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ABSTRACT 
 

The force of globalization has forced Taiwanese Information and Electronics 

suppliers to invest in mainland China. Traditionally, increases in a company‘s value 

added per worker were commonly associated with changes in physical capital, human 

capital and production technologies. However, changes in value added can also be the 

result of outward FDI because of capital leakage, export substitution, import penetration, 

technology transfer, and higher earnings from the subsidiary than the parent company, 

which further encourages firms to lower domestic production. This paper estimates the 

impact of outward FDI in mainland China on parent firms‘ abilities to create domestic 

value added per worker in the Information and Electronics sector in Taiwan using 

samples from 1991 to 2006. The results show that outward FDI in China lowers parent 

firms‘ value added per worker in Taiwan during this period. It implies that the 

government should develop strategies to increase domestic productivity while opening 

cross-strait investment.  
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1. INTRODUCTION 
 

To attain an economically advantageous position, many Taiwanese Information and 

Electronics (IE) firms
1
 conducted outward foreign direct investments (OFDI) in mainland 

China. According to a report by AFX News Limited (2006), over 80 percent of Taiwan 

manufacturers had invested in China by 2005. One official report shows that the Taiwan 

government approved mainland China investment of Taiwanese firms was US$64.9 billion in 

1991-2007 with about one-third of that investment in the IE industry (MOEAIC, 2008). This 

amount was larger than the total of US$55.3 billion of OFDI by Taiwanese firms in all other 

countries between 1952 and 2007, and more than twice of the investment of US$8.5 billion 

by Taiwanese in the IE industry in all other countries in the same period. It appears to show 

that Taiwan‘s IE producers play an important role in Taiwanese OFDI and they are more 

interdependent with China subsidiaries than with subsidiaries in other nations. 

Labor productivity links directly with a nation‘s income and its people‘s living standard. 

Taiwanese IE suppliers with OFDI in China, on average, had higher labor productivity 

(defined as the value-added per real employee) than non-OFDI to China firms in 1991-2006 

(Table 1). However, their growth in the labor productivity was significantly lower than firms 

without OFDI to China. The averaged annual change in the productivity was about eighty-

five thousand New Taiwan Dollars (NT$85,000) for the former and NT$128,000 for the 

latter. We wonder whether there is a linkage between OFDI in China and labor productivity in 

the Taiwan IE sector. In the UK, Singh (1977) argued that OFDI was the core cause of the 

industrial decline in that country because overseas investments sometimes displace domestic 

investments and consequently lower the competitiveness of the domestic industry. In the 

USA, several studies pointed out that imports from offshore assembly plants have increased 

and caused domestic low-skilled worker dislocation, while some studies argued that the loss 

in unskilled jobs was offset by the increase in high-skilled jobs and benefit US consumers 

with lower prices, stockholders in higher profits and businesses in efficiency, productivity and 

global competitiveness (Marchant and Kumar, 2005). Nevertheless, the US trade deficit did 

not improve but worsened with the increase of US OFDI until the American reduced 

consumptions during the recent financial crisis (McMullen, 2009).  

The debate on the effect of OFDI on domestic industries has been continued for decades. 

Several studies show that mainland China received foreign investments which improved 

technologies and productivities in China industries (Buckley, et al., 2007). On the other hand, 

there are reports showing job losses and the loss of global competitiveness in several Taiwan 

industries (Taiwan Advocates, 2002; Wu, 2001). The IE industry is of great concern to 

Taiwan because it accounts for more than one-third of Taiwan manufacturing activities
2
. It is 

also the major high-tech industry in which Taiwan has a strong international presence. Given 

the importance of the IE industry in the Taiwanese economy and the significant amount of the 

                                                           
1
 According to the industrial classification of the Taiwan Stock Exchange Corporation (TSEC), the information and 

electronics industry includes classification numbers from 2324 to 2331, which are manufacturers of 

semiconductors, computers and their peripherals, optical electronics, telecommunications networks and 

electronic components, and services of electronic products, information and other electronic products (TEJ, 

2007). 
2
 In Taiwan, the service sector accounted for about 67 percent of the GDP and the manufacturing sector accounted 

for less than 27 percent of the GDP in 2007. The value added produced by the Taiwan IE industry was about 

11 percent of the Taiwan GDP in 2007 (National Statistics, 2008).  
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industry‘s outward direct investments to China, it is urgently necessary for Taiwanese 

leadership to know the possible impact of OFDI in China on domestic value creation in the IE 

industry. However, although there have been some studies attempted to estimate the effects of 

OFDI in China on Taiwan employment, industrial growth and structural changes (Ku, 1998; 

Chen and Ku, 2000; Chen and Ku, 2003; Chang, 2006; Li and Row, 2008), as far as the 

authors are aware, no studies have been performed on labor productivity side. 

 

Table 1. A comparison between firms with and without OFDI in China, 1991-2006. 

 

 
Firms without 

OFDI to China 

Firms with  

OFDI to China 

Two-sample t test: 

Mean I － Mean II 

H0: diff = 0 

t statistics (d.f.) 
Variable Mean I (obs.) Mean II (obs.) 

Employment 587 persons (3876) 810 persons (3024) -4.82 (6898)*** 

Sales per employee NT$7.23 million (3867) NT$15.97 million (3024) -18.30 (6889)*** 

Labor productivity NT$0.907 million (3307) NT$1.332(2952) -10.80 (6257)*** 

RD stocks per employee NT$0.574 million (3722) NT$1.185 million (3006) -14.53 (6726)*** 

Capital stocks per employee NT$1.819 million (3858) NT$1.717 million (3017) 1.87 (6873)*  

Unskilled human capital 

indicator 
0.329 (3284) 0.297 (2947) 4.89 (6229)*** 

Annual change in labor 

productivity 
NT$0.128 million (2729) NT$0.085 (2878) 1.96 (5605)**  

Growth rate of labor 

productivity 

(firms with positive value-

added) 

0.166 (2245) 0.130 (2511) 2.48 (4754)*** 

Growth rate of capital stocks 

per emp. 
0.386 (3211) 0.125 (2992) 3.55 (6201)*** 

 SMEs Large firms  

Labor productivity NT$1.272 million (2509) NT$0.997 million (3765) -6.81 (6272)*** 

OFDI China‘s stocks per 

employee 
NT$0.500 million (2826) NT$ 0.358 million (3670) -5.44 (6494)*** 

RD stocks per employee NT$1.020 million (2882) NT$0.739 million (3861) -6.03 (6741)*** 

Unskilled human capital 

indicator 
0.187 (2508) 0.397 (3760) 34.33 (6266)*** 

Capital stocks per employee NT$1.430 million (3011) NT$2.041 million (3879) 11.29 (6888)*** 

 Labor intensive firms 
Non-labor intensive 

firms 
 

Labor productivity NT$0.643 million (2841) NT$1.493 million (3427) 22.13 (6266)*** 

OFDI China‘s stocks per 

employee 
NT$0.248 million (2666) NT$0.613 million (3269) 13.22 (5933)*** 

RD stocks per employee NT$0.469 million (2859) NT$1.264 million (3436) 16.43 (6293)*** 

Unskilled human capital 

indicator 
0.399 (2908) 0.241 (3444) -25.46 (6350)*** 

Capital stocks per employee NT$1.741 million (2856) NT$1.920 million (3418) 3.08 (6272)*** 

Notes: Employment, wages, sales revenues, capital stocks are in real terms as explained in Appendix 1. 

*, ** and *** denote 10%, 5% and 1% of significant level, respectively. 

