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1. Introduction 

Over the past 25 years, the driver of growth in Thailand has changed. During the late 

1980s, total factor productivity (TFP) growth in the manufacturing sector contributed little to 

the growth of the Thai economy. However, after the Plaza Accord
1
, several leading Japanese 

manufacturers relocated their production bases into Thailand along with other low-cost 

producing countries to benefit from low labor costs and abundant resources in the country. In 

the automobile sector, several large Japanese producers of motor vehicles, parts, and 

components are located in Thailand. These include Toyota, Nissan, Isuzu, Auto Alliance, 

Mitsubishi, Honda, and Denso. It has been argued that the production network benefits local 

firms through knowledge diffusion on production, design and production processes, and 

through technology transfers from industrialized to developing countries within the network. 

These help ensure improved productivity and production capabilities of local operators. Table 

1 suggests that there has been an improvement in overall TFP in Thailand. However, the 

growth tends to fluctuate much in recent years and to be smaller. Although at an aggregate or 

national level, TFP growth still contributes significantly to the growth of the Thai economy, it 

is often argued that the benefits tend to be concentrated in certain areas of the local economy, 

particularly in industrial promotion zones, resulting in labor migration and unequal 

development across the provinces of Thailand.  

In the face of growing global competition resulting from trade liberalization, the key 

question this study seeks to address is: How can Thailand better achieve sustainable 

economic growth and compete more effectively with other countries? 

 A review of literature shows that an important way of promoting sustainable 

economic growth is to improve industrial production processes and resource-efficient 

productivity of business firms in a country. A vast number of studies during the past few 

decades have investigated productivity differences across countries and over time to identify 

countries that grow faster than others. These studies have also determined the economy-wide 

factors that can help countries enjoy superior productivity growth. However, the study of 

productivity growth at an aggregate level may not tell the whole story, particularly for 

developing countries like Thailand, because not all firms in a country are strong performers. 

Thus the high average level of productivity growth can be driven mainly by only a small 

number of large firms. To ensure improvements in productivity and production capabilities of 

                                                            
1 An agreement made in 1985 by the United Sates (which initiated it), Germany, Japan, France, and the United 

Kingdom to work together to weaken the dollar’s exchange rate.  
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firms, it is important to first uncover the nature and characteristics of individual firms’ 

productivity rather than look at the aggregate level.  

Table 1:  Total Factor Productivity Growth of Thailand (1982-2007) 

 TFP Growth (%) 
Economic Growth 

 (%) 
 Agriculture Manufacturing All 

1982-1986 1.20 -0.40 -0.10 5.37 

1987-1991 1.20 -0.70 2.37 10.95 

1992-1996 -3.50 0.30 -0.09 8.09 

1997-2001 -1.00 -0.70 -1.74 -0.10 

2002-2006 -0.90 4.20 3.31 5.69 

2007 -0.40 2.40 2.12 4.75 

1982-2007 -0.60 0.60 0.80 6.00 

Source: Nararuk (2008) 

 There is also some macroeconomic evidence showing that the development of 

financial markets is strongly linked to the development of a country. Stylized facts that 

appear in the literature suggest that financial frictions can affect investment, research and 

development initiatives, and corporate spending at the microeconomic level, and prevent 

them from realizing gains from increasing productivity growth. Therefore, it is essential to 

examine whether the reduction of financial frictions through development of financial 

markets can be an appropriate mechanism to help stimulate productivity growth at the micro 

level, resulting in higher economic growth.  

The novelty of this study lies in two empirical dimensions. First, microeconomic data, 

not aggregate measures, is used to determine productivity differences across provinces. This 

will help us better understand the unequalizing consequences of growth. Second, this 

comprehensive study investigates the relationship between productivity, financial 

development, and innovation at the firm level, and the relationship between inequality, 

financial market development, and economic growth at the provincial level.  

 This study investigates three interrelated issues: a) the extent to which firm 

productivity varies across provinces in Thailand, b) the role of financial market development 

in mediating the effect of process innovation on firm productivity in Thailand, and c) the 

linkage between financial development, inequality, productivity, and economic development 

at the provincial level in Thailand.  
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The remainder of the paper is organized as follows: Section 2 provides literature 

review and looks into theoretical and empirical studies on the linkage between financial 

development, productivity, inequality, and economic development. Section 3 presents 

econometric specifications. Section 4 describes the data and its measurement, as well as 

descriptive statistics. Section 5 presents some preliminary results and main empirical findings 

about productivity differences across provinces, the role of financial development on firm 

productivity. It also discusses findings on the association between financial development, 

inequality, productivity and economic development. Conclusion and policy implications are 

provided in the last section. 

2. Literature Review 

The relationship between financial development and growth has been extensively 

debated in both theoretical and empirical strands of literature. On the theoretical side, the key 

role of financial instruments, financial markets, and financial institutions is to reduce the 

impacts of information, enforcement, and transaction costs. By reducing these costs, well-

developed financial markets should be able to influence savings, investment, technological 

innovations, and steady-state economic growth. On the empirical side, the examination of 

finance and growth relationship has been conducted using a cross-section analysis of firms, 

industry, and country-level data; time series analysis; and detailed case studies. The results of 

cross-country studies indicate which countries with better functioning financial institutions 

and markets tend to growth faster. The degree to which a country is bank- or market-based 

does not significantly matter. Based on industry and firm-level studies, financial development 

is vital to growth because better-functioning financial systems help ease the external 

financing constraints that impede productivity improvement and expansion of firms and 

industries. Finally, some of the country-level case studies focus on investigating the 

connection between local financial development and growth. 

Financial Development and Technological Catch-up  

A survey of the macroeconomics literature on endogenous economic growth shows a 

well-established empirical link between financial development and economic development 

(Sussman 1993, Harrison et al. 1999, Levine 2004). A number of channels through which the 

development of financial markets is seen to contribute to the economic growth have been 

suggested (see the survey of literature by Levine 2004). They include mobilization of savings, 

efficient use of resources, risk management facilitation, information channel, and corporate 
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control. However, this study tackles the role of financial markets in the efficient allocation of 

resources. In general, sound, well developed, and inclusive financial markets should allow 

firms and entrepreneurs to have the financial resources to invest in potentially growth-

enhancing activities such as research and development of new products and processes. In 

contrast, in the absence of financial markets, one may not have sufficient funds to invest in 

assets or projects that are more productive but financially non-liquid. 

Many studies show that multinational firms tend to be more productive than domestic 

firms. It has also been found that most countries, including Thailand, have formulated 

policies and strategies to attract sizable investments from foreign firms, which perhaps are 

expected to generate positive spillover effects on local industries. However, productivity 

differences between domestic and foreign firms are less likely to decline over time. This may 

suggest that certain factors prevent domestic firms from incorporating foreign direct 

investment best practices and technological advances into their operations. Frictions in 

financial markets are deemed particularly relevant to investment decisions. Financial frictions, 

for instance, can adversely affect investment spending and research and development 

activities of firms (Hall and Lerner 2009).  

Gorodnichenko and Schnitzer (2010) find that financial constraints restrain firms, 

especially domestic ones, to innovate and export, thereby failing to catch up to the technology 

frontier. Thus, if financial markets can provide individuals and firms with sufficient financial 

resources to invest in activities that help enhance innovation and improve business processes 

and management practices, the productivity of those firms should grow significantly (King 

and Levine 1993, Levine 1993, Benhabib and Spiegel 2000). Debla-Norris, Kersting and 

Verdier (2010) affirm the findings of earlier studies showing that innovation is crucial to firm 

productivity. However, its effects on productivity are mediated by the financial sector. 

