) surpasses that of the term 
in equation (4.15).10 This lends support to the notion that, without the 
growth of productivity, a fi rm will have little chance to start considering 
the adoption of ISO14001.

A-3  Discussion on the case when capital intensity s is also the 
function of the fi rm’s productivity φ
As shown by Yeaple (2005), Harrigan and Reshef (2012), Verhoogen 
(2008), productive fi rms are usually more capital-intensive. Thus, it is 
natural to make the assumption that s  > 0. Since r > 1, rs is therefore a 
monotonically increasing function of a fi rm’s idiosyncratic productivity. 
Accordingly, equation (4.7) becomes:

*
x =

rs( *
e)

rs( *
x) • *

e,  • (                              )
fx

fe(      – 1)(     )–

1
–1
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From equation (4.9), we know that π̄x − π̄e = rs[F(φ*
x) − F(φ*

e)] > 0, 
and since rs(φ*x) > rs(φ*e), we will have rs(φ*x)F(φ*

x) > rs(φ*e)F(φ*
e) as long as φ*

x > 
φ*

e. Another way to confi rm fi rms’ decision-making is to calculate the 
probability of ISO14001 adoption. Similar to the probability of export 
in Melitz (2003), a firm’s willingness to adopt ISO14001 PISO can be 
expressed as: 

1 – G( *
x)

1 – G( *
e)

, where φ*
x and φ*

e are cutoff  values for ISO14001 
adoption and initiating production. Given the specifi c function form of G, 
we have the following expression:

PISO = (     )k =                          , k > 1
*
e
*
x

(                       )rs( *
x) – s( *

e)

Because Λ is assumed to be constant, as s increases, PISO will be 
enlarged as well, indicating that the capital intensity level determines a 
fi rm’ propensity to adopt ISO14001.
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C H A P T E R  F I V E

Does ISO14001 raise fi rms’ awareness of 
environmental protection?
Case of Vietnam

1.  Introduction

Foreign direct investment (FDI) is a considerable driving force that 
spurs economic growth in developing countries, especially in newly 
emerging economies. At the same time, rapid growth usually comes 
with a price, namely, pollution. In “ race to the bottom” literature, critics 
have raised the concern that multinational fi rms try to shift their heavily 
polluting activities to countries with lax regulations, as these countries 
are endeavoring to remove barriers to international trade and invest-
ment. By means of a voluntary environmental standard, this study, how-
ever, provides evidence to mitigate such concern. We show that fi rms 
with foreign ownership are more likely to be engaged in acquiring an 
environmental standard and this will in turn benefi t them as a whole.

In fact, foreign fi rms have been found to be more energy effi  cient 
compared to  state-owned firms (Eskeland and Harrison, 2003; He, 
2006). This might be due to advanced waste-processing technology ad-
opted by foreign fi rms and their awareness of corporate social responsi-
bility (Lyon and Maxwell, 2008). Other motivation may include protect-
ing institutional reputation, appealing to “green consumers,” deterring 
lobbying and boycotts by environmental groups, and avoiding regula-
tory scrutiny by local governments (Bui and Kapon, 2012). Motivated 
by this line of literature, we propose the following hypothesis: the more 
foreign fi rms invest in the host country, the more likely they become 
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self-restrained in terms of environmental protection.
To be specifi c, this study seeks to verify this hypothesis by evalu-

ating firms’ participation in a voluntary environmental program—
ISO14001—in the context of Vietnam. ISO14001 is considered one of 
the most widely recognized voluntary standards for environmental man-
agement systems,1 and is likely to be adopted spontaneously by fi rms.2 

Thus, the possibility of acquiring ISO14001 certifi cation is usually posi-
tively associated with fi rms’ willingness to be involved in environmen-
tal protection. By quantifying fi rms’ eff orts before and after joining this 
program, we hope to answer the following questions: are foreign fi rms 
more likely to pursue ISO14001 than their domestic counterparts are? 
How does ISO14001 improve firms’ overall performance, especially 
their eff orts in terms of waste control?

To answer these questions, we take an empirical approach by apply-
ing a  two-stage selection model for our baseline estimation. The fi nd-
ings show that the adoption of ISO14001 does improve fi rms’ overall 
performance and help fi rms become more involved in waste manage-
ment, which can fi nally benefi t themselves. This study diff ers from pre-
vious literature in several ways. First, this is the fi rst study to use panel 
data to explore how fi rms’ participation in voluntary programs aff ects 
pollution behavior in Vietnam, thus fi lling the gap in literature on de-
veloping countries. Note that Arimura et al. (2014) also investigated the 
determinants of ISO14001 adoption, but they used cross-sectional data, 
and did not consider the relationship between ISO14001 adoption and 
waste management behavior. Second, the measurement employed in this 
study is based on multiple indices, instead of just one. To mitigate the 
endogeneity issue, we further use both an instrumental variable method 
and  propensity score matching to verify.3 The results are consistent and 
support our aforementioned hypothesis.

Since we have discussed the pollution situation in Vietnam and why 
it is important to improve this issue in the previous chapter, we will 
jump to a more detailed analysis. A literature review will be followed 
by data description and estimation strategy, and the following section 
provides the robustness check and fi ndings. The last section concludes.
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2.  Literature review

Several studies have investigated the direct relationship between FDI 
and pollution levels. Bao et al. (2011), Jiang et al. (2014), He (2006), and 
Eskeland and Harrison (2003) all reach the unanimous conclusion that 
FDI impacts pollution levels negatively in the host country. Taking this 
stylized fact a step further, we examine and make explicit the mecha-
nism behind the phenomenon. We divide the process into two steps: 
(1) How FDI (or firm ownership at the micro-level) affects ISO14001 
adoption; and (2) The impact of ISO14001 adoption on fi rms’ polluting 
behavior.