 

This paper investigates the impact of OFDI in China on parent firms‘ labor productivity 

in the Taiwan IE industry by applying the System Generalized Method of Moments (GMM) 

and using firm level data in 1991－2006. The contribution of this paper is threefold. First, we 
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estimate the impact of OFDI in China on the labor productivity from two aspects, net 

cumulated capital outflow from Taiwan to China (OFDI in China stocks) and earnings from 

Chinese investment against earnings from a Taiwanese parent company. The investigation is 

necessary because the initial capital outflow from Taiwan to China may produce negative 

effects on domestic productivity due to capital leakages, but in the longer term, earnings from 

China subsidiaries may bring incomes to the parent company and benefit labor productivity in 

the parent company. Second, we estimate the impact of OFDI in China on domestic labor 

productivity within different groups of firms. Firm specific characteristics such as firm size 

and labor-intensity can possibly affect firms‘ decisions in the allocation of production when 

they make OFDI abroad, and thus affect labor productivity in the parent company. The 

finding can provide important implications for strategic policy setting to regulate FDI 

outflow. Third, perhaps the most important contribution, we not only investigate the short-run 

impact of OFDI in China, but also estimate its long run effects on domestic labor 

productivity. The impact of OFDI on domestic labor productivity can fluctuate in the short 

run. Therefore it would be misleading if one evaluates its effect on a parent company by only 

looking at its short-run shocks.  

This paper consists of 5 sections including the Introduction. Section 2 explains theories 

and models used for the estimation. Section 3 discusses the data used for the estimation and 

analyzes differences between OFDI and non-OFDI firms, large and small and medium 

enterprises (SMEs) and labor intensive and non-labor intensive firms. Section 4 shows some 

specification tests and estimation results. Finally, Section 5 concludes the study and outlines 

directions for future research. 

 

 

2. THEORIES AND MODELS USED FOR REGRESSIONS 
 

2.1. The Labor Productivity Model 
 

We use a labor productivity model comprised of supply, demand and institutional factors 

affecting labor productivity in firms to estimate the impact of OFDI in China on Taiwanese 

parent firms‘ productivity in the IE sector. The analysis treats OFDI in China stocks as a 

capital leakage from Taiwan to mainland China. Hence, OFDI in China stocks becomes 

another input in the labor production function as presented in Model (1). 
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where Q is the value added produced by the parent firm, L is the labor input, A represents 

exogenous factors of production technologies that can not be controlled by the parent firm, K 

denotes fixed capital stocks available for production, OFDI denotes the net cumulated amount 

of outward foreign direct investments leaking from the parent company, RD is R&D capital 

stocks symbolizing the firm‘s internal cumulated technological knowledge available for 

production, H is human capital per labor used for production, Inst represents institutional 

factors affecting labor productivity such as the export share of sales, the relative size of 

earnings from OFDI and from the parent company, firm size, labor intensity, etc., and Dshock 
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indicates demand shocks at firm, industrial and aggregate level influencing the value-added 

revenue per labor unit (Appendix 1). 

The skeleton format of the model is derived from a Cobb-Douglas production function 

but we incorporated the idea of an endogenous growth model in which a firm‘s R&D capital 

stocks and human capital are treated as endogenous rather than exogenous factors of 

technological changes. In addition, we add demand and institutional factors to allow labor 

productivities to vary with firm specific intuitional factors and demand shocks. Importantly, 

given the important effect of OFDI on domestic production in the Taiwan IE sector, we also 

include OFDI relevant variables and firm specific characteristics in the model to explain labor 

productivities. 

Furthermore, considering the possibility of the dynamic nature between some inputs and 

labor productivity, we develop the model into a dynamic format for the empirical study as 

depicted in Model (2): 

 

(2) ittiittiit XLPP )(1,10  (t = 2, …, iT  ; i = 1, …, N)  

 

where itP  is the labor productivity (defined as value-added per labor) of firm i in time t, 0  

is a constant, itX  shows a vector of explanatory variables determining the firm‘s productivity 

level, )(L  is a vector of associated polynomials in the lag operator, i  and t  are 

respectively individual-specific and annual time effects, and it  is serially uncorrelated and 

independent across firms. Due to the small amount of annual data available for use, the lag 

structure of the model is limited to a maximum of 2 periods for sensitivity analysis. 

Model (2) states that a company‘s labor productivity at time t is explained by its past 

level of productivity and a group of explanatory variables including a constant, the supply 

factor, the institutional factor and demand shocks. Individual specific intercepts will capture 

time invariant effects which are not explained by other explanatory variables in the equation, 

including exogenous technologies used in the production. 

 

OFDI, Profits Earned from OFDI vs. Domestic Labor Productivity 

OFDI can affect the parent company‘s labor productivity through four important 

channels. First, OFDI may benefit home productivity if the overseas investment promotes 

exports to create value added for the parent company (Kojima, 1973; Lipsey and Weiss, 1981; 

Deutsche Bundesbank, 2006). Conversely, if OFDI results in an export substitution or an 

increase in imports from foreign subsidiaries to substitute domestic production, then it can 

reduce the value added revenue for the parent company (Hsu and Liu, 2002: 2; Chen, 2003; 

Hudson, et al., 2005; Liu and Huang, 2005; Tsai and Huang, 2007; Chiang, 2008; Li and Roe, 

2008: 97). Whether OFDI produces a positive or a negative effect on the parent firm‘s value 

added revenue is largely determined by the two sides of forces.  

Second, the direction of technological spillovers is not only from the parent company to 

foreign subsidiaries but also from foreign subsidiaries to the parent company. According to 

one official survey, about 89 percent of foreign subsidiaries received production technologies 

from Taiwan parent firms, about 9 percent of them obtained technologies through joint R&D 

projects with parent firms and others, and about 22 percent of them made innovations 
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independently in the IE sector in 2006 (MOEA, 2007:A7-1). If the feedback flow of 

technological knowledge increases innovations in the parent company, then we expect that 

OFDI stocks have positive effects on the parent company‘s productivity. By contrast, if R&D 

activities in the foreign subsidiary substitute innovations in the parent company, then OFDI 

stocks can lower the parent company‘s productivity.  

Third, OFDI stocks are capital leakages from the parent company. It can thus reduce 

domestic productivity. An empirical study by Bitzer and Görg (2009) using industry and 

country-level data for 17 OECD countries over the period 1973 to 2001 and found that a 

country‘s OFDI stocks are, on average, negatively related to productivity. On the other hand, 

a parent company may expand domestic investment to support the foreign operation, if a 

successful overseas investment increases profits for the parent company. In this case, OFDI 

can positively affect the parent company‘s productivity. A review done by Lipsey (1994, p. 

35) showed a positive relationship over time between domestic and foreign investment. Some 

observers even argued that there is a linkage between OFDI and a more competitive and 

dynamic Canada (Hirshhorn, 1998: 8).  

Fourth, profits earned from investments in China add incomes for the parent company 

and thus increase the value added for the parent company. The positive effect of OFDI on 

domestic income was supported by a study for Canada, which showed that income receipts 

from Canada‘s growing stock of OFDI made a contribution to income growth and to 

improvements to the current account balance in Canada during the 1980s (Hirshhorn, 1998). 

From this viewpoint, we expect that labor productivity in the Taiwan parent company will be 

increased as profits earned from China investments increase. 