Overall, this function of financial markets helps alter the rate of technological innovation 

(Romer 1990, Aghion and Howitt 1992), and thus reduces investment risk and volatility.  

According to Bencivenga and Smith (1993), financial intermediaries that improve 

corporate governance could help reduce credit rationing. This, in turn, leads to higher 

productivity, capital accumulation, and growth. De la Fuente and Marin (1996) use the model 

of product innovation to investigate theoretically the interaction between financial 

development and growth. Their analysis indicates that financial intermediaries emerge 

endogenously to avoid the duplication of monitoring activities and negotiate contracts with 

innovators. Their findings support a positive correlation between financial development and 
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growth. That is, since financial intermediaries undertake the costly process of monitoring 

activities, the credit allocation among competing technology producers is improved, resulting 

in higher growth. Hence, we present the following hypotheses: 

H1:  The level of local financial development promotes corporate productivity. 

H2:  The level of local financial development plays a mediating role in enhancing 

productivity through innovation. 

Financial Development and Growth 

This section discusses further the role of financial market development in promoting 

growth. It specifically addresses the financial market’s role in allocating resources, 

monitoring and exerting corporate governance, and mitigating the risks associated with 

individual projects, firms, industries, and countries. 

First, given the high costs incurred by market participants such households and firms in 

collecting and processing information on potential investments, capital utilization may not be 

optimized. By undertaking the costly process of researching investment opportunities for 

others, financial intermediaries could help reduce information costs and improve resource 

allocation, thus accelerating economic growth. Boyd and Prescott (1986) posit that financial 

intermediaries endogenously exist in equilibrium as the dominant vehicles for borrowing and 

lending, as the producers of information about investment projects, and as the issuers of 

claims. Financial intermediaries are considered part of an efficient arrangement. Greenwood 

and Jovanovic (1990) assert that financial intermediation promotes growth because financial 

intermediation allows a higher rate of return on capital. Economic growth in facilitates the 

implementation of costly financial structures.  

 Second, financial intermediaries also play an important role in monitoring firms and 

improving corporate governance. Without governance-enhancing financial arrangements, 

savings mobilization could be impeded by disparate agents, which in turn may prevent the 

flow of capital to profitable investments. From the theoretical stance, financial intermediaries 

may improve corporate governance. Diamond (1984) offers a theory of financial 

intermediation based on the need to minimize the cost of monitoring information. The 

financial intermediaries have gross cost advantage in collecting information because the 

alternative is either duplication of effort if each lender monitors directly, or a free-rider 

problem in which no lender monitors. According to his findings, financial intermediaries that 
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take on delegated monitoring can help economize on aggregate monitoring costs and 

eliminate the free-rider problem as they provide monitoring for all investors.  

 Third, in terms of risk diversification, financial systems allow agents to hold a 

diversified portfolio of innovative but risky projects and encourage more investments in 

growth-enhancing innovative projects (Acemoglu and Zilibotti 1997). By focusing on the 

inter-temporal risk-sharing role of financial intermediaries, Allen and Gale (1997) show that 

the long-lived financial intermediaries help facilitate intergenerational risk sharing by 

offering relatively low returns in boom times and relatively high returns during slack seasons. 

On the empirical front, research on financial development and growth across countries 

was spearheaded by King and Levine (1993), followed by Levine and Zervos (1998), Levine, 

Loayza and Beck (2000), and others. Using cross-country data, their studies suggest that 

financial development significantly influences economic growth. Instruments used in the 

studies of finance-growth nexus include the inflationary tendencies of the central bank, 

banking reserve requirements, components of securities law and financial regulations, and 

features of the judiciary system. Commonly used measures of financial development at the 

cross-country level include stock market capitalization to GDP and stock market turnover to 

GDP. However, these cross-country regressions have been plagued by omitted variables 

problems.  

Against this backdrop, some studies have been undertaken to reassess the finance-

growth relationship in a sample of subnational economies. Following are examples of the 

studies in this strand of literature, which investigate how the promotion of diffuse banking 

sector development across regions affects growth.  

 Since the early 1970s, 35 states in the United States have relaxed impediments to 

intra-state branching of banks. Jayaratne and Strahan (1996) investigated the relationship 

between bank branching law reform and growth, and found a positive relationship between 

these two components. By estimating the change in economic growth rates after the lifting of 

bank branching restrictions in the United States, they found that the intrastate branch banking 

reform leads to acceleration in the per capita growth rates through improvement in the quality 

of bank loans and the efficiency of capital allocation.  

To measure financial development at the local level, Guiso et al. (2004) rely on the 

theoretically sound notion that developed financial markets grant individuals and firms an 

easier access to external funds. Their focus is on the micro effects of financial development 

and on how micro effects translate into macro effects. Guiso et al. (2004) argue that if 
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financial development affects economic growth by facilitating the creation of new firms, then 

it is easy to become an entrepreneur in more financially developed areas, which should more 

new firms. Using regional data in Italy, Guiso et al. (2004) adhere to this argument. One of 

their results shows that, ceteris paribus, an individual’s probability of starting a business 

increases by 33 percent if he moves from the least financially developed region to the most 

financially developed one.  

 Kendall (2009) investigated the connection between banking sector development, 

human capital, and economic growth at the subnational level. Based on the results of his 

empirical analysis, the growth of many districts in India is financially constrained because of 

the lack of development in the banking sector. Moving from the 75
th

 percentile of credit-to-

net domestic production ratio to the 25
th

 percentile implies an average loss of 4 percent in 

growth during the 1990s, indicating that the gains from increased banking sector outreach 

may be large. However, the impact of financial constraint can be lessened by human capital 

deepening. 

 Using industry- and firm-level data in the analysis, Rajan and Zingales (1998) 

investigated whether industries that are naturally heavy users of external finance grow faster 

in economies with more developed financial systems. By including data from 36 industries in 

42 countries collected during the period 1980-1990, their empirical findings positively 

support their theory. Using industry-level analysis, Wurgler (2000) employed industrial data 

from 65 countries collated during the period 1963-1995 to measure the degree to which 

financial system reallocates credit flow. The results suggest that countries with higher levels 

of financial development are more inclined to increase investment in growing industries and 

decrease investment in declining industries compared with financially underdeveloped 

countries. Demirguc-Kunt and Maksimovic’s firm-level analysis (1998) utilized  data from 

30 countries for the period 1980-1991 to examine whether financial development has any 

impact on the extent to which firms are constrained from investing in profitable growth 

opportunities. Banking system development and stock market liquidity have been found to be 

positively associated with the excess growth of firms. Love (2003) undertook a firm-level 

analysis based on data from 40 countries for the years 1988-1998 to examine whether 

financial development improves firms’ financing constraints. The results indicate that 

sensitivity of investment to internal funds is greater in countries with poorly developed 

financial systems. With improvement in the level of financial development, the connection 
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between availability of internal funds and investment is reduced. Overall, as better financial 

markets help mobilize savings and allocate resources to efficient firms, it is expected that: 

H3:  The level of local financial development plays an important role in boosting provincial 

economic development. 

Financial Development, Inequality, and Growth 

Although there have been extensive studies about the effects of financial 

development—which generally indicate that financial development increases economic 

growth—there seems to be no clear correlation between finance and inequality and between 

inequality and growth.  