With regard to the fi rst step, there are two main categories of theo-
ries: convergence and divergence (Prakash and Potoski, 2007). Con-
vergence advocates that foreign subsidiaries usually conform to global 
standards, rather than adapting to host country characteristics. In other 
words, if the subsidiaries come from a country with a high ISO14001 
adoption rate, it is quite likely that these fi rms will also acquire certifi -
cation in the host country. According to the convergence theory, foreign 
fi rms face greater scrutiny from local governments, which gives them a 
greater incentive to adopt ISO14001, and even to encourage their input 
suppliers to do so. Thus, FDI has a positive infl uence on fi rms’ adoption 
of ISO14001 in the target country. In contrast, divergence supporters 
claim that foreign investors choose to locate in developing countries 
because they will face less stringent environmental controls, and are 
no longer bound by the same rules as those in their home country.4 

Empirical studies have found a positive relationship between FDI and 
ISO14001 adoption in Thailand (Tambunlertchai et al., 2013) and in 
Malaysia (Arimura et al., 2014). In this case, both studies applied fi rm-
level data. Macro-level studies have found similar results (Potoski and 
Prakash, 2006). Given these contrasting theories, this study takes into 
account the role of FDI in fi rms’ ISO14001 adoption preferences.

The second step focuses on the relationship between the adoption of 
ISO14001 and fi rm performance. A large body of theoretical literature 
has studied the connection between compulsory regulations and fi rms’ 
polluting behavior, complemented by empirical evidence (e.g., Kang and 
Lee, 2004). However, few studies have investigated the waste reducing 
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impact of voluntary programs. In existing literature, the mechanism is 
explained in terms of a signaling effect (Potoski and Prakash, 2005), 
whether firms have a greater awareness of corporate social respon-
sibility (Lyon and Maxwell, 2008), and firms’ maintenance of their 
ISO14001 status. Despite the conflicting arguments and results, most 
empirical studies point to a positive relationship between participation 
in a voluntary program and waste reduction. Previous studies have used 
a single pollution measure to assess the impact of ISO14001 (Potoski 
and Prakash, 2005; Turk, 2009), and found that ISO14001 reduces the 
levels of pollution discharge. In addition, Arimura et al. (2008) verifi ed 
the positive infl uence of ISO14001 in terms of reducing both solid and 
liquid waste in Japan. Furthermore, Arimura et al. (2011) found that 
ISO14001 improves firms’ supply-chain management. In addition to 
ISO14001, other voluntary environmental programs encourage fi rms to 
curb pollution (Bui and Kapon, 2012; Kim and Lyon, 2011; De Jaeger et 
al., 2011).

Our empirical methodology is closest to that of Blackman et al. 
(2010), who analyzed the incentives for fi rms to participate in voluntary 
environment programs, as well as their impact on fi rms’ behavior. We 
describe our estimation strategy and data in the following section.

3.  Estimation strategy and data

3.1  Estimation strategy

3.1.1  Baseline specifi cation
For empirical verifi cation, we start with a two-step estimation proce-
dure:

ISOijt = δijt • Zijt + αi + αj + αt + uijt   (5.1)

Yijt = βISO • ISOijt + βi • Xijt + αi + αj + αt + εijt   (5.2)

In the fi rst stage, we estimate the propensity of fi rms to adopt ISO 
standards using a series of potential determinants. Here, ISO is a dum-
my variable that takes value one if fi rm i in industry j adopts ISO14001 
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at time t, and zero otherwise. This is constructed using the observed 
data. Zijt is a vector of determinants that lead to the adoption decision, 
where it includes both objective and subjective fi rm characteristics. The 
former characteristics consist of fi rm size (number of workers), FDI (for-
eign capital/total capital) and the capital-labor ratio. The latter includes 
answers based on fi rms’ self-evaluations, such as whether they follow 
environmental regulations. We include fi rm, industry and year fi xed ef-
fects as well. uijt is an error term. In the second stage, as in equation (2), 
we will regress the adoption of ISO14001 on fi rms’ performance, while 
controlling for the similar set of fi rm characteristics and fi xed eff ects.

We consider two sets of indicators for the dependent variable Yijt: 
waste discharge and non-environmental performance (turnover, average 
salary, and total factor productivity (TFP)). Each variable of interest is 
estimated separately, and year dummies and industry dummies are in-
cluded in both equations.

Determining TFP requires extra eff ort. Since the traditional Solow 
residue approach is unable to isolate the true productivity from statisti-
cal noise, we choose a stochastic frontier analysis (SFA) as the main 
method of calculation, as in Kumbhakar and Lovell (2000). The method-
ology is the same as in the previous two chapters, thus we omit detailed 
description.