 

Firm Size, Labor-Intensity vs. Productivity 

It is well documented that firm size and labor-intensity can affect labor productivity, but 

whether these firm specific characteristics can interact with OFDI to influence a parent 

company‘s productivity is unknown and requires further investigation. For example, there are 

concerns that small and medium enterprises (SMEs) face larger financial and capacity 

problems compared with large firms in making OFDI. Thus, once SMEs invest abroad, they 

are more likely to substitute low-cost foreign production for domestic production than large 

firms (Chen and Ku, 2003: 10-11). Consequently, SMEs directly investing abroad can 

produce more detrimental effects on domestic outputs and therefore more significantly reduce 

the labor productivity in the parent company than that of the large company. However, a 

study of Central Eastern European companies, Svetličič, et al. (2007) argued that SMEs 

frequently target specialized niches with competitive advantages in technological know-how, 

organizational flexibility and closer relationships with their customers; thus home country 

employment effects of SMEs are positive and larger than they are for large companies. 

The argument for labor-intensity is relevant to a firm‘s labor-cost share of production. As 

is shown in Section 2, labor-intensive firms require more direct labor force for production 

than non-labor intensive firms. Moreover, their employees, on average, have less physical and 

R&D knowledge capitals available for production. These companies can switch more home 

production to low labor-cost China subsidiaries and thus reduce more labor productivity in 

the Taiwan parent company than that of non-labor-intensive firms. Moreover, most 

information and electronics products are not heavy. Labor-intensive producers can ship 

components from Taiwan to China and employ low-cost laborers in China for assembling and 

producing low-end products to serve the global market. In the longer term, the Chinese 
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subsidiary can become more capable in production and doing R&D independently. If the 

parent firm does not invest substantially in physical as well as R&D capitals in Taiwan to 

upgrade its Taiwanese production, then the labor intensive company can significantly lower 

its business activities in Taiwan and greatly reduce its labor productivity in Taiwan in the 

long-run.  

Kojima (1973), however, studied Japanese multinationals and argued that their overseas 

investments were in line with the host country‘s comparative advantage and thus promoted 

trade for Japan. We are not sure whether the argument still holds if one uses a longer period 

of data to test the hypothesis. Chiang (2008) studied the IT industry which was first 

developed in the US and then transmitted to Japan and hence to Taiwan, South Korea and 

China. The author argued that the US has already reached the reverse import stage for IT 

goods while East Asian economies are at the export stage. Luckily, the US is now able to 

export IT services to the other four countries, otherwise the trade deficit in the IT goods 

signals a relative incompetence of US producers to producers in the other four nations. 

Returning to the Taiwanese case, China was then and still is teeming with labor resources and 

her labor costs were relatively cheap compared with Taiwan labor costs during 1991－2006. 

China had the comparative advantage in labor supply and that made China the world 

production base during the study period. Unless Taiwanese labor intensive firms increase 

investments in Taiwan to improve Taiwan operations when they are directly investing in 

China, we expect that labor intensive firms OFDI in China produce more negative effects on 

domestic outputs and thus less value added revenue per employee.  

To estimate the effects of OFDI in China and firm specific characteristics (e.g., firm size 

and labor intensity) on domestic labor productivity, we will explicitly introduce the 

interaction terms, (OFDI in China stocks per employee × SME) and (OFDI in China stocks 

per employee × labor-intensity), into a regression model. If the coefficient of the first 

interaction term is negative, then SMEs conducting OFDI in China produce a more 

detrimental effect on the productivity of parent firms than large firms and vice versa. If the 

coefficient of the second interaction term is negative, then labor-intensive firms investing in 

China reduce a larger amount of productivity in Taiwanese parent firms than non-labor 

intensive firms and vice versa.  

 

Capital Stocks, R and D, Human Capital vs. Labor Productivity 

In the traditional supply side growth model, an increase in capital stocks will increase 

output, and thus an increase in capital stocks per labor will raise output per labor. However, 

the argument may not hold at the firm level if the demand side factor is also considered in the 

model. Given the quantity demanded remains unchanged, there is no reason that an increase 

in capital stocks per labor unit will increase output per labor unit. This is particularly true in 

consumer product industries in which fixed capitals are not part of its output. In this aspect, 

we expect that the coefficient of capital stocks per employee in the labor productivity function 

is insignificant. However, if the new machinery contains new technologies to improve 

productivity, then, other things being equal, increases in capital stocks per labor will increase 

output per labor.  

Non-embodied technologies such as production process, know-how, new product design, 

etc., are mostly generated by the firm‘s R&D efforts or buy in from others. With all other 

things being equal, increases in these types of technologies can increase output or the 
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company‘s value added. Thus, we expect that with more R&D capital stocks per labor unit 

the more value added revenue per labor unit.  

Next, human capital is separated from physical labor inputs in the endogenous growth 

model. Skilled workers have higher human capital and thus they are expected to produce 

more value added revenue for a company than unskilled workers. Limited by available data, 

we use the share of direct labor costs in the total labor compensation in a firm to 

approximately indicate the level of human capital used in the company. The share is between 

0 and 1. A higher share implies a lower human capital used for production because direct 

laborers usually work mechanically and use less skills in production than indirect laborers. 

Thus, we expect that the coefficient of the unskilled human capital indicator is negative in the 

labor productivity equation.  

 

Export Share and Labor Productivity 

Export share expresses the openness of a company. It is constructed by exports divided 

by firm-specific total sales, including domestic and foreign sales. We do not consider imports 

because import data are unavailable at the firm level. A higher export share implies that the 

firm has more interactions with the international market. It is well documented that trade is an 

important channel for cross border technology transfers (Coe and Helpman, 1995). We expect 

that exchanges between Taiwanese producers and their foreign customers improve production 

technologies for Taiwanese companies and thus positively affect labor productivity of 

Taiwanese producers.  

 

Demand Shocks and Labor Productivity 

Labor productivity growth has a major cyclical component which is relevant to demand 

shocks. For example, some studies show that the significant growth in labor productivity in 

the US during the second half of the 1990s was a reflection of the strengthening of aggregate 

demand rather than a fundamental improvement in physical capital or technologies (Steindel 

and Stiroh, 2001: 26-27). Hence, it is important to include the demand factor into the labor 

productivity function to allow productivities to vary with demand shocks. In practice, we use 

sales gaps, industrial growth rates and year dummies to capture demand shocks at the firm, 

industrial and aggregate levels. 

Finally, we expect labor productivity to adjust with delay to changes in some of the 

factors mentioned above. The process of adjustment to changes in these factors may depend 

on the passage of time, which argues for including lags of these factors as regressors. 

Furthermore, the process of adjustment can depend on the difference between equilibrium 

productivity level and the previous year‘s actual level; thus it calls for a dynamic model in 

which lags of the dependent variable are included as explanatory variables. 

 

 

2.2. Estimation Strategies 
 

Due to firm-specific fixed effects and lagged dependent variables in the panel regression 

of interest and the potential existence of endogeneity in explanatory variables, we adopt the 

one-step system GMM designed by Blundell and Bond (1998). The advantages of using the 

one-step system GMM are threefold. First, the system GMM is more efficient than the 
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conventional first difference GMM. In addition to exogenous variables, we use the levels and 

the first differences of lagged dependent and endogenous explanatory variables as 

instruments. Particularly, the system GMM considers not only the moment conditions in 

differenced errors equations as imposed by Arellano and Bond (1991) but also the moment 

conditions that the first differences of lagged dependent variables and lagged explanatory 

variables should be uncorrelated with the errors and individual effects. Hayakawa (2007) also 

showed that the system GMM delivers less biased estimates than the level and difference 

GMMs. Second, the system GMM can allow for endogenous explanatory variables other than 

lagged dependent variables without using extra instruments variables. Third, the one-step 

rather than two-step system GMM is used for the estimation because simulation studies have 

suggested very modest efficiency gains from using the two-step version, but a high instrument 

count can result in a downward-bias for coefficient standard errors in two-step GMM 

(Roodman, 2007: 8-9; Bond, 2002: 9-10). For further details of the technique used in the 

system GMM, please refer to Blundell and Bond (1998) and Roodman (2006). The detailed 

discussions on the analysis of endogenous variables and the instruments used in our 

estimation are described in Section 4.1. 