With respect to the role of finance on inequality, earlier studies have shown that finance 

affects poverty and inequality. For example, Beck et al. (2007) and Li et al. (1998) found that 

financial development disproportionately drives up the income of the poor and also reduces 

income inequality. Dollar and Kraay (2002) affirmed only the impact of financial 

development on the income growth of the poor. Some explanation on how finance can 

alleviate inequality may be drawn from the theoretical work of Galor and Zeira (1993). The 

authors suggest that—given the poor entrepreneurs’ lack of collateral and credit 

background—even if the poor’s prospects are promising, they may receive only little 

financial support from financial markets due to market imperfections arising from 

information asymmetries, contract enforcement, and transaction costs. Thus, the poor remain 

poor and inequality persists. Promoting better resource allocation, relaxing financial 

constraints, and increasing the poor’s credit access can help reduce poverty and inequality 

while raising the income of the poor.  

But findings from the theoretical studies of Bourginon and Verdier (2000) show that 

financial development may only benefit the rich, not the poor. Further evidence can be drawn 

by analyzing wage inequality. Although income inequality is a more comprehensive concept 

than wage inequality, wage is a major source of income, especially for the poor. Therefore, 

the change in household income inequality has been driven by changes in the distribution of 

wages and salaries. Recent evidence suggests that skilled-unskilled wage differential has been 

widening. Jerzmanowski and Nabar (2008) said financial market development has 

significantly contributed to the rise in the skill premium and wage inequality in the U.S. since 

the 1980s. At the firm level, the rise in wage inequality is better explained by increasing 

dispersion in firm productivity (Faggio 2007). 
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In addition, several studies show that the relationship between finance and equality is 

not linear. At the early stage of a country’s economic development, the rich are expected to 

have better access to financial markets. As the economy and financial system grow, 

inequality rises. But when a country reaches a higher level of economic development, more 

people are likely to gain access to the growing financial markets. Therefore, inequality can be 

alleviated (Greenwood and Jovanovic 1990). Kuznets (1955) proposed that the relationship 

between economic development and income inequality is likely to have an inverse U-shape, 

that is, there is an increasing inequality during the initial take-off toward a modern economy 

and there is greater equality as a country becomes more developed. Several studies, including 

Williamson (1965), confirm this assertion, suggesting that regional disparity increases in the 

early stages of economic development whereas it tends to shrink in later stages. 

Still on the relationship between inequality and growth, Knowles (2001) shows that 

inequality can be detrimental to economic growth in four different ways. First, an unequal 

distribution of income will exert pressure on redistribution by distorting taxes, thereby 

reducing growth. Second, inequality may lead to socio-political instability, which in turn will 

reduce investment and growth. Third, in the presence of imperfect capital markets, inequality 

will reduce investment in human capital development, which will inversely affect economic 

growth. Lastly, as inequality increases, there is a great likelihood that fertility will rise and 

human capital investment will fall, resulting in declining economic growth.  

However, other studies argue that inequality is not totally bad. Based on studies on the 

link between pay structure and firm performance, two lines of thought emerge with opposing 

predictions on such a relationship. On the positive side, Lazear and Rosen (1981) proposed a 

tournament theory, which supports a positive association between wage dispersion and firm 

performance. The theory states that the larger the difference between possible future job and 

current job, the greater the workers will put more effort into their work. Increased effort 

should be beneficial to firms and to the economy as a whole. On the contrary, higher wage 

dispersion will adversely affect the workers’ effort. Based on the framework on fair wage and 

effort, the extent to which workers have heterogeneous views about fair wage will determine 

their heterogeneous efforts in response to their views of fair wage (Akerlof and Yellen 1988). 

Our firm-level study focuses on wage inequality and dispersion rather than income 

inequality, and investigates the relationship between local financial market development and 

dispersion in wage inequality and between dispersion in wage inequality and growth. In this 

regard, we present the following hypotheses: 
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H4:  The level of local financial market development contributes to the rise in wage 

inequality dispersion at the provincial level.   

H5:  Wage inequality dispersion has a nonlinear impact on provincial economic 

development. 

Table presents a summary of literature review on selected empirical studies. 

Table 2: Literature Review on Selected Empirical Studies 

Publication 
Type of data used for analysis 

and year studied 

Main findings on 

issues discussed earlier 

Financial development and economic growth: 

Dermiguc-Kunt 

and Maksimovic 

(1998) 

Firm-level data across countries 

(30 countries over 1980-1991) 

An active stock market and a well-developed legal 

system are important in facilitating the growth of 

externally financed firms. 

Guiso et al 

(2004) 

Individual-, firm-, and province-

level data in Italy 

Better local financial development enhances the 

probability that an individual starts his/her own 

business, increases industrial competition, and 

promotes the growth of firms. 

Jayaratne and 

Strahan (1996) 

U.S state data 

(35 states from 1972 to 1992) 

The improvement in banking market openness 

through state-level branching reform helps accelerate 

annual economic growth rate by 0.51 to 1.19 

percentage points a year after deregulation. 

Kendall (2009) 

District-level data in India 

(2009 districts across 9 states for 

the periods 1991-1992 and 2000-

2001) 

Low banking sector development constrains the 

growth of districts in India. 

King and Levine 

(1993) 

Country-level data 

(80 countries from 1960 to 1989) 

Higher levels of financial development are positively 

related to faster rates of economic growth, physical 

capital accumulation, and economic efficiency 

improvements. 

Levine and 

Zervos (1998) 

Country-level data 

(49 countries from 1976 to1993) 

Stock market liquidity and banking development are 

both positively and robustly correlated with 

contemporaneous and future rates of economic 

growth, capital accumulation, and productivity 

growth. 

Love (2003) 

Firm-level data across countries 

(7,000 firms in 40 countries from 

1988 to 1998) 

Financial development decreases the sensitivity of 

investment to availability of internal funds. 

Rajan and 

Zingales (1998) 

Industry-level data 

(36 industries in 42 countries 

during the period 1980-1990) 

The ex-ante development of financial markets 

facilitates the ex-post growth of sectors, partly due to 

the reduction in the cost of external finance to 

financially dependent firms. 

Wurgler (2000) 

Industry-level data across countries 

(28 industries in 65 countries from 

1963 to 1995) 

 

Developed financial markets are associated with a 

better allocation of capital, that is, countries with a 

higher level of financial development increase 

investment in growing industries and decrease 

investment in declining industries 
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Publication 
Type of data used for analysis 

and year studied 

Main findings on 

issues discussed earlier 

Financial development and productivity: 

Benhabib and 

Spiegel (2000) 

Country-level data 

(4 countries from 1965 to1985) 

Total factor productivity growth and factor 

accumulation are stimulated by financial 

development. 

Debla-Norris, 

Kersting and 

Verdier (2010) 

Firm-level data across countries 

(14,000 firms in 63 countries) 

The positive impact of innovation on productivity is 

significantly larger in countries with well-developed 

financial markets. 

Gorodnichenko 

and Schnitzer 

(2010) 

Firm-level data across countries 

(6,500 firms in 2002 and 7,900 

firms in 2005 in 27 countries) 

Financial frictions constitute one potential 

microeconomic channel restraining macroeconomic 

productivity and growth by adversely affecting 

innovation. 