3.1.2   Self-selection problem

However, if we want to estimate the equations (5.1) and (5.2) simultane-
ously, the diffi  culty lies in the fact that the adoption of ISO14001 might 
not be random. It can be argued that fi rms with certain characteristics 
have a higher propensity to adopt the standard, or might “self-select” in 
order to acquire the standard. In that case, unobserved characteristics 
(known to fi rm owners, but not known to econometricians) that aff ect a 
fi rm’s decision to adopt ISO14001 might also infl uence its performance, 
which can contaminate the estimation of ISO14001’s impact. In other 
words, when Cov(u, ε) ≠ 0, the result of the second stage estimation will 
be biased. For example, fi rms with more personnel engaged in environ-
ment-friendly activities are likely to have a better chance of reducing 
the waste discharge, and the costs saved can lead to higher revenue/av-
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erage salary, as a whole. However, the incentives for fi rms to participate 
in these activities are usually unobservable, and not controlling for such 
incentives will cause an upward estimation of the coeffi  cient of the im-
pact of ISO14001 on a fi rm’s performance (if the incentive is positively 
correlated with the adoption of ISO14001). To mitigate this estimation 
bias, we employ the instrumental variable (IV) method as a robustness 
check. The basic idea is to fi nd a proxy that aff ects a fi rm’s decision to 
adopt ISO14001, but does not infl uence the fi rm’s performance. To be 
more specifi c, the instruments will be valid if the following two require-
ments are satisfi ed: (1) Instrument relevance: valid instruments should 
be correlated with the endogenous variable of interest, in this case, the 
ISO14001 dummy, (2) Instrument exogeneity ( exclusion restriction): 
instruments should be uncorrelated with the error term, or there should 
not be any direct eff ect of the instruments on the dependent variable.

Concerning the fi rst condition, usually we can rely on a weak instru-
ment test to verify the validity of the instrument, however, the second 
one is relatively difficult to clear. Since firm-level characteristics can 
usually be considered simultaneously determined with performance 
variables, we resort to industry-level variables. Specifi cally, we apply 
two kinds of IVs: the ratio of fi rms that carry out environmental man-
agement system while excluding itself (Emsystem = 1 if the system is 
adopted) in an industry, and the ratio of fi rms with a waste control de-
partment while excluding itself (Wastedept = 1 if a fi rm has such depart-
ment) in an industry. As for the fi rst ratio, we divide the number of fi rms 
that already adopt an environmental management system by the total 
number of fi rms in industry j at time t. We use the two-digit industry 
code as the categorization standard, yielding 24 industries in total. The 
second IV is constructed in a similar way—the number of fi rms with a 
waste department divided by the total number of fi rms in industry j at 
time t.5

Take the fi rst instrument, which we defi ne as ratio_emsystem, for 
example, since this is an industry-level measurement of how many 
fi rms have carried out an environmental management system and usu-
ally impossible to be observed by each fi rm, it is hard to imagine how 
an individual firm’s performance can be affected by this ratio. Thus, 
when ratio_emsystem is used to proxy ISO14001, Cov(u, ε) = 0 and βISO 
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in equation (5.2) will capture the sole impact of adopting ISO14001 on a 
fi rm’s behavior. The same argument applies to ratio_wastedept as well. 
In practice, we conduct the analysis by applying each individual IV, and 
their combinations.

3.2  Data

The same fi rm-level data from GSO Vietnam as used in Chapter 3 and 4 
are applied. The most important variable of interest—whether the fi rm 
acquires ISO14001 certifi cation is recorded. Since these are relatively 
objective criteria, free from measurement error, we use them to create 
our ISO adoption dummy. Apart from that, detailed data on waste dis-
charge are categorized by form (air, liquid, and solid).  Air waste is de-
fi ned as that caused by burning fuel and materials to operate machinery. 
 Liquid waste refers to waste water, oil, grease, liquid chemicals, and 
other forms of liquid that are common byproducts during the process of 
manufacturing production. Finally,  solid waste refers to solid substances 
produced during the manufacturing process that cannot be utilized or 
recycled into useful products for future production. Firms report both 
treated and untreated amounts of waste discharge. Here, “treated” refers 
to a purifi cation process that ensures that the discharged waste will not 
damage the environment. Here, we diff erentiate between the amounts of 
treated and untreated waste in order to conduct the second-stage estima-
tion to evaluate the impact of ISO14001.

Table 5-1 lists the variables used in the estimation. In order to ac-
count for industrial heterogeneity, we include the categories of manu-
facturing sectors in Table 5-2. Statistical summaries are shown in Table 
5-3. The pollution variables (Air, Liquid, and Solid) are defi ned as the 
share of treated waste in each case. We only include fi rms in the sample 
that emit all three types of waste. We use the capital–labor ratio and 
the number of employees (Labor) as proxies for fi rm size, and turnover, 
total salary level, and TFP as proxies for fi rms’ economic performance. 
We also use ISO14001, Emsystem, Envirstandard, Wastedept, Cleane-
manuf acture, and Cost_environ. All data are obtained from the VSE 
data set. The values of fi rms’ turnover, total salaries, and total cost for 
environmental protection are normalized using the manufacturing gross 
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Variables Defi nition

Air Share of treated air wastes, treated air waste di-
vided by total air waste, (%)

Liquid Share of treated water wastes, treated liquid waste 
divided by total liquid waste, (%)

Solid Share of treated solid wastes, treated solid waste 
divided by total solid waste, (%)

Salary Natural logarithm of real salary
Turnover Natural logarithm of real turnover

TFP Total factor productivity using stochastic frontier 
method.

ISO14001 Does  the  enterprise   have  ISO  14001  certifi ca-
tion? Dummy variable.

Emsystem Does the enterprise carry out environmental man-
agement system? Dummy variable.

Environstandard Does the enterprise meet requirements of envi-
ronmental standard? Dummy variable.

Cleanmanufacture Does the enterprise meet requirements of envi-
ronmental standard? Dummy variable.

Wastedept
Does the enterprise have an organization or de-
partment of environmental protection? Dummy 
variable.