To reduce the impacts of heterogeneities across hundreds of firms, we further adopt 

robust standard errors in our estimation. Moreover, it is worth pointing out that we cannot 

introduce extra time-invariant variables (e.g., firm size dummy or labor-intensive dummy 

variables) in the model due to fixed effects. Alternatively, to tackle the impact of OFDI in 

China on productivity, we allow the slope coefficients of OFDI to be group-specific across 

firms. Finally, firm level time series data for OFDI in China are available in 1991-2006 

according to the companies‘ annual financial reports. Yet, firm level data for OFDI in other 

countries are unavailable. Thus, when we estimate the impact of OFDI in China on a parent 

company's labor productivity, we use the firm-specific fixed effects to control other firm-

specific effects including OFDI to other countries. 

 

 

3. DATA 
 

We collected data from 668 Taiwan IE firms which were either listed on the Taiwan 

Stock Exchange (TSE) or as Over-the-Counter (OTC) in Taiwan from 1991 to 2006. These 

firms were classified by the Taiwan Stock Exchange Corporation (TSEC) under the IE 

industrial group (code: M2300) and included IE manufacturers and services providers. The 

total net sales of these firms was about NT$8,047 billion in 2006, and it accounted for about 

55.8 percent of the total sales of all Taiwanese TSE and OTC firms in the year. Among these 

firms, 642 firms had completed data for regressions and 539 firms had direct investments in 

mainland China. In 2006, there were 263 firms in our data set with employment fewer than 

200 persons, which were, by definition
3
, SMEs in Taiwan. Our data are imbalanced from 

                                                           
3
 The MOEA defines SMEs if firms with employment less than 200 persons or received capital less than NT$80 

million. The definition of SME is various across countries mainly because of the wide diversity of businesses. 

For example, a SME is defined as any business which employees fewer than 250 full-time employees and 

turnover below €50 million in the EU, any manufacturing business employees fewer than 100 people in Hong 

Kong, and any business establishment with less than 500 employees and less than CAD50 million in gross 

revenues in Canada. We adopt the MOEA definition to fit the Taiwanese situation. Moreover, we do not 

assign a SME-status to a firm according to the firm‘s initial employment, but use the MOEA definition to 
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1991 to 2006 with the earliest investments by some IE firms to China in 1997. We use data 

from 1991 rather than from 1997 to preserve information about firms‘ performance before 

and after conducting OFDI in China, because the formal regulation for Taiwanese engaging in 

the indirect investment or technical collaboration with people in mainland China was set in 

October, 1990. Note that for non-OFDI in China observations, their net cumulated amounts of 

OFDI in China (briefly noted as ‗OFDI China‘s stocks‘) are zero.
4
 Firm level data used in this 

study come from the Taiwan Economic Journal (TEJ). Industries‘ value-added indices and 

price indices are obtained from the National Statistics of Executive Yuan in Taiwan. The 

statistical descriptions of the variables considered are summarized in Appendix 1. 

 

 

3.1. Data Analysis by OFDI in China 
 

As mentioned earlier, most Taiwan IE producers have invested in mainland China before 

2006. It is interesting to know whether there are significant differences in firm characteristics 

between the OFDI and non-OFDI in China producers. Thus, we conduct two-sample t tests on 

the two groups of firms (Table 1). We find that in the sample of 1991-2006, firms with OFDI 

in China had significantly larger employment than firms without OFDI in China (810 vs. 587 

persons). Moreover, their labor productivity (defined as value-added revenue per employee) 

and R&D capital stocks per employee were on average higher than firms without OFDI to 

China (NT$1.3 vs. 0.9 million and NT$1.2 vs. 0.6 billion, respectively). Further, the unskilled 

human capital indicator (defined as direct labor costs / total labor compensation) was lower 

for the former than the latter (29.7 vs. 32.9 percent). The data depict that firms with OFDI to 

China were on average larger, more productive, more knowledge intensive and less dependent 

on direct labor force used for their business operations in Taiwan than firms without OFDI to 

China in the IE sector. However, in terms of growth rates, OFDI to China firms were lower 

than non-OFDI to China firms in labor productivity, sales per employee and capital stocks per 

employee. The respective averaged annual growth rates are 28, 24 and 13 percents versus 42, 

37 and 39 percents. The relatively slow growth of firms with OFDI in China signals the 

possibility that OFDI in China negatively affects Taiwan IE industry. Nevertheless, the 

significant difference may be partly due to firm sizes, since OFDI in China firms are 

relatively large which may produce smaller growth rates than SMEs. Thus, a further 

investigation on firm size is necessary. 

 

 

 

 

                                                                                                                                                               
identify a SME through the whole sample period. In other words, some firms can be SMEs in the early 1990s, 

while becoming large firms in the 2000s. We do not use the initial number of employment to fix firm size 

because our sample period is long (a maximum period of 16 years) and our data are unbalanced. Many of our 

sample firms started business after 1991, and some of them became large firms before 2006. Most Taiwanese 

IE firms are young, and so do firms in our sample. The average firm age in our sample is about 13.4 years. It is 

no reason that we estimate their behaviors by assuming that they were small firms when they had already 

become large firms. 
4
 For robustness, we also conducted similar estimations using the post-Asia-financial-crisis sample, the sample from 

1998 to 2006. As it is shown in Appendix 3, the main results are qualitatively consistent with the results from 

the 1991-2006 samples. 
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3.2. Data Analysis by Firm Size 
 

Next, let us consider the differences between large firms and SMEs. As shown in Table 1, 

SMEs did significantly differ from large firms in several aspects. Particularly, SMEs tended 

to have more labor productivity. Although each worker had less physical capital stocks to use 

for production in the SME than in the large firm, most workers in the SME were indirect 

workers with higher human capital than the average in the large company (unskilled human 

capital indicator was 0.19 in the SME vs. 0.40 in the large firm). Importantly, though the 

amount of capital invested in China by the SME was lower than by the large company, OFDI 

in China stocks per employee was higher for the SME than for the large company. It shows 

that the average SME was more dependent on their China subseries than the large company. 

 

 

3.3 Data Analysis by Labor Intensity 
 

We further classified our samples based on their labor intensity. The firms are referred to 

as labor-intensive firms if their labor-costs as a share of sales were above the sample mean, 

8.1 percent; otherwise firms were referred as the non-labor-intensive firms. Labor intensive 

firms on average had lower labor productivity as well as capital stocks and R&D capital 

stocks per employee than non-labor intensive firms. It shows that there was less physical 

capital and technological knowledge available for each worker in a labor intensive firm. 

Moreover, data show that labor-intensive firms had a higher share of direct labor costs in total 

labor compensation. It may imply that the company was more dependent on unskilled 

laborers for production than non-labor intensive firms. Finally, OFDI in China stocks per 

employee was lower in labor-intensive firms than in non-labor-intensive firms and contradicts 

conventional impressions that labor-intensive firms would have invested more in China than 

that of non-labor-intensive firms partially because low-cost labor inputs might be more 

important to them than to non-labor-intensive firms. 