Levine, Loayza 

and Beck (2000) 

Country-level data 

(74 countries from 1960 to1995) 

There is a positive association between finance and 

growth, mainly due to growth influencing financial 

development. In addition, legal and accounting 

reforms can help boost financial development and 

economic growth. 

Financial development, inequality and growth: 

Beck, Dermiguc-

Kunt and Levine 

(2007) 

Country-level data 

(52 countries) 

Financial development alleviates poverty by boosting 

growth and reducing income inequality. 

Dollar and Kraay 

(2002) 

Country-level data 

(137 countries from 1950 to 1999) 

Average incomes of the poorest fifth of society 

increase proportionately with average incomes. 

Sound rule of law, openness to international trade 

and developed financial markets have little effect on 

the share of income that accrues to the bottom 

quintile. 

Li, Squire and 

Zou(1998) 

Country-level data 

(49 countries from 1947 to 1994) 

Better-functioning financial markets are strongly 

related with lower income inequality. 

 

3. Econometric Specification 

Firstly, this study explores in detail the variations in firm productivity across 

provinces in Thailand using data obtained from the 2007 Industrial Census compiled by the 

National Statistics Office of Thailand. The main purpose of measuring TFP is to roughly 

examine the extent to which firm productivity varies across provinces in Thailand. To begin 

with, this study assumes that a firm uses capital (K), labor (L), and intermediate inputs (M) to 

produce output Y which is shown via a general production function F: 

              , (1) 

where A is the level of technology or total factor productivity (TFP). In this study, the 

production function is assumed to follow the Cobb-Douglas form with         : 

         
    

    
  , (2) 
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where Yi is a measure of output (value added) of firm i, and Ki, Li, and Mi represent the value 

of tangible fixed assets, the number of skill, unskilled, and other salaried employees, and the 

total value of intermediate inputs with shares K, L and M, respectively. Ai stands for TFP 

of firm i, representing the shift in production function. Taking the logarithm on both sides of 

equation (2) and rearranging the equation, we derive the linear estimation of TFP for each 

individual firm, where the coefficients K, L, and M are obtained by estimating the above 

Cobb-Douglas production function using the cross-section data of manufacturing firms. Thus 

                                                   (3) 

This study initially uses the estimated TFP of individual firms to compare across 

firms by applying the propensity score matching method, which determines whether firms 

with process innovation perform better than firms without process innovation.
2
 

 Secondly, to examine the role of financial market development in mediating the effect 

of process innovation on firm productivity, this study uses a basic analysis framework by 

starting with the Cobb-Douglas production, as shown in equation (2). Dividing equation (2) 

by   
  , and then taking the natural logarithm on both sides of the equation, we obtain 

    
  

  
             

  

  
                     ,  (4) 

where the dependent variable represents the labor productivity of firm i which is measured by 

the output (value added) per worker. The first term on the right-hand side of equation (4) is 

TFP; the second term represents capital-labor ratio; the third and last terms are total capital 

and intermediate inputs of firm i. However, according to the literature, the level of TFP is 

influenced and determined by other factors such as human capital, research and development 

(R&D), the level of foreign direct investment (FDI), and the level of financial market 

development (FMD).  

                                                        (5) 

Substituting equation (5) into (4), we get  

    
  

  
             

  

  
                                         

                       (6) 
                                                            
2  Technically, the sample is divided into two subgroups: a group of firms with process innovation (treated 

firms) and a group of similar firms without process innovation (control firms), which represents the 

counterfactual of the treated group. By constructing a group of untreated (control) firms, we get some rough idea 

about the effect of having process innovation on a firm’s outcomes such labor productivity, TFP, employment, 

revenues, and exports. 
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Human capital (HC) represents the role of human capital formation and the quality of labor 

inputs, and is measured by the percentage of skilled employees in the workforce of firm i 

while R&D reflects the firm’s innovative efforts to develop new products and processes. It is 

expressed by two alternative variables—a dummy variable for the presence of R&D activities 

and the amount of R&D expenditure. A dummy variable for the presence of FDI in a firm is 

used to capture the possibility of spillover effects of multinational enterprises. The level of 

FMD is measured using financial inclusion concept and is expected to have a positive impact 

on firm productivity. As financial markets are better developed, firms will have more 

opportunities to gain access to financial resources and have financial slacks for investing in 

growth enhancing activities. 

This study also includes a vector of control variables that cover the relative size of a 

firm, which is defined as the gross output divided by the total gross output of the sector in 

which the firm operates. Both relative size and FDI variables are expected to capture the 

firm’s potential to gain access to financial sources elsewhere rather than relying on the local 

financial market. The Herfindahl index is constructed as a proxy for industry concentration, 

using the industrial census at the four-digit level of the Thailand Standard Industrial 

Classification (TSIC). According to Javorcik (2004), the index helps separate the effects of 

changes in the market structure from knowledge spillovers. Skilled operatives refer to 

workers in production line who have been trained for at least three months, or who have at 

least five years of work experience in a specified area. This variable is included as a proxy for 

human capital. A firm with more workers with greater specialization and more professional 

experience should be able to absorb knowledge and technical knowhow more efficiently and 

thus increase company productivity. All regressions include industry and regional dummies 

to capture various industry and location-specific factors, and are estimated using the ordinary 

least square method with robust standard errors.  

While the central focus of this paper is to examine the role of financial development 

in mediating the effect of process innovation on firm productivity, it also covers the 

interaction between FMD and R&D in the regression model. The level of FMD is expected to 

have both a direct and indirect impact on firm productivity—the latter manifesting in 

significant R&D on productivity. 

 Thirdly, we estimate simultaneous equations to analyze the linkage between financial 

development, inequality, and economic development at the provincial level. To investigate 

the relationship between growth and financial development, we follow the framework 
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developed by Kower (2002), which takes into account the role of institutional innovation in 

the attainment of modern economic growth. Better development in the financial market is 

considered to be an important element in efforts to overcome market frictions associated with 

the funding of the creation of new projects or new institutional arrangements. Overall, we 

estimate the following reduced form equations simultaneously:  

                                        
               (7) 

                                         , (8) 

                                      , (9) 

where GPPp stands for real gross provincial product (GPP) per capita in manufacturing in 

province p; GPP0 is initial real GPP per capita in manufacturing in 2006; FMD is the level of 

financial market development; WD and PD are, respectively, standard deviation of wage 

inequality as proxy for wage dispersion and of productivity estimates as proxy for 

productivity dispersion, calculated using the firm-level data from the 1997 Industrial Census; 

EDU is average schooling years; DEPTH is the ratio of deposits and loans to GPP; and INF is 

average inflation rate. All variables are in natural logarithm form. In addition, all variables, 

except initial real GPP per capita, education, wage and productivity dispersion, are averaged 

over 2006-2009. Note that due to limited R&D data at the provincial level, this study is not 

able to analyze and bridge the direct link between financial sector development and 

innovation at the provincial level. However, this study uses wage inequality to partly reflect 

the increased demand for higher skills and the rise in capital-embodied technology. Krusell et 

al. (2000) suggest that the acceleration in the speed of embodied technical change induces a 

surge in the demand for equipment, and when equipment is complementary in production 

with skilled labor, inequality rises. In sum, based on the review of past studies cited in 

Section 2, it is expected that financial market development should have a positive impact on 

economic development and wage dispersion whereas wage dispersion that rises to a certain 

level should have a positive impact on economic development. The three-stage least squares 

regression technique is used to perform an empirical exercise. 