Cost_environ Natural logarithm of total costs of the enterprise 
for environmental protection in the year.

Cap_lab Capital labor ratio
Labor Total number of labor
FDI Foreign direct investment ratio, (%)

Table 5-1  Defi nitions of variables (abbreviation used in the manu-
script)
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Variables Defi nition

a_mnf
Dummy variable: 1 if fi rm is manufacture of food products 
industry, manufacture of beverages industry, or manufacture 
of tobacco products industry; 0 otherwise.

b_mnf
Dummy variable: 1 if fi rm is manufacture of textiles, manu-
facture of wearing apparel, or manufacture of leather and 
related products; 0 otherwise.

c_mnf

Dummy variable: 1 if fi rm is manufacture of coke and re-
fined petroleum products, manufacture of chemicals and 
chemical products, manufacture of pharmaceuticals, medici-
nal chemical and botanical products, or manufacture of rub-
ber and plastics products; 0 otherwise.

d_mnf

Dummy variable: 1 if firm is manufacture of other non-
metallic mineral products, manufacture of basic metals, 
manufacture of fabricated metal products, except machinery 
and equipment, or manufacture of other fabricated metal 
products; metalworking service activities; 0 otherwise.

e_mnf

Dummy variable: 1 if firm is manufacture of computer, 
electronic and optical products, manufacture of electrical 
equipment, manufacture of machinery and equipment n.e.c, 
manufacture of motor vehicles; trailers and semitrailers, or 
manufacture of other transport equipment; 0 otherwise.

f_mnf

Dummy variable: 1 if firm is manufacture of wood and 
products of wood and cork except furniture, manufacture 
of paper and paper products, printing and reproduction of 
recorded media, manufacture of furniture, other manufactur-
ing, or repair and installation of machinery and equipment; 0 
otherwise.

Table 5-2  Categorization of manufacturing sectors
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Variables Obs. Mean S.D. Min. Max.
Air 3043 34.925 22.605 0 50.000
Liquid 13043 46.514 12.105 0 50.000
Solid 17420 47.776 9.772 0 50.000
Salary 202068 5.820 1.531 0.270 10.640
Turnover 202126 8.220 1.866 0.732 13.394
TFP 202126 0.485 0.143 0.000 0.727
ISO14001 22672 0.742 0.262 0 1
Emsystem 22696 0.325 0.468 0 1
Environstandard 22708 0.315 0.464 0 1
Cleanmanufacture 22762 0.403 0.491 0 1
Wastedept 22728 0.328 0.328 0 1
Cost_environ 131584 0.361 1.244 0 14.440
Cap_lab 204168 101.598 1342.982 0 527071.750
Labor 204168 79.960 464.112 1 64751
FDI 55433 15.087 35.241 0 100

Table 5-3  Summary statistics
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domestic product (GDP) defl ator obtained from the World Bank. In or-
der to avoid the potential infl uence of outliers in the data, we exclude 
the highest 1 % of the following variables: Air, Liquid, Solid, Salary, 
Turnover, TFP, and Cost_environ.6

Among the 28,274 cleaned observations over three years for the esti-
mation, we focus on the adoption of ISO14001 by manufacturing fi rms 
because, in the VSE data set, such fi rms constitute 85 % of those that 
adopt ISO14001.

4.  Results

4.1  Baseline results

We employ a treatment-eff ects model to analyze: (1) the determinants 
of ISO14001 adoption, (2) the eff ects of ISO14001 adoption on environ-
mental problems, such as air, water, and land pollution, and (3) fi rms’ 
economic performance, such as total salaries, turnover, and produc-
tivity. The estimation results of the baseline model are summarized 
in Tables 5-4 and 5-5. Table 5-4 presents the estimation results of the 
determinants of ISO14001 adoption. The shares of FDI in the fi ve col-
umns other than column (1) relating to air pollution are positive and sta-
tistically signifi cant at the 1 % level in the fi rst stage. The share of FDI 
in column (1) is not statistically signifi cant, but is still positive. These 
results indicate that fi rms with foreign capital actively adopt ISO14001. 
The number of laborers is positive and statistically signifi cant at the 1 % 
level in the fi rst stage. That is, fi rm size (Labor) is also a determinant of 
ISO14001 adoption. If total labor is positive, this indicates that the larger 
the fi rm, the more likely it is to adopt ISO14001. Since the cost of adopt-
ing ISO14001 is high, larger fi rms have a greater capacity to participate 
in such voluntary programs. Then, the capital labor ratio is always posi-
tive and statistically signifi cant in the specifi cations at the 1 % level in 
the fi rst stage. The capital labor ratio also plays a positive role, implying 
that capital-intensive fi rms prefer ISO14001. Because capital-intensive 
fi rms have greater technological capacity than labor-intensive fi rms do, 
they can adopt ISO14001 more easily than labor-intensive fi rms can be-
cause of the relatively lower cost of ISO14001 adoption.
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Environmental protection variables are always positive and statisti-
cally signifi cant in specifi cations at the 5 % level in the fi rst stage. In 
other words, fi rms that: (1) utilize an environmental management sys-
tem, (2) meet the requirements of environmental standards, or (3) ap-
ply or conduct a clean manufacturing process are more likely to adopt 
ISO14001. However, Cost_environ (cost spent on environmental protec-
tion) is not always statistically significant, although this might be at-
tributable to the fact that it diff ers in size between fi rms. The VSE data 
set has no data on total cost during the period 2006–2009, which means 
we cannot use the environmental protection-cost ratio, which is the total 
cost to a fi rm for environmental protection divided by its total costs. 
With regard to the industry sector dummies, a_mnf, c_mnf, d_mnf, and 
e_mnf in fi ve columns (except column (1)) are positive and statistically 
signifi cant at the 1 % level. Here, a_mnf and c_mnf in column (1) are 
not statistically signifi cant, but are still positive, while d_mnf and e_mnf 
in column (1) are positive and statistically signifi cant at the 10 % and 5 
% levels, respectively. These results indicate that fi rms in these industry 
sectors are likely to adopt ISO14001.