 

 

4. REGRESSION RESULTS 
 

The above data analyses disclose that firms with and without OFDI in China are different 

in the level and growth of labor productivity. Moreover, the differences also appear between 

SMEs and large firms, and labor intensive and non-labor intensive firms. Next, we take a 

further step to estimate whether the difference is a result of OFDI in China or not, by using a 

one-step system GMM and available data of 642 IE firms from 1991-2006. The GMM results 

show short-run effects, and then, based on the short-run results, we use the non-linear 

combinations of estimators (NLCOE) to compute the long-run estimates after GMM 

estimation command in Stata. The calculations are based on the ―delta method‖, which is an 

approximation appropriate in large samples (Stata, 2005). The formula for a long-run estimate 

is )1/( 1,

1

jk

J

j

, where J = 1 + maximum lagged order of an interest variable kx , 

),2(,1,ˆ
, jjk are the estimated coefficients of current (and lagged, if any) kx , and 1

ˆ  
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is the estimated coefficient of lagged labor productivity. Short-run results are reported in 

Table 3 and long-run estimates are reported in Table 4. For comparison, the results generated 

from OLS and Fixed Effects (FE) estimations are reported in the tables as well.  

 

 

4.1. Exogeneity, Causality, Over-Identification, and Serial Correlations Tests 
 

We applied a regression based Hausman test suggested by Wooldridge (2002: 118-122) 

to detect whether any of our explanatory variables is endogenous and found that lagged labor 

productivity, OFDI China stocks per employee and R&D stocks per employee are 

endogenous in the labor productivity equation as reported in Table 2. The result indicates that 

these three variables have dynamic relationships with labor productivity. Other variables in 

the equations are exogenous. It is not surprising that lagged labor productivity is endogenous 

due to the dynamic settings with firm-specific fixed effects. The finding also supports Li and 

Roe (2008: 92) who argued that OFDI flows are endogenous in an aggregate growth model. 

Furthermore, we found that R&D capital stocks per employee is also endogenous, a finding 

neglected by previous studies.  

 

Table 2. Results of exogeneity tests. 

 

The overall error component of instrumented explanatory variable Labor Productivity 

(Labor productivity)t-1 1.10(13.3)*** 

(Capital stocks per employee)t -0.03(0.6)    

(OFDI China‘s stocks per emp.)t -0.27(3.1)*** 

(RD stocks per employee)t  0.48(4.6)*** 

(Unskilled human capital indicator)t 0.11(0.3)  

(China gains / Taiwan gains)t -0.05(1.0)  

Total observations 3691 

R-sq. within 0.53 

Corr(ui, Xb) -0.48 

Sigma u (the fixed effect error component) 1.74 

Sigma e (the overall error component) 0.67 

Rho (fraction of variance due to u)                  0.87 

F test (d.f.) (28, 3032) = 24.8*** 

Notes: The t-ratio is behind each coefficient within parentheses. *, ** and *** denote 10%, 5% and 1% 

of significant level, respectively. In the labor productivity equation, explanatory variables include 

the respectively instrument variables and their error components and some exogenous variables, 

including the growth rate of industrial value-added revenue, company sales gap, export share of 

sales, company‘s corporate income tax rate, firm age, time trend and a constant. For each 

instrumented variable, we use instrumental variables including the first difference of the dependent 

variable in periods of t-1 and t-2 and some relevant strictly exogenous variables. For details of the 

methodology, please refer to Wooldridge (2002: 118-122).  
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Table 3. Short-run labor productivity equations, 1991-2006 

 Dependent variable: labor productivity 

 

Explanatory variable One-step system GMM Fixed Effects OLS 

 (A) (B) (C) (D) 

Labor productivity     

Lag 1 0.677(16.3)*** 0.685(16.3)*** 0.448(12.1)*** 0.810(26.3)*** 

Capital stocks per employee 0.111(0.8)  0.009(0.6)  0.1016(0.6)  0.007(0.6)  

OFDI China‘s stocks per emp. 0.208(2.8)*** 0.081(1.5)  0.158(1.8)*  0.025(0.3)  

Lag 1 -0.237(1.9)*  -0.044(0.5)  -0.075(0.7)  -0.021(0.2)  

Lag 2 -0.144(1.5)  -0.146(1.7)*  -0.130(1.5)  -0.111(1.2)  

OFDI China‘s stocks per emp. × SME  0.159(2.2)**  0.164(2.2)**  0.178(2.5)*** 

Lag 1  -0.182(2.0)**  -0.087(1.1)  -0.146(1.9)*  

OFDI China‘s sto. per emp. × labor int.  -0.119(2.8)*** -0.136(2.9)*** -0.096(2.5)*** 

Unskilled human capital indicator -0.335(2.8)*** -0.280(2.4)**  0.055(0.3)  -0.206(2.8)*** 

RD stocks per employee -0.305(2.6)*** -0.312(2.7)*** -0.347(3.3)*** 0.276(2.8)*** 

Lag 1 0.387(3.2)*** 0.395(3.32)*** 0.427(3.7)*** 0.353(3.1)*** 

China gains / Taiwan gains 0.017(0.5)  0.012(0.4)  0.017(0.9)  0.009(0.4)  

Lag 1 0.112(0.5)  0.141(1.3)  0.026(1.0)  0.032(1.3)  

Industrial growth rates 0.914(4.3)*** 0.950(4.4)*** 0.530(2.5)*** 0.855(4.7)*** 

Sales gap 1.77(2.0)**  1.666(1.9)*  6.378(11.3)*** 0.859(4.7)*** 

Export share 0.217(2.8)*** 0.191(2.7)*** 0.277(2.5)*** 0.137(2.7)*** 

Constant 0.075(0.8)  0.059(0.7)  0.523(3.7)*** -0.013(0.2)  

1994 year dummy 0.054(0.8)  0.053(0.7)  0.019(0.2)  0.071(0.9)  

1995 year dummy 0.027(0.3)  0.019(0.2)  -0.076(0.6)  0.001(0.0)  

1996 year dummy -0.125(1.6)  -0.128(1.6)  -0.287(2.5)*** -0.139(1.6)  

1997 year dummy -0.054(0.6)  -0.047(0.6)  -0.307(2.6)*** -0.023(0.3)  

1998 year dummy -0.105(1.2)  -0.103(1.2)  -0.391(3.4)*** -0.084(1.1)  

1999 year dummy 0.051(0.5)  0.063(0.7)  -0.330(2.6)*** 0.093(1.1)  

2000 year dummy 0.101(0.9)  0.105(0.9)  -0.292(2.2)**  0.140(1.6)  

2001 year dummy 0.076(0.8)  0.096(1.0)  -0.384(2.8)*** 0.045(0.5)  

2002 year dummy 0.175(1.9)*  0.188(2.0)**  -0.289(2.2)**  0.182(2.1)**  

2003 year dummy 0.353(3.6)*** 0.361(3.7)*** -0.111(0.9)  0.317(3.6)*** 

2004 year dummy 0.349(3.2)*** 0.354(3.3)*** -0.066(0.5)  0.277(3.1)*** 

2005 year dummy 0.245(2.3)**  0.236(2.3)**  -0.089(0.7)  0.136(1.4)  

2006 year dummy 0.472(4.3)*** 0.456(4.2)*** 0.174(1.3)  0.347(3.6)*** 

Wald: Chi2(d.f.) (26)=1,125*** (29)=1,239***   

Hansen: Chi2(d.f.) (322)=345(0.18) (426)=452(0.19)   