4. Data and Measurement 

This study mainly focuses on examining the impact of financial development on 

economic growth, productivity, and inequality by using a data set of 76 provinces in 

Thailand. However, due to limited data for the analysis of province-level productivity, this 
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study conducts only a cross-section analysis of the relevant data corresponding to 2006. This 

year was selected because it has a comprehensive data on Thai manufacturing firms surveyed 

in 2006, the results of which comprised the 2007 industrial census by the National Statistical 

Office (NSO). Although we realize there are econometric issues arising from firm-specific 

differences, there are no alternative sources that provide a comprehensive panel data set to be 

used in the analysis. The data used in the analysis are compiled from four primary data sets, 

namely, the GPP from the National Economic and Social Development Board (NESDB), the 

2007 Industrial Census, the Household Socio-Economic Survey, and regional economic and 

financial statistics compiled by the Bank of Thailand.  

 For the 2007 Industrial Census, the plant-level data that contain detailed information 

on gross output, revenues, intermediate and administrative expenses, employment and 

remuneration, foreign ownership, and other operating information of Thai manufacturing 

firms in 2006 are used to estimate each individual firm’s productivity and relevant indicators. 

The census is normally conducted once in every 10 years by the NSO. This data set contains 

73,931 observations of manufacturing plants, belonging to 127 four-digit industries under the 

TSIC.  

However, the data are screened to include only firms for which there are complete 

sets of information. To clean up the data, we eliminate the observations with missing and 

unrealistic information such as negative value added, or report exceptionally low value in 

terms of total revenues, total intermediate expenses, total fixed assets at the beginning of the 

year, and number of workers. In addition, we find that this set of survey data also consists of 

duplicate records, which could be a result of some plants belonging to the same firm 

responding to the questionnaire. To identify and discard these such duplications, we look for 

records reporting the same value of the following key variables: gross output, total revenues, 

total intermediate expenses, total administrative expenses, earnings before interest and tax, 

fixed assets at the beginning and end of the year, and total remuneration paid by the firm. The 

number of observations is eventually reduced to 28,316.
3
 (For more detail about the 

distribution of the sample by province and input-output sector, please see Appendices 1 and 

2, respectively.) Overall, total value added of firms in the sample accounts for nearly 57.45 

percent of the total value added in the manufacturing sector reported by the NESDB, while 

                                                            
3  Due to the survey design of the Industry Census, it is not possible to identify if data or information collected 

from the survey was reported as consolidated or plant-based figures. However, we can use registration 

identification numbers to partly, but not entirely, resolve his issue. In addition, after looking into the data, it 

turns out that such data contain several duplicate or near-duplicate records. For each set of duplicates, this study 

thus retains only the record with complete data and eliminates all other records. 
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the total number of employees in the sample accounts for 44.51 percent of what the 2006 

Labor Force Survey reported. About 13.4 percent of the sample firms received investment 

promotion privileges. Firms that engage in product and process innovation activities account 

for just around seven percent of the whole sample firms and on average spend only 2.3 

percent of the firms’ total cost. Skilled employees account for almost 42 percent of all 

employees in a firm. For more information, please see Appendix 1, which presents 

descriptive statistics of various variables used in the analysis. 

With respect to other provincial level data which are collected from three main 

sources as mentioned above, the GPP obtained from the NESDB is employed to compute the 

real GPP per capita for each province while regional economic and financial statistics 

compiled by the Bank of Thailand is used to compute the level of financial market 

development. For inequality variables, the dispersion is computed using the firm-level data 

described above. The measures of two important variables are explained in detail in the 

following section. They include financial market development (FMD) and wage inequality 

dispersion (WD).  

First, the FMD is constructed to capture several dimensions of an inclusive financial 

system, which is recognized to help facilitate efficient allocation of productive sources and 

reduce the use of informal sources of credit, which are often considered to be exploitative and 

socially undesirable. Sarma (2000) considers three basic dimensions of an inclusive financial 

system, namely, banking penetration, availability of the banking services, and utilization of 

the banking system. However, due to incomplete data, only the indicators for the last two 

groups are used to construct the index. They include the number of bank branches per 1,000 

people as indicator of availability of the banking services, the value of deposit and credit as 

proportion of GPP (DEPTH), and the value of deposit and credit per 1,000 individuals as an 

indicator of the utilization of the banking system. Equal weights are assumed as the indicators 

are of relatively equal importance. Although the indicators are not necessarily equally 

important, they are not grossly different. The financial inclusion index for each province p is 

computed as: 

        
        

     
     

  

 
 
   

 
, (10) 

where Vd, md, Xd and wd are, respectively, the actual value of dimension d, minimum value 

of dimension d, maximum value of dimension d, and weights assigned to dimension d. Index 
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value is between 0 and 1, where the value of 1 represents complete financial inclusion and the 

value of 0 indicates complete financial exclusion.  

Second, this study, utilizing cleaned sample data from the 2007 Industrial census, 

computes wage inequality in each firm in the sample as the ratio of the average wage of non-

operative workers to the average wage of operative workers. The standard deviation of 

computed within-firm wage inequalities of all firms in each province is computed to measure 

dispersion in wage inequality (WD) for each of the 76 provinces.  

5. Empirical Findings 

Productivity Differences among Provinces 

 To compare the TFP level and productivity difference of Thai manufacturing firms, 

this study first estimates the firms’ TFP in each province using equation (3). However, the 

presentation of estimated TFP is expressed in relative terms by dividing the average TFP 

level of firms in each province by either the average TFP of firms in Bangkok, the average 

TFP of firms which do not carry out R&D activities, or the average TFP of firms in which 

foreign owners have less than 10 percent equity shareholding as reference. 

 The overall estimation results in Table 3 show that the average Thai manufacturing 

firms in about 90 percent of all provinces in 2006 had lower TFP levels than Bangkok. These 

provinces include Ayuthaya, where there are industrial estates that house several leading 

manufacturers in automotive and electronics clusters; Samut Prakan, which is host to 

manufacturers in various types of industries such as textile and apparel, electronics and 

vehicle parts; Chiang Rai, where there are several big economic players in the cement 

industry, mineral and ceramic production; Ranong, where business enterprises are in the field 

of food preserving and processing, ship building and repairing, among others. By splitting the 

sample into two groups—firms that engaged and did not engage in R&D activities—the 

results indicate that the former were likely to have higher productivity than the latter.
4
 In 

addition, the relative dispersion of firm productivity is quite high for firms conducting R&D.  