Table 5-5 presents the estimation results for the eff ects of ISO14001 
adoption on pollution for various types of fi rms and economic perfor-
mance. FDI (measured as the share of the foreign capital) is positive and 
statistically signifi cant at the 10 % level in all specifi cations. This indi-
cates that fi rms with foreign capital show an overall better performance. 
The fi rst three columns are related to fi rms’ waste control. ISO14001 
adoption is positive and signifi cant at the 1 % level in columns (1) and (2) 
with regard to pollution type. ISO14001 adoption in column (3), relating 
to share of treated solid waste, is not statistically signifi cant, but is posi-
tive. These results show that, in general, ISO14001 adoption increases 
the share of treated air, water, and solid waste, thus mitigating the pol-
lution in air, liquid, and solid waste. This provides evidence that once 
fi rms acquire this environmental certifi cate, they tend to control a wide 
range of their polluting behavior, possibly because their adoption of the 
environmental certifi cate induces their awareness of environmental pro-
tection.

Columns (4), (5), and (6) present the eff ects of ISO14001 adoption 
on a fi rm’s economic performance. ISO14001 adoption is positive and 
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signifi cant at the 1 % level in all three columns, showing that ISO14001 
adoption improves a firm’s economic performance. The positive eco-
nomic impact of ISO14001 accreditation on a fi rm’s total salaries (log), 
turnover (log), and TFP can improve its economic performance through 
several channels. For example, the cost of managing waste is reduced, 
which frees up more resources (capital and labor) to allocate to other 
productive uses. Thus, fi rms’ commitment to social responsibility can 
lead to a win-win situation.

4.2  Robustness checks

4.2.1  Instrumental variable method
The results using the fi rst IV—ratio of the fi rms that have environmen-
tal management system (ratio_emsystem) only are presented in Table 
5-6. In the fi rst stage, the excludable variable ratio_emsystem is strongly 
signifi cant and positive, whereas the other control variables (FDI, Capi-
tal labor ratio and Labor) are all positively signifi cant. In the second 
stage, the coeffi  cient of ISO14001 is positive and signifi cant when the 
dependent variable is salary, turnover, productivity or liquid waste, 
however, the coefficient changes sign when we focus on solid waste. 
The result of a  Stock-Yogo weak instrument test shows that ratio_em-
system serves as a good instrument, except in the case of air and liquid 
waste. When we put the above findings together, it indicates that the 
adoption of ISO14001 in general has a strong and positive impact on a 
fi rm’s overall performance. When it comes to waste control, ISO14001’s 
impact on improvement is limited to the share of treated air and liquid 
waste. Similar conclusions can be drawn on the other control variables, 
such as FDI. The sign of FDI is also positive and signifi cant in the cases 
of fi rm performance, which is in accordance with the results in the base-
line estimation. This shows that fi rms with a higher foreign share are 
more likely to adopt the international environment standard. One ex-
planation is that foreign-owned fi rms usually have greater awareness of 
corporate social responsibility. Thus, their affi  liates in the host country 
will be encouraged by the headquarters in the home country to follow 
the environmental rules.

The results using both IVs are shown in Table 5-7. The prediction 
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on two IVs varies: in the fi rst stage, the coeffi  cient of ratio_emsystem 
remains positive and signifi cant in most specifi cations. However, ratio_
wastedept loses its signifi cance in all cases. Meanwhile, the estimation 
of the coeffi  cients on FDI, Capital labor ratio and Labor has similar 
results as in the previous method. In the second stage, the variable of 
interest—ISO14001 has the same sign and signifi cance as when we use 
the single IV method. Consistent with the result above, the coeffi  cient 
of ISO14001 changes sign when the dependent variable is solid waste. 
Since we use two IVs in this method, it is necessary to conduct an over-
identifi cation test— Sargan test. The results reject the validity of includ-
ing both ratio_emsystem and ratio_wastedept as IVs, but only when 
we use TFP and share of treated solid waste as dependent variables. In 
other words, ratio_emsystem and ratio_wastedept serve as valid can-
didates in general when we conduct the IV analysis. Consequently this 
shows that the adoption of ISO14001 does have a promoting impact on 
a fi rm’s overall performance, but its infl uence on the share of treated air 
and solid waste is not robust.

4.2.2  Propensity score matching

Next, we use  propensity score matching (PSM) to confi rm our fi ndings. 
The purpose of our estimation is to determine the  average treatment 
eff ect on the treated sample (ATT), which, in this study, is the perfor-
mance diff erence between ISO14001 adopters and non-adopters. While 
accurate measurements need random experimental settings, the coun-
terfactual phenomenon is usually unobserved. In this case, Rosenbaum 
and Rubin (1983) propose using a propensity score, which we can do 
here to match adopters with non-adopters. We use the fi rst-stage equa-
tion introduced in the previous section to predict the likelihood of a fi rm 
adopting ISO14001.