Arellano-Bond AR(1) 1st dif.: z -7.39(0.00)*** -7.41(0.00)***   

Arellano-Bond AR(2) 1st dif.: z -0.09(0.93)  -0.10(0.92)    

F test    (29, 3988) = 

21.7*** 

(39, 4629) =  

  6.8*** 

R2   0.35 (within) 0.60 

Number of instruments 349 456   

Number of firms 642 642 642 642 

Number of observations  4,659 4,659 4,659 4,659 

Notes: Here, we only have 13 year dummies because the maximal lagged order of dependent variables 

is 2 and the GMM takes the first-difference. Behind each coefficient is the t-ratio. *, ** and *** 

denote 10%, 5% and 1% of significant level, respectively. For a Hansen test of over-identification, 

Arellano-Bond tests for AR(1) and AR(2), P-values are in parentheses. In Columns (A) — (B), the 

lagged dependent variable, OFDI China stocks per employee, (OFDI China stocks per employee × 

SME), (OFDI china stocks per employee × Labor intensive), and RD stocks per employee are 

predetermined variables as suggested by the data. Their first differences are used as instruments for 

level GMM equations and their lags are used as instruments for first differences GMM equations 

as Blundell and Bond (1998) in addition to all exogenous variables included in the equations and a 

time trend. 
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To further check whether the endogenous variables depend on the past values of labor 

productivity, we conduct Granger causality tests and found that labor productivity did 

Granger-cause OFDI to China stocks per employee and R&D stocks per employee during the 

period of interest (Appendix 2). The results suggest that OFDI to China stocks per employee 

and R&D stocks per employee are affected by the past values of labor productivity. 

To take the endogenous and causality problems into account, we use instrumental 

variables. Following Blundell and Bond (1998: 137) and Roodman (2006: 22), in addition to 

exogenous variables used in the equation, we not only use instruments of the differences of 

the lagged dependent variable, OFDI China stocks per employee, and R&D stocks per 

employee in level GMM equations, but also the instruments of the second or higher older 

lagged dependent variable and first and higher older lagged levels of OFDI China stocks per 

employee and R&D stocks per employee in the difference GMM equations. To be valid, we 

investigate whether over-identification test is passed or not when we use these instruments. 

As reported in Table 3, Hansen's over-identification test suggests that there is no over-

identification in our estimation. Moreover, the assumption of serially uncorrelated errors is 

curial to make the system GMM estimation valid. We, therefore, conduct the Arellano-Bond 

test and it appears to show that all system GMM estimations listed in Table 3 have 

satisfactory statistics to reject the null hypothesis that the first differenced errors have zero 

autocorrelation (AR(1)) while not reject that the second-order autocorrelation (AR(2)) is zero, 

which indirectly provides an evidence that the errors are not serially correlated at the second 

order. 

 

 

4.2. Regression Results 
 

Accounting for Labor Productivity in Taiwanese IE firms 

Our results show that labor productivity in the current year is moderately relevant to the 

firm‘s labor productivity in the previous year in the short-run. The estimated coefficients of 

the lagging one-year dependent variable are about 0.68 (Table 3, Eq. (A) and (B)). It is a good 

estimate which falls between the OLS estimate 0.81 and the FE estimate 0.45 (Eq. (C) & 

(D)).
5
 In the long-run, the negative factors to reduce value added per employee (labor 

productivity) in Taiwanese parent firms are OFDI in China stocks per employee and unskilled 

human capital indicator (Table 4). Conversely, value added per employee in the parent firms 

is positively associated with RD capital stocks per employee, industrial growth rates, sales 

gap, and export share.  

 

 

 

 

                                                           
5
 As it is pointed out by Bond (2002: 4-5), when one uses panel data with endogeneity, the OLS estimator of the 

lagged dependent variable is inconsistent and biased upwards while the Fixed Effects estimator is biased 

downwards. Thus, a candidate consistent estimator should lie between the OLS and FE estimates, or at least 

not be significantly higher than the former or significantly lower than the latter. Therefore, a robustness check 

of the estimated system GMM results is to look at the estimated coefficient on the lagged dependent variable. 

A good estimate should fall between the OLS and the FE estimates. 
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Table 4. Long-run effects on Taiwan parent firms’ labor productivity in the IE sector 

Dependent variable: labor productivity. 

 

Explanatory variable One-step system GMM Fixed Effects OLS 

 (A)     (B)   (C) (D) 

Capital Stocks per employee 0.035(0.8)  0.028(0.6)  0.029(0.6)  0.038(0.6)  

OFDI China stocks per employee -0.537(2.6)*** -0.344(1.5)  -0.085(0.7)  -0.560(2.3)**  

OFDI China stocks per emp. × 

SME 

 -0.072(0.3)  0.139(1.1)  0.170(0.7)  

OFDI China stocks per emp. × 

labor int. 

 -0.378(2.9)*** -0.247(2.9)*** -0.505(2.4)**  

Unskilled human capital indicator -1.039(3.1)*** -0.887(2.6)*** 0.100(0.3)  -1.084(2.9)*** 

RD stocks per employee 0.252(2.0)**  0.263(2.1)**  0.146(2.3)**  0.405(2.5)*** 

China gains / Taiwan gains 0.401(0.5)  0.487(1.2)  0.078(1.4)  0.212(1.4)  

Industrial growth rates 2.834(4.0)*** 3.011(4.0)*** 0.962(2.5)*** 4.504(3.9)*** 

Sales gap 5.491(2.0)**  5.282(1.9)*  11.564(9.9)*** 4.527(3.8)*** 

Export share 0.672(3.0)*** 0.606(2.9)*** 0.502(2.4)**  0.722(2.6)*** 

Notes: These long-run effects are estimated using Non-linear Combinations of Estimators based on 

estimates from the system GMM, the Fixed Effects regression and the OLS listed in Table 3. The 

t-ratio is behind each coefficient within parentheses. *, ** and *** denote 10%, 5% and 1% of 

significant level, respectively.  

 

OFDI in China as. Labor Productivity  

OFDI in China has negative effects on home labor productivity starting from one-year lag 

(Table 3, Eq. (A)). A NT$1 million increase in OFDI-China stocks per employee lowers labor 

productivity in the Taiwan parent firm for about NT$0.54 million in the long run (Table 4, 

Eq. (A)). However, in contrast to OFDI in China stocks, earnings from the China investment 

raise labor productivity in Taiwan in both the short and long run, though it is still insignificant 

(Eq. (A)). Our estimated size of effect, however, does differ from Chang (2005) who studied 

the Taiwan aggregate economy and found OFDI had a negative but insignificant effect in 

GDP over 1981-2003. It also differs from Chen and Ku (2000) who argued that OFDI by 

Taiwanese companies in low income countries produced insignificant impact on firm growth 

in 1986-1994. On the other hand, our results support Lie and Roe (2008) who used Taiwanese 

aggregate data and argued that there is a lag negative effect on Taiwan economy due to OFDI 

in China. The difference in findings can be explained by the specificity of our study to the IE 

industry, our larger panel sample size, more up-to-date study period, and more comprehensive 

equation. 