 

                                                            
4 When compared with Bangkok, there are few unusual cases in which certain provinces had higher 

productivity. Take Phitsanulok as an example. The Phitsanulok-Bangkok relative TFP is quite high for firms 

that engaged in R&D activities. Although it exceeds expectations, the spending on R&D activities may be an 

important driver of better TFP. Findings show that the ratio of R&D expenses to total cost of firms in 

Phitsanulok on average was higher than that in Bangkok. The firms that engaged in process improvement 

activities were mainly in the production sectors such as animal feed, mineral and non-alcoholic drinks, 

agricultural machinery and equipment like rice reaper and rice thresher, petroleum products, and concrete and 

cement products.  
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Table 3:  Average Level of TFP of Manufacturing Firms with R&D Activities by Region 

Region Province Obs. 
Without 

R&D 

With 

R&D 
All 

BKK & Vicinities BANGKOK  6,878 1.0000 1.0000 1.0000 

BKK & Vicinities SAMUT PRAKAN 2,594 1.0272 1.0291 1.0226 

BKK & Vicinities PATHUM THANI 963 0.8577 0.7632 0.8289 

BKK & Vicinities SAMUT SAKHON 1,435 0.9552 0.9426 0.9460 

BKK & Vicinities NAKHON PATHOM 971 0.9901 0.9509 0.9746 

BKK & Vicinities NONTHABURI 518 1.0071 0.6064 0.9706 

Central SARABURI 351 0.8658 0.7257 0.8224 

Central SINGBURI 185 0.9799 0.8851 0.9536 

Central CHAI NAT 105 1.0036 0.7087 0.9241 

Central ANG TONG 128 0.9313 0.6379 0.8502 

Central LOP BURI 223 0.7588 1.2358 0.8301 

Central AYUTHAYA 624 0.9773 1.1872 1.0153 

East CHON BURI 882 0.9821 0.9571 0.9721 

East CHACHOENGSAO 395 1.0062 1.1286 0.9993 

East RAYONG 336 0.9868 0.8925 0.9579 

East TRAT 49 0.8547 0.8911 0.8426 

East CHANTHABURI 135 0.7316 1.0990 0.7296 

East NAKHON NAYOK 113 0.8516 0.8352 0.8345 

East PRACHIN BURI 173 0.9519 0.4703 0.8966 

East SA KEAW 85 0.8063 0.8763 0.7915 

North CHIANG MAI 750 0.9879 0.7691 0.9411 

North LAMPANG 399 1.0122 0.8068 0.9757 

North UTTARADIT 102 0.9987 1.4578 1.0089 

North MAE HONG SON* 20 0.9603 n.a. 0.9406 

North CHIANG RAI 369 0.9102 1.6305 1.0194 

North PHRAE* 223 0.8829 n.a. 0.8648 

North LAMPHUN 447 0.8614 1.0355 0.8645 

North NAN 81 1.0971 0.1944 0.9508 

North PHAYAO 105 0.9195 0.8766 0.9041 

North NAKHON SAWAN 308 1.0362 0.3729 0.9545 

North PHITSANULOK 203 0.4299 1.0624 0.4625 

North KAM PHAENG PHET 150 1.0462 0.2798 0.9149 

North UTHAI THANI* 52 0.8874 n.a. 0.8692 

North SUKHOTHAI 160 1.0003 0.8763 0.9725 

North TAK 154 0.8503 0.9375 0.8333 

North PHICHIT 144 0.9328 1.2178 0.9157 

North PHETCHABUN 118 1.0214 0.8234 0.9868 

Northeast KHON KAEN 451 0.9150 0.8348 0.8927 

Northeast UDON THANI 235 0.9405 0.5797 0.8242 

Northeast LOEI* 103 0.9610 n.a. 0.9413 

Northeast NONG KHAI 120 0.9875 0.8763 0.9620 

Northeast MUKDAHAN 64 0.9401 0.8763 0.9201 

Northeast NAKHON PHANOM* 112 0.9850 n.a. 0.9648 

Northeast SAKON NAKHON* 138 0.9525 n.a. 0.9330 

Northeast KALASIN 177 0.7600 1.2975 0.8467 
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Region Province Obs. 
Without 

R&D 

With 

R&D 
All 

Northeast NAKHON RATCHASIMA 508 0.8233 1.0400 0.8528 

Northeast CHAIYAPHUM 170 0.9642 1.1259 0.9932 

Northeast YASOTHON* 126 0.5288 n.a. 0.5180 

Northeast UBON RATCHATHANI 243 0.8940 0.9437 0.8831 

Northeast ROI ET 254 0.8750 1.1682 0.9119 

Northeast BURIRAM 147 0.7846 0.2399 0.7674 

Northeast SURIN 203 0.9449 1.9988 0.9599 

Northeast MAHA SARAKHAM 174 0.8528 0.6873 0.8349 

Northeast SI SA KET 134 0.9907 0.9087 0.9701 

Northeast NONG BUA LAM PHU* 49 0.9495 n.a. 0.9300 

Northeast AM NAT CHAREON* 75 0.9054 n.a. 0.8868 

South PHUKET 153 1.0370 0.7869 1.0098 

South SURAT THANI 251 1.0122 0.3227 0.9243 

South RANONG 103 1.1796 n.a. 1.1554 

South PHANGNGA 89 0.9136 0.5521 0.8885 

South KRABI 124 1.0374 0.1449 0.8197 

South CHUMPHON 144 0.8179 0.6081 0.7628 

South NAKHON SI THAMMARAT 343 0.9156 0.8846 0.8996 

South SONGKHLA 420 0.9703 0.6115 0.9386 

South SATUN 61 0.7870 1.3583 0.8421 

South YALA 81 0.8422 1.4340 0.8509 

South TRANG 179 0.8679 1.2297 0.9021 

South NARATHIWAT* 102 0.9860 n.a. 0.9658 

South PHATTHALUNG 122 0.9574 0.6343 0.9113 

South PATTANI 159 0.9331 0.8717 0.9140 

West RATCHABURI 552 0.9056 0.9271 0.8945 

West KACHANABURI 311 0.9107 0.8795 0.9011 

West PHACHUAP KHIRI KHAN 134 0.8050 1.1323 0.9826 

West PHETCHABURI 161 1.1722 0.7600 1.0812 

West SUPHAN BURI 337 0.8580 1.0526 0.8825 

West SAMUT SONGKHRAM 156 0.9916 0.7591 0.9166 

Standard deviation  0.1142 0.3336 0.1004 

Coefficient of variation  0.1235 0.3759 0.1110 

Note:  * Based on the cleaned data set, no plants had spending on process improvement in such provinces as 

Mae Hong Son, Loei, Sakon Nakhon, Yasothon, Nong Bua Lam Phu, Amnat Chareon, among others. 

Analysis of the current economic structure of these provinces shows that the provinces’ economy 

consists predominantly of agriculture, wholesale, and retail trade. They are not the centers of 

manufacturing or high-technology production. 

Source: Author’s computation based on the 2007 Industrial Census 

 Next, by grouping provinces into seven main areas, including Bangkok and its 

vicinities, and computing the average regional level of TFP based on weighted average basis 

by using the number of workers as weights, Table 4 shows that in all regions except the 

South, firms with R&D spending on average had higher TFP compared with those without 

R&D. To investigate further whether the presence of foreign investors in a firm has a positive 
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effect on firm productivity, we divide the sample into two groups, that is, firms with more 

than 10 percent foreign equity shareholding and those with less than this proportion. Findings 

show that in all areas except the South, the firms that engaged in R&D and had foreign 

investors holding more than 10 percent of total equity shares on average had higher 

productivity than domestically owned firms that did not engage in R&D (Table 5). Based on 

the results presented in Tables 4 and 5, firms in the South, which on average had relatively 

low productivity, seem to face some difficulties. It was further revealed that the low weighted 

average TFP level for the South was driven largely by a large producer of rubber products for 

export. This rubber product-exporting firm was large in size (based on number of 

employees). But the firm suffered huge losses, probably as a result of a substantial decline in 

the price of rubber in 2006. Despite investing 4 percent of total revenue in R&D activities, 

the firm still performed poorly under such an unfavorable market condition.  