The challenge is that firms do not report the year they acquired 
ISO14001. Thus, we use the information for 2006 (one year before 
our first year of observation) to calculate firms’ propensity score for 
ISO14001 adoption in year 2007.7 Then, we match them with fi rms in 
the same year that have similar propensity but do not adopt ISO14001. If 
the performance indicators in these two groups are signifi cantly diff er-
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ent, then we can make the judgment that ISO14001 has potentially led 
fi rms to improve. To proceed, we further assume that by controlling the 
covariates, we can make the error term uncorrelated with fi rms’ deci-
sions with regard to ISO14001 adoption.8

Our treatment sample (ISO14001 = 1) varies in size from 825 in 
2007 to 1201 in 2009. The average value of each control variable for 
the treated group is higher than that for the control group. For example, 
the average TFP for the treated group is 0.56, compared with 0.49 for 
the control group. The estimation results are consistent with the sta-
tistical intuition. Table 5-7 reports the results using nearest one-to-one 
matching. The ATT estimates are all signifi cant, except for the share of 
treated solid waste. This indicates that fi rms’ overall performance tends 
to improve signifi cantly following the adoption of ISO14001.

We also conduct  balance tests (for matched fi rms) to check for dif-
ferences in average covariates between the treated and control groups to 
see if there remain any signifi cant diff erences between the two groups 
after propensity score matching. The results of the t-test for the major 
covariates (FDI, Capital labor ratio, Labor) do not reject the null hy-
pothesis that the mean of the treated group is equal to that of the control 
group for the matched pairs, meaning the models balance the covariates 
well. Also, as can be seen from Figures 5-1–5-3, the propensity score af-
ter matching is almost the same for the treated and control group, which 
verifi es the validity of the covariates that we choose. Further evidence 
is found in that the standardized bias is substantially reduced after the 
matching. Based on the discussion of Caliendo and Kopeining (2008), a 
standardized bias below 5 % is enough to justify the balance.

Despite strong evidence that ISO14001 improves fi rms’ competitive-
ness raises their awareness of the need for environmental protection, 
the estimation might still suff er from bias owing to data limitations, as 
previously explained. More accurate results could be achieved if more 
detailed information on the background of ISO14001 adoption was 
available: for example, why firms in some industries or areas have a 
greater tendency to acquire ISO accreditation, especially in the context 
of Vietnam. Thus, there is room for future research on whether the im-
pact of ISO adoption is temporary.

To ensure the robustness of our results, several issues need further 
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clarification. Since ISO14001 accreditation is valid for three years, a 
fi rm might lose its accredited status during the study’s 2007–2009 time 
frame. If they fail to renew their certifi cate, then our estimation results 
would be biased when we count these fi rms as ISO14001-adopters. In 
order to allay this concern, we limit the sample to those fi rms that did 
not change their ISO14001 status, or that acquired the ISO14001 cer-
tification during 2008–2009. Despite such changes, ISO14001 is still 
positive and significant in all specifications, which is consistent with 
our baseline estimation results. Besides, the TFP calculation using 
Levinsohn and Petrin’s method is also used, which yields similar results 
in all cases. The results are excluded but are available upon request.

5.  Conclusion

We use fi rm-level data from Vietnam for the period 2007–2009 to in-
vestigate the impact of adopting ISO14001, a voluntary environmental 
standard. In the empirical verifi cation, a two-stage selection model is 
applied to correct for potential selection bias. The results show that 
foreign firms are more likely to adopt ISO14001. Furthermore, such 
adoption aff ects fi rms’ overall performance in terms of reducing their 
waste discharge and improving their turnover and productivity. We use 
IV estimation and propensity score matching as robustness checks, and 
obtain consistent results. The fi ndings presented here are in accordance 
with most existing literature.9 We also fi nd evidence to support foreign 
fi rms’ eff orts towards environmental protection. At the same time, our 
study has certain limitations. By employing more detailed information, 
we would like to extend our analysis to additional industries and re-
gions.

Vietnam is undergoing a rapid economic transition. However, this 
growth comes with a price, namely,  environmental pollution, which is 
an important issue that the Vietnamese government has to deal with. We 
hope the fi ndings presented in this book can off er decision-makers some 
guidance in terms of implementing effi  cient policies to protect the envi-
ronment. For example, such policies could further encourage ISO14001 
adoption and call on more fi rms to participate in voluntary environment 
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programs in order to realize the real benefi ts of doing so.

Notes

1 The environmental protection paradigm in developing countries is 
gradually moving away from a compulsory approach to a more fl ex-
ible and voluntary approach (Tambunlertchai et al., 2013).

2 However, some have argued that the adoption of ISO14001 is moti-
vated primarily by domestic regulatory and market pressures (Khan-
na and Anton, 2002; Lyon and Maxwell, 2008). http://www.iso.org/
iso/about/iso member.htm. Accessed on November 25, 2014.

3 Details on PSM, which include methodology and results, are pre-
sented in the appendix.

4 Akbostanci et al. (2007) empirically verifi ed that this phenomenon 
exists in Turkey. In addition, political economists such as Fredriks-
son et al. (2003) and Cole et al. (2004) have argued that corruption 
aff ects the stringency of environmental policy in terms of attracting 
FDI.

5 We also apply other industry-level IVs as well, such as ratio of fi rms 
with certifi cate. The information is taken from JETRO, whereas the 
ratio is defi ned as the number of fi rms with the certifi cate indicating 
that they meet the chemical regulation standard divided by the total 
number of fi rms in industry j at time t. The combinations of diff erent 
IVs are tested, and the results are not presented due to space con-
straint.