We also find that, when a company invests directly in China, its degree of labor-intensity 

does significantly affect labor productivity in both the short- and long-run (Tables 3 and 4, 

Eq. (B)). The short-run result indicates that when labor-intensive firms conducted OFDI in 

China, it lowered the parent company‘s labor productivity in the same year. In the long-run, 

labor intensive firms conducting OFDI in China significantly reduced the parent company‘s 

labor productivity and the reduction is significantly higher than that produced by non-labor 

intensive firms investing in China. Specifically, in the long-run when a labor-intensive 

company increases the cumulated amount of OFDI to China per employee by NT$1 million, 

it reduces its Taiwan labor productivity for about NT$0.72 million which is significantly 

larger than NT$0.34 million produced by a non-labor intensive firm. The finding has some 
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implications to policy making. Because OFDI to China by labor intensive firms are 

particularly detrimental on Taiwanese labor productivity, it is necessary for the government to 

have a good strategy to encourage them to upgrade themselves in Taiwan rather than to invest 

in China. The finding also casts the doubt on Kojima (1973) arguing that OFDI in line with 

the host country‘s comparative advantage would benefit the home country. China has the 

comparative advantage in labor costs; however, evidence provided by this study shows that 

not only non-labor intensive firms but also labor-intensive firms investing in China produced 

negative effects on the parent company‘s labor productivity from 1991 to 2006. 

Turning to firm size, while our result shows that the negative impact on home labor 

productivity is insignificantly different between large firms and SMEs in the long-run, the 

short-run effect is quite different. SMEs tend to have more contemporary positive impacts of 

OFDI on labor productivity than large firms, but the positive effect turns into a negative effect 

after a one year lag. Overall, the effect is insignificant in the long-run. The phenomenon that 

labor productivities in SMEs are dramatically changed after OFDI in China partially reflects 

the fact that production scales in SMEs are not sufficiently large to retain production sites 

both in China and in Taiwan. Consequentially, SMEs depend upon the employees in Taiwan 

to share their experiences and technology with Chinese workers at the beginning stages of 

production and over time, tend to relocate their major production sites from Taiwan to China 

after these skills are transferred. 

 

Capital Stocks, R and D, Export Share vs. Labor Productivity 

As expected, changes in capital stocks per employee do have positive effects on labor 

productivity but it is insignificant in both the short and long run. On the other hand, the 

increase in R&D capital stocks per employee significantly improves labor productivities for 

IE firms in the long run. If the firm increased NT$1 million more in R&D capital stocks per 

employee, labor productivity is predicted to be about NT$0.26 million more in the long run 

and shows that innovations in product and process technologies do improve labor 

productivity in IE firms. Exports also play an important role to improve the labor productivity 

for IE firms in both the short and long run. We find that a one percent increase in export share 

raises long-run labor productivity by about NT$0.6 million.  

 

Sales Gap, Industrial Growth Rates and Aggregate Demand Shocks 

Labor productivities in Taiwan IE firms are significantly affected by demand factors. A 

one percent increase in the industrial growth rate in the value added revenue increased the 

labor productivity in an average IE company by about NT$0.03 million in the long-run. In 

addition, a company‘s sales gap significantly influences labor productivities in both the short 

and long run. In the long run, a one percent increase from the normal trend in the company‘s 

sales increased the labor productivity by about NT$0.05 million. Finally, aggregate demand 

shocks also significantly affect the labor productivity in the sample period. Coefficients of 

year dummies from 2002 to 2006 are positive and significant. This implies that aggregate 

demand shocks in this period have positive contributions to the labor productivity in 

Taiwanese IE firms. 
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5. CONCLUSION AND POLICY IMPLICATIONS 
 

Forced by international competition, many Taiwanese suppliers in the IE industry carried 

out their first time overseas production in mainland China in 1991-2006. Our estimated 

results show that OFDI into China significantly lowered labor productivity in the parent 

company in the industry during the sample period. This implies that the parent firm‘s ability 

to create value added per worker was hurt by the overseas production. In the long-run, the 

negative impact was particularly significant for labor intensive firms. It is a warning to policy 

makers in Taiwan when they are contemplating further liberalization for IE firms to invest in 

mainland China. On the other hand, results show that the increase in R&D stocks and the 

lower in the use of unskilled laborers in the parent company significantly raised labor 

productivities in the parent company. Thus, we urge the government to make further efforts to 

promote domestic investments in R&D and training to increase domestic labor productivities. 

Furthermore, results indicate that demand factors, such as a company‘s sales gap and the 

industrial growth, have important positive effects on a parent company‘s labor productivity. 

This implies that demand played a strong pull-role in lifting labor productivity in the 

Taiwanese IE sector. Besides, foreign markets as indicated by export share had significantly 

positive contributions to domestic labor productivity. These finding suggests that it is unlikely 

that Taiwan can effectively increase domestic labor productivity simply by government 

investments in domestic R&D and training while sacrificing the foreign market. In other 

words, an inward-trade policy cannot be a successful strategy. 

Given the importance of the China market, the comparative advantage of Chinese in 

labor, land and natural resources, and tax incentives provided by China governments to 

Taiwan investors, it is difficult for the Taiwan government to restrict IE firms to invest in 

China. Meanwhile, China is cooperating with other nations to form free trade areas which 

provide firms with an even greater demand incentive, whereas political constraints have 

prevented Taiwan from engaging in these trade talks. Thus, strategic policies, as it is 

suggested by the findings of this study, would be to require Taiwanese firms to invest a 

certain amount of domestic R&D and retain headquarters in Taiwan when they are applying 

overseas investments. In the meantime, an improvement in the domestic investment 

environment, in particularly by enlarging the demand size (including domestic and foreign 

markets) is decisive to attract both domestic and foreign companies to invest in Taiwan, and 

therefore creates value added in the nation.  

Finally, more work is needed to enable us to fully understand and appropriately react to 

the challenge in OFDI. As this study concentrates upon the Taiwan IE sector, our findings 

may not represent all industries. Further research is needed to examine the impact of such 

investment in other industries. Nevertheless, this paper shows the different characteristics of 

firms with and without OFDI in mainland China in the IE industry. Moreover, this is the first 

paper to apply the system GMM to investigate the relationship between OFDI in China and 

the ability of the parent firm to create value added per worker in the Taiwan IE industry. 

Furthermore, we show the different OFDI impacts on large firms and SMEs, as well as on 

labor intensive and non-intensive firms. The research results have important implications in 

OFDI policy.  
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Appendix 1. Statistical descriptions and variable definitions 

 

Variable Obs. Mean Sta. dev. Min. Max. 

Employment (person) b 6,922 4.50 0.69 0.43 6.77 

Labor productivity (NT$ million) c 6,406 1.09 1.57 -12.79 19.57 

Capital stocks per employee (NT$ million) d 6,890 1.77 2.25 0.002 19.96 

OFDI China stocks per employee (NT$ million) e 6,910 2.59 3.11 0 9.82 

Unskilled human capital indicator (ratio) f 6,471 0.31 0.26 0 0.97 

RD stocks per employee (NT$ million) g 6,743 0.86 1.90 0 62.76 

Export share (ratio) h  6,683 0.52 0.34 0 1 

China gains / Taiwan gains (ratio) i 6,911 0.005 0.45 -9.85 8.50 

Industrial growth rate (ratio) j 6,829 0.17 0.11 -0.14 0.37 

Sales gap (ratio) k  7,801 0.0002 0.08 -1 0.25 

R&D intensity (ratio) l 6,415 0.04 0.07 0 0.98 

Corp. income tax rate (ratio) m 6,129 0.11 0.12 0 0.98 

Labor intensive dummy n 6,413 0.46 0.50 0 1 

SME dummy o 6,909 0.44 0.50 0 1 

Firm age p 8,680 13.39 8.40 2 56 

Notes: 

a. The first year data of new establishments are deleted.  

b. Real employment, employment deflated by industrial average monthly hours worked. 