Table 4: Average Level of TFP of Manufacturing Firms with R&D Activities by Region 

By Area 
Number of 

provinces/Observations 

Average TFP of firms with R&D 

activities relative to firms without R&D 

Bangkok & Vicinities  6 provinces/13,332 obs. 1.0455 

Central  6 provinces/1,608 obs. 1.1712 

East 8 provinces/2,165 obs. 1.0255 

West  6 provinces/1,650 1.1559 

North  17 provinces/3,774 obs. 1.0295 

Northeast  19 provinces/3,463 obs. 1.2061 

South  14 provinces/2,324 obs. 0.7289 

Grand Total  76 provinces/28,316 obs. 1.0706 

Source: Author’s computation based on the 2007 Industrial Census 

Overall, the results present a positive link between investment in R&D activities and 

the presence of foreign investors in a firm where enhancing company productivity is 

concerned. The Thai automotive industry is a case in point. The investment by foreign auto 

manufacturers in the industry took several forms such as wholly owned subsidiaries and joint 

ventures with local firms. This brings about opportunities for local parts suppliers and foreign 

affiliates in Thailand to benefit from the transfer and diffusion of technology and from 

production, marketing, and management knowhow offered by foreign multinationals (Fujita 

1997; Techamanont 2007; Vorasowharid 2007).  
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Table 5: Average Level of TFP of Manufacturing Firms with R&D and Foreign 

Ownership by Region 

By area 

Average TFP of firms relative to firms  

without foreign presence and R&D 

Firms without foreign presence Firms with foreign presence 

Without R&D With R&D Without R&D With R&D 

Bangkok & Vicinities  

(6 provinces/13,332 obs.) 
1.000 1.0557 1.0029 1.0308 

Central  

(6 provinces/1,608 obs.)  
1.000 1.1331 1.0203 1.3837 

East 

(8 provinces/2,165 obs.) 
1.000 1.0673 1.0173 1.0095 

West  

(6 provinces/1,650) 
1.000 0.9500 0.9441 1.6038 

North  

(17 provinces/3,774 obs.) 
1.000 0.7052 0.7702 1.3636 

Northeast  

(19 provinces/3,463 obs.) 
1.000 1.1298 0.7991 1.2061 

South  

(14 provinces/2,324 obs.) 
1.000 0.8003 0.5978 0.2090 

Grand Total  

(76 provinces/28,316 obs.) 
1.000 1.0483 0.9598 1.0742 

Source: Author’s computation based on the 2007 Industrial Census 

 

Role of Product and Process Innovation 

This section initially provides descriptive statistics for selected indicators of sample 

firms by comparing mean differences between firms that spent on R&D activities to develop 

new products or improve process innovation, and firms that spent nothing on R&D. The 

mean differences are tested using t-test with Welch-type modification for unequal variances.  

There are 28,316 observations in the sample, out of which about 7 percent comprise 

firms that had R&D activities. In general, the firms that performed R&D activities were 

larger in size in terms of workforce and total capital, and on average stayed in business about 

five years longer than the firms that did not undertake R&D activities. The former also had 

higher labor productivity and TFP level (see Table 6). Since R&D activities are likely to 

require technical skills, the firms that engaged in R&D had more skilled employees, who had 

the technical and educational qualifications necessary to support their production lines with 

advanced production technology and to be successful in the development of new products 

and improvement of production processes. 
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Table 6:  Descriptive Statistics for Firms Surveyed in the 2007 Industrial Census 

 No. of plants Mean Std. Dev. Difference 

Ln (Value added per worker):     

 - Firms with R&D activities 1,911 12.90 1.05 1.01*** 

 - Firms without R&D activities 26,405 11.90 1.22  

Ln (Average fixed assets):     

 - Firms with R&D activities 1,911 17.48 2.06 2.30*** 

 - Firms without R&D activities 26,405 15.18 2.07  

TFP estimates:     

 - Firms with R&D activities 1,911 0.097 0.017 0.10*** 

 - Firms without R&D activities 26,405 -0.007 0.004  

Number of Years in Operation:     

 - Firms with R&D activities 1,911 16.80 11.69 4.26*** 

 - Firms without R&D activities 26,405 12.54 9.82  

Number of Employees:     

 - Firms with R&D activities 1,911 269.42 569.67 196.16*** 

 - Firms without R&D activities 26,405 73.26 272.01  

% of Skilled Employees:     

 - Firms with R&D activities 1,911 47.77 35.14 6.33*** 

 - Firms without R&D activities 26,405 41.44 39.89  

% of Foreign Ownership:     

 - Firms with R&D activities 1,911 11.55 0.05 7.69*** 

 - Firms without R&D activities 26,405 3.86 0.50  

% Export:     

 - Firms with R&D activities 1,911 22.30 34.12 15.69*** 

 - Firms without R&D activities 26,405 6.61 21.67  

R&D Expenditure (as % of average fixed assets):     

 - Firms with more than 10% foreign ownership  2,059 4.86 123.10 4.68* 

 - Firms without foreign ownership 26,257 0.17 3.08  

Note: *** and * denote significance at the 1 and 10 percent level. 

Source: Author’s computation based on the 2007 Industrial Census 

 

Moreover, firms that engaged in R&D were more export-oriented, with about 22.3 

percent of their outputs exported to foreign markets, while the domestic firms exported only 

about 6 to 7 percent of their outputs. This may be explained by the presence of foreign 

investors in the firms that engaged in R&D. Based on the review of past years’ experience in 

various industries, particularly electronics and automotive industries, several leading 

multinational firms from advanced economies like the United States, Japan, and the United 
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Kingdom entered Thailand with large FDI inflows to set up business and production bases in 

the country, which they had used as a key export base in the region. Therefore, the presence 

of foreign investors in local companies may directly and indirectly help stimulate the sale of 

products in foreign markets. Recently, more and more firms that are partially or wholly 

owned by foreign manufacturers have been integrated into the global production network of 

foreign manufacturers operating across the countries. This will certainly boost the export 

activities of firms involved in the production network. The statistics presented in Table 6 also 

suggest that firms with foreign presence spent substantially on R&D activities, or more than 

11 times the expenditure of domestic firms on R&D. Note that mean differences for all 

variables presented in the table are all statistically significant at 1 percent.  

To ensure a more accurate assessment of the impact of R&D on corporate 

performance, the propensity score matching (PSM) technique is employed to find a proper 

counter-factual or a comparison group for firms engaged in R&D. This use of this technique 

aims to reduce the bias inherent in the estimation of treatment effects and to control for the 

existence of the confounding effect by comparing treated and control subjects that are similar. 

The question we seek to answer is whether firms that undertake research and development to 

develop new products and to invest in process innovation have superior performance over 

firms that do not engage in R&D. As such, we apply the PSM method to assess the 

counterfactual outcomes that could have been expected in the absence of R&D in a firm. 

More specifically, we want to determine what the outcome would be if we took into 

consideration whether a firm that invests in R&D could perform just as well if it never 

engaged in such activities. 

The study sample is divided into two subgroups: a group of firms that engage in 

product and process innovation (treated firms) and a group of similar firms (control firms) 

which represents the counterfactual of the treated group. Practically, we do not observe the 

counterfactual which is the outcome from not engaging the activities, for those firms which 

actually invest in innovation. Therefore, by constructing a group of untreated (control) firms, 

we then may be able to have some rough idea about the effect of innovation on the firm’s 

performance, that is, in terms of value added, revenue, exports, and labor productivity. 