6 Since there are many fi rms that do not treat waste and/or have a low 
turnover or TFP, we do not exclude the lowest 1 % of these variables.

7 We repeat the same practice for the other years as well.
8 In reality, this assumption can be violated. For example, a policy 

shock in an industry might encourage fi rms to apply for ISO accredi-
tation; an opposite scenario can also be considered.

9 Blackman et al. (2010) do not fi nd a signifi cant impact of the Clean 
Industry Program on average environmental performance.



110 Re-examination of FDI in Emerging Economies

Appendix

Va
ria

bl
es

(1
)

Lo
ga

rit
hm

 
of

 re
al

 sa
la

ry

(2
)

Lo
ga

rit
hm

of
 re

al
 tu

rn
ov

er

(3
)

TF
P

(4
)

Sh
ar

e 
of

 tr
ea

te
d 

liq
ui

d 
w

as
te

s

(5
)

Sh
ar

e 
of

 tr
ea

te
d 

ai
r w

as
te

s

(6
)

Sh
ar

e 
of

 tr
ea

te
d 

so
lid

 w
as

te
s

M
et

ho
d

N
ea

re
st

N
ea

re
st

N
ea

re
st

N
ea

re
st

N
ea

re
st

N
ea

re
st

A
TT

1.1
27

**
*

(0
.10

1)
1.

31
9*

**
(0

.1
21

)
0.

05
59

**
*

(0
.0

06
35

)
1.

81
2*

*
(0

.8
48

)
13

.2
4*

**
(3

.0
24

)
0.

47
0

(0
.6

99
)

O
bs

er
va

tio
ns

4,
00

7
3,

98
7

4,
25

3
2,

02
1

53
6

2,
59

1

Ta
bl

e 
5-

8 
 R

es
ul

ts
 u

si
ng

 p
ro

pe
ns

ity
 sc

or
e 

m
at

ch
in

g

N
ot

es
: S

ta
nd

ar
d 

er
ro

rs
 a

re
 in

 p
ar

en
th

es
es

. *
**

 p
 <

 0
.0

1,
 *

* 
p 

< 
0.

05
, *

 p
 <

 0
.1

 (O
ne

-ta
il 

si
gn

ifi 
ca

nc
e 

te
st

 is
 c

on
du

ct
ed

). 
O

ne
-to

-o
ne

 m
at

ch
-

in
g 

is
 a

pp
lie

d.



Chapter 5: Does ISO14001 raise fi rms’ awareness of environmental protection? 111

Va
ria

bl
e

U
nm

at
ch

ed
M

at
ch

ed
M

ea
n

Tr
ea

te
d

C
on

tro
l

%
bi

as
%

re
du

ct
 

bi
as

t-t
es

t
t

p 
> 

t
V(

T)
 / 

V(
C

)

FD
I2

00
6

U
47

.0
49

22
.9

21
53

.8
10

.5
7

0.
00

0
1.

37
*

M
54

.5
17

57
.9

61
–7

.7
85

.7
–0

.75
0.

45
5

1
C

ap
ita

l

La
bo

r r
at

io
 2

00
6

U
31

4.
82

14
2.

45
25

.4
6.

51
0.

00
0

3.
77

*
M

36
4.

18
38

9.
48

–3
.7

85
.3

–0
.3

4
0.

73
7

0.
88

a_
m

nf
U

0.
18

42
1

0.
20

27
–4

.7
–0

.8
6

0.
38

7
.

M
0.

16
74

4
0.

13
02

3
9.

4
–1

01
.2

1.
08

0.
27

9
.

b_
m

nf
U

0.
11

84
2

0.
12

47
1

–1
.9

–0
.3

6
0.

72
1

.
M

0.
11

16
3

0.
17

20
9

–1
8.

5
–8

62
.2

–1
.8

0.
07

3
.

c_
m

nf
U

0.
20

26
3

0.
11

24
9

24
.9

5.
23

0.
00

0
.

M
0.

2
0.

24
18

6
–1

1.
6

53
.6

–1
.0

5
0.

29
7

.

d_
m

nf
U

0.
18

68
4

0.
24

94
1

–1
5.

2
–2

.7
3

0.
00

6
.

M
0.

18
60

5
0.

12
09

3
15

.8
–4

.1
1.

88
0.

06
1

.

e_
m

nf
U

0.
22

10
5

0.
08

50
7

38
.4

8.
75

0.
00

0
.

M
0.

26
51

2
0.

25
58

1
2.

6
93

.2
0.

22
0.

82
7

.

f_
m

nf
U

0.
08

68
4

0.
22

56
3

–3
8.

9
–6

.3
5

0.
00

0
.

M
0.

06
97

7
0.

07
90

7
–2

.6
93

.3
–0

.3
7

0.
71

4
.

La
bo

r2
00

6
U

91
9.

89
25

1.
06

44
.5

14
.17

0.
00

0
8.

53
*

M
85

5.
97

89
8.

15
–2

.8
93

.7
–0

.2
3

0.
82

2
0.

64
*

Sa
m

pl
e

Ps
 R

2
LR

 c
hi

2
p>

ch
i2

M
ea

nB
ia

s
M

ed
Bi

as
B

R
%

Va
r

U
nm

at
ch

ed
0.

10
5

24
8.

73
0

27
.5

25
.4

82
.0

*
2.

82
*

10
0

M
at

ch
ed

0.
01

4
8.

52
0.