c. Real value-added / Real employment in the parent firm. Value-added are deflected by using industrial 

wholesale price index, 2001=100. Outliners above ±20 are eliminated. 

d. Gross fixed capital stocks / Real employment; gross fixed capital stocks are stocks at the end period in 

the Taiwan parent company and deflated by using fixed capital formation price index, 2001 = 100. 

e. Real OFDI in China stocks / Real employment; outliners with the number greater than NT$20 million per 

employee are deleted. OFDI China stocks are the net cumulated amount of OFDI in China deflated by 

fixed capital formation prices, 2001 = 100. For non-OFDI in China observations, the value is zero. 

f. Direct labor costs / Total labor compensation. 

g. Real RD stocks / Real employment; RD stocks are estimated by using the perpetual inventory model if a 

firm is older than 5 years old, otherwise they are the sum of annual R&D expenditures. Following the 

approach suggested by Griliches (1980), a 15 percent of depreciation rate is assumed for R&D stocks and 

the benchmark for the initial RD stocks is computed by using the formula: RDstocks0 = RDexpenditures1/ 

(g+0.15), where g is the average growth rate of available annual R&D expenditures. 

h. Export share = [ exports / (exports + sales in the Taiwan market)]  

i. (Profits earned from OFDI in China / the Taiwan parent company‘s net income before tax); outliners with 

values greater than ±20 were deleted.  

j. The growth rate of real industrial value-added.  

k. Sales gap = [(Actual sales / Trend sales). Sales are deflated by industrial wholesale prices and in the 

natural logarithm. Trend sales are computed by applying the Hodrick-Prescott filter. We use Sales gap 

rather than Output gap to capture demand fluctuations, because many firms do buy goods from others for 

sale and on the other hand, some firms reduce outputs because of outsourcing. 

l. R&D intensity = (R&D expenditures / sales). Some startups have very high R&D intensities in our data 

set. Outliners with value above 1 were deleted. 

m. Business income tax rates paid with adjustments of tax losses and gains of previous periods. 

n. A dummy variable with the (labor costs / sales) ratio greater than the median 8.14 percent of total 

observations equal 1, otherwise equal 0. 

o. Firms with employment less than 200 people equal 1, otherwise equal 0.  
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Appendix 2. Results of Granger non-causality test. 

 

Explanatory variable OFDI China‘s stocks per employee RD stocks per employee 

OFDI China‘s stocks per employee   

Lag 1 0.900(8.3)*** 0.177(0.8)  

Lag 2 0.086(0.8)  -0.172(0.9)  

Lag 3 0.001(0.0)  0.041(0.3)  

Lag 4 -0.033(0.5)  0.064(0.8)  

Labor productivity   

Lag 1 0.032(1.8)*  -0.193(2.9)*** 

Lag 2 -0.027(2.0)**  0.156(2.0)**  

Lag 3 0.005(0.3)  0.018(0.4)  

Lag 4 0.006(0.3)  0.064(0.8)  

RD stocks per employee   

Lag 1 

Lag 2 

Lag 3 

0.054(1.3)  1.278(5.4)*** 

Lag 2 -0.087(1.5)  -0.502(2.1)**  

Lag 3 -0.067(0.8)  0.029(0.1)  

Lag 4 0.117(1.3)  0.076(0.4)  

Granger causality statistic:   

Coef. of labor pro. lag1-lag4 = 0 F(4, 2620)=1.50(0.20) F(4, 2629)=2.16(0.07)* 

Coef. of RD st. per emp. lag1-lag4 = 0 F(4, 2620)=1.85(0.12)  

Coef. of OFDI Ch. per emp. lag1-lag4 = 0  F(4, 2629)=0.29(0.89)  

Total observations                  3,261  3,273 

R-sq. within 0.70  621  

Corr(ui, Xb)                            0.51  0.41 

Sigma u (the fixed effect error component) 0.38                  0.85 

Sigma e (the overall error component) 0.48                 1.04 

Rho (fraction of variance due to u) 0.38  0.40 

F test (d.f.) (23, 2620)=93.85*** (23, 2629)=66.29*** 

Notes: Firm specific dummy variables and year dummy variables from 1996 to 2006 are included in the 

estimations. The t-ratio is behind each coefficient within parentheses. For Granger causality statistic, P-values 

are in parentheses. *, ** and *** denote 10%, 5% and 1% of significant level, respectively. 
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Appendix 3. GMM results for 1998-2006 Dependent variable: labor productivity. 

 

Explanatory variable One-step system GMM   Long-run estimators 

 

OFDI and non-OFDI 

China firms 
(E) 

 OFDI China firms 

(F) 

OFDI and non-OFDI 

China firms 
(E) 

OFDI China 

firms 
(F) 

Labor productivity     

Lag 1 0.663(12.7)*** 0.748(13.3)***   

Capital stocks per employee 0.020(1.2)  0.026(0.9)  0.060(1.2)  0.10(0.9)  

OFDI China‘s stocks per emp. 0.382(4.1)*** 0.161(1.6)  -0.645(3.6)*** -0.451(2.2)**  

Lag 1 -0.599(4.6)*** -0.274(2.1)**    

Unskilled human capital  -0.454(2.9)*** -0.252(1.6)*  -1.348(3.4)*** -1.000(1.6)  

RD stocks per employee -0.591(3.3)*** -0.236(1.7)*  0.328(2.4)**  0.324(1.8)*  

Lag 1 0.702(3.7)*** 0.318(1.8)*    

China gains / Taiwan gains 0.007(0.3)  0.017(0.5)  0.021(0.3)  1.008(1.4)  

Lag 1  0.237(1.5)    

Industrial growth rates 0.862(4.0)*** 0.652(2.6)*** 2.560(3.5)*** 2.590(2.4)**  

Sales gap 2.556(2.2)**  1.26(1.8)*  7.589(2.1)**  5.018(1.7)*  

Export share 0.314(3.7)*** 0.164(2.0)**  0.933(3.9)*** 0.652(1.7)*  

Constant 0.160(1.8)*  0.120(0.9)  0.474(2.0)**  -0.475(0.9)  

2000 year dummy 0.028(0.5)  0.198(2.0)**    

2001 year dummy 0.022(0.3)  0.244(1.9)*    

2002 year dummy 0.122(1.9)*  0.321(2.6)***   

2003 year dummy 0.295(3.8)*** 0.412(3.5)***   

2004 year dummy 0.296(3.1)*** 0.447(3.7)***   

2005 year dummy 0.201(2.1)**  0.388(3.5)***   

2006 year dummy 0.464(4.2)*** 0.536(4.7)***   

Wald: Chi2(d.f.) (18)=675*** (19)=665***   

Hansen: Chi2(d.f.) (108)=124(0.14) (107)=119(0.21)   

Arellano-Bond AR(1) 1st dif.: z -7.45(0.00)*** -5.04(0.00)***   

Arellano-Bond AR(2) 1st dif.: z 0.19(0.85)  -0.47(0.64)    

F test     

R2     

Number of instruments 127           127   

Number of firms     646           507   

Number of observations 4,151        2,292   

Notes: Behind each coefficient is the t-ratio. *, ** and *** denote 10%, 5% and 1% of significant level, 

respectively. For a Hansen test of over-identification, Arellano-Bond AR(1) and AR(2) tests, P-values are in 

parentheses. In Columns (E) — (F), the lagged dependent variable, OFDI China stocks per employee, and RD 

stocks per employee are non-strictly exogenous variables as suggested by the data. Instrumental variables are 

used for these variables. 