38
4

8.
3

7.7
28

.3
*

0.
98

33

Ta
bl

e 
5-

9 
 R

es
ul

ts
 o

f b
al

an
ci

ng
 te

st
 (P

S 
te

st)



112 Re-examination of FDI in Emerging Economies

Fi
gu

re
 5

-1
  P

ro
pe

ns
ity

 sc
or

e 
be

fo
re

 a
nd

 a
ft

er
 m

at
ch

in
g 

(s
al

ar
y)

20 15 10 5 0
0

1.
0

0.
2

0.
4

0.
6

0.
8

20 15 10 5 0
0

0.
4

0.
1

0.
2

0.
3

Kdensity pscore

Tr
ea

te
d

C
on

tro
l

Pr
op

en
si

ty
 sc

or
es

 b
ef

or
e 

m
at

ch
in

g
Pr

op
en

si
ty

 sc
or

es
 a

fte
r m

at
ch

in
g



Chapter 5: Does ISO14001 raise fi rms’ awareness of environmental protection? 113

Fi
gu

re
 5

-2
  P

ro
pe

ns
ity

 sc
or

e 
be

fo
re

 a
nd

 a
ft

er
 m

at
ch

in
g 

(tu
rn

ov
er

)

20 15 10 5 0
0

1.
0

0.
2

0.
4

0.
6

0.
8

20 15 10 5 0
0

0.
4

0.
1

0.
2

0.
3

Kdensity pscore

Tr
ea

te
d

C
on

tro
l

Pr
op

en
si

ty
 sc

or
es

 b
ef

or
e 

m
at

ch
in

g
Pr

op
en

si
ty

 sc
or

es
 a

fte
r m

at
ch

in
g



114 Re-examination of FDI in Emerging Economies

Fi
gu

re
 5

-3
  P

ro
pe

ns
ity

 sc
or

e 
be

fo
re

 a
nd

 a
ft

er
 m

at
ch

in
g 

(p
ro

du
ct

iv
ity

)

20 15 10 5 0
0

1.
0

0.
2

0.
4

0.
6

0.
8

20 15 10 5 0
0

1.
0

0.
2

0.
4

0.
6

Kdensity pscore

Tr
ea

te
d

C
on

tro
l

Pr
op

en
si

ty
 sc

or
es

 b
ef

or
e 

m
at

ch
in

g
Pr

op
en

si
ty

 sc
or

es
 a

fte
r m

at
ch

in
g

0.
8



115

C H A P T E R  S I X

Concluding remarks

In this book, I try to investigate the  strategic determinants of foreign 
direct investment as well as the potential impacts that such investment 
might have on the targeting countries, from various perspectives. In 
Chapter 2, I fi rst apply Chinese fi rm- and city-level data to evaluate the 
effectiveness of investment promotion agency—a public policy made 
by the Chinese government to attract FDI apart from the existing policy 
tools, such as  special economic zones. Unfortunately, no obvious cau-
sality between the implementation of IPAs at the city-level and FDI 
growth has been found. This indicates that  IPAs established in China 
might not be able to meet the expectation of their founders, in terms of 
inviting FDI. Thus, it leaves room for us to fi nd proper ways to improve 
the performance of IPAs and exploit new directions of attracting high-
quality FDI in the future. The latter is even more important for develop-
ing countries like China, which is undergoing the transition from the 
world’s factory to a technology-oriented economy.

Meanwhile, the substantial influence brought about by foreign in-
vestors is also confirmed. The verification has been done throughout 
Chapters 3–5. On one hand, foreign fi rms induce  technology spillover to 
local fi rms through the channels of labor movement and inputs purchas-
ing. Local suppliers can usually benefi t through the process of learning 
by doing, and end up increasing their technological levels. In Chapter 
3, I confi rm such phenomenon and further examine the heterogeneous 
impact of foreign fi rms by their  country origin. As a result, I show that 
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technology spillover is most likely to occur when the investors are from 
East Asian countries, because these investors tend to keep the closest 
interactaction with domestic suppliers, thus causing  backward vertical 
technology spillover.

On the other hand, environmental pollution is an inevitable issue in 
developing economies during industrialization. However, to what extent 
should foreign investors be to blame for the undesirable consequences? 
Do foreign investors act differently from domestic counter-parts in 
terms of environmental protection? To answer these questions, in Chap-
ter 4, I focus on fi rms’ decision-making of participation in ISO14001, a 
 voluntary environmental standard which measures the level of environ-
mental awareness. I show both theoretically and empirically that more 
productive and capital intensive fi rms have greater incentive to adopt 
ISO14001, especially when the fi rms are foreign-invested. This in turn 
provides solid counter-evidence for the “pollution haven hypothesis” 
(the famous criticism on FDI). Finally, Chapter 5 shows that when fi rms 
actively participate in acquiring such voluntary standard, it can improve 
the fi rm’s performance in terms of not only the cost of waste control, but 
its welfare and productivity as well. This study thus complements exist-
ing literature by indicating the positive linkage between fi rms’ aware-
ness of  corporate social responsibility and their future benefi ts.

This book is only a glimpse into the sea of FDI-related literature in 
the context of developing nations. There are many more topics that still 
need to be ventured. For example, how does inward FDI aff ect the local 
labor market? How does outward FDI, such as Japanese fi rms’ overseas 
expansion, infl uence the labor reallocation at home? Do fi rms always 
experience product upgrading or product diff erentiation, if they decide 
to go abroad? Some of the studies towards these questions are already 
under way and I will leave the remaining issues for my future study.
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