Although the counterfactual is not observable, the problem can be overcome by using the 

propensity scores, P(Z), which are estimated from a set of observable, exogenous control 

variables (Z). The control variables used for this purpose include number of years in 

operation, legal form of establishment, level of capital utilization, foreign ownership, 
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corporate size relative to the sector’s overall size and region dummies. Let T equal one, 

representing a firm with product and process innovation and zero otherwise. Propensity 

scores are estimated using the following equation:  

  P(Z) = Pr( T=1 | Z ) ; 0 < P(Z) < 1 (11) 

PSM is a conditional probability. Matching the firms engaged in R&D on product and 

process innovation with firms without R&D but with similar propensity scores could 

eliminate the selection bias. To what extent this can happen depends on how well the 

matching is done. The balancing property condition is also tested to check whether the treated 

and control groups are on average statistically similar along partitions of propensity score 

distribution. Using the probit regression method to estimate the propensity score, and 

matching firms with five-nearest neighbor matching method, we obtain the following average 

treatment effects and average impact on outcome variables from engaging in R&D. The 

overall results in Table 7 show that firms investing in product and process improvement 

activities have superior performance compared to firms without these activities in terms of 

value added, total revenue, export, and labor productivity. 

Table 7: Average Treatment Effects and Average Impact from engaging in R&D  

 Treated group Control group Difference 

Value-added 

(million baht) 
241.81 104.6 

137.2*** 

(4.32) 

Total revenue 

(million baht) 
881.67 362.31 

519.36*** 

(3.05) 

Labor productivity 

(baht/person) 
792,208 558,852 

233,356*** 

(4.13) 

Export 

(%) 
22.30 13.68 

8.61*** 

(9.81) 

Note: Figures in parentheses represent t-statistics; *** denotes significance at the 1 percent level. 

Source: Author’s computation based on the 2007 Industrial Census 

 

Role of Financial Development in Firm Productivity 

This section seeks to determine whether provincial financial development has any 

effect on firm productivity. It tests the hypothesis that posits that in an environment where 

financial market functions better, firms that engage in research and development have higher 

productivity.  
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To provide preliminary evidence about the effect of financial development on firm 

performance, Figure 1 plots the manufacturing firms’ average labor productivity against the 

level of financial development. Using the provincial average, the figure shows that the level 

of financial development is positively correlated with average firm productivity measured by 

value added per worker. The similar pattern is observed when plotting to see the correlation 

between financial development and the level of average firms’ research intensity (Figure 2). 

Both figures suggest that understanding the relations between financial development, R&D, 

and firm productivity is vital to understanding the growth process. The results do not change 

even when the ratio of deposit and credit to GPP is used as an alternative measure of financial 

development. 

Figure 1: Labor productivity and financial development by province for 2006 

 

Source: Author’s computation 

  

9 

9.5 

10 

10.5 

11 

11.5 

12 

12.5 

13 

13.5 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

L
n

(L
a

b
o

r 
p

ro
d

u
ti

v
it

y
) 

Ln(Financial inclusion index) 



27 

 

Figure 2: Research intensity and financial development by province for 2006 

 

Source: Author’s computation 

 

To provide further empirical evidence that financial development affects the 

performance of Thai manufacturing firms and to analyze the mediating role of financial 

development, we use firm-level data to estimate equation (6) and its alternative specifications, 

and present the regression results in Tables 8 and 9. The results shown in the two tables are 

based on two different measures of R&D, which include a dummy variable for the presence 

of R&D activities and R&D spending. 

 Since our main focus is on the role of financial development and the innovation effort 

of firms, we begin with the discussion on the coefficients on two variables—R&D and 

financial inclusion index. Overall, the firms that engage in R&D activities have higher labor 

productivity than the firms that do not (Table 8). Evidence also shows that an increase in 

R&D spending helps enhance the productivity of average firms, as shown in Table 9. These 

results support earlier studies indicating that R&D activities may bring about a higher 

propensity for firms to introduce technological innovation, which in turn contribute directly 

and indirectly to changes in techniques and products, as well as to productivity differences 
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supports the first hypothesis that the level of local financial development helps to promote 
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firm productivity. Our finding about the role of financial development in raising productivity 

is consistent with other well-documented and widely discussed recent endogenous growth 

literature studies such as Greenwood and Jovanovic (1990) and Bencivenga and Smith 

(1991). Greenwood and Jovanovic (1990) highlight two important functions of financial 

institutions—collecting and analyzing information on investment projects and increasing the 

efficiency of capital allocation, and thereby enhancing productivity and promoting long-run 

economic growth. Bencivenga and Smith (1991) suggest liquidity support and risk 

diversification as another important function of financial intermediaries in improving the 

efficiency of fund allocation. A number of empirical studies also support the role of financial 

intermediation in enhancing productivity (Rajan and Zingales 1998; Benhabib and Spiegel 

2000). 

 To investigate further whether the impact of R&D on firm productivity is mediated by 

the level of financial development, we look into the correlation between R&D presence and 

expenditures and financial development. The estimation results suggest that there is an 

interaction effect between innovation effort and financial development. That is, in an 

environment where financial market is better developed in the province, firms will be able to 

gain more benefits from innovation as they enhance their productivity. The result is 

consistent with our second hypothesis indicating that the effect of R&D on firm productivity 

is mediated or facilitated by finance. 

 By correlating innovation with the presence of foreign firms, out study shows that 

firms may be able to benefit from foreign investment, possibly as a result of intra- and inter-

firm spillover effects of foreign presence on productivity. This finding is consistent with the 

results of our earlier preliminary analysis, showing that the total factor productivity of firms 

engaged in R&D and that have foreign investors holding more than 10 percent of total equity 

shares is higher than that of domestically owned firms that do not engage in R&D. 

Table 8: Linkage between Firm Productivity and Financial Development: Presence of 

R&D Activities 

 (1) (2) (3) (4) 

Ln (Capital-Labor ratio) 0.115*** 0.125*** 0.119*** 0.121*** 

 (18.360) (19.980) (18.880) (19.450) 

Ln (Beginning of the period fixed assets) 0.001 0.004 -0.003 0.009* 

 (0.200) (0.830) (-0.620) (1.790) 

Ln (Intermediate inputs) 0.413*** 0.401*** 0.412*** 0.402*** 

 (92.690) (92.120) (92.420) (92.510) 
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Dummy (R&D activities)  0.100*** 0.166*** 0.081*** 

  (5.500) (5.700) (4.110) 

Ln (Financial market development index, FMD)  0.222***  0.221*** 

  (42.650)  (42.560) 

Dummy (R&D activities) x Ln (FMD)   0.043**  

   (2.090)  

Dummy (R&D activities) x Foreign presence    0.109** 

    (2.510) 

% skilled employees 0.0006*** 0.0002* 0.0006*** 0.0002* 

 (5.220) (1.940) (5.350) (1.900) 

Relative size 0.00004*** 0.00004*** 0.00004*** 0.00005*** 

 (4.240) (4.240) (4.140) (4.220) 

Foreign presence 0.089*** 0.105*** 0.087***  

 (5.010) (5.900) (4.930)  

Years operated -0.002* -0.005*** -0.002* -0.005*** 

 (-1.680) (-4.310) (-1.730) (-4.570) 

Years operated^2 0.00006** 0.0001*** 0.00005** 0.00008*** 

 (2.380) (3.330) (2.300) (3.440) 

Ln (Capacity utilization) 0.061*** 0.089*** 0.063*** 0.088*** 

 (3.480) (5.130) (3.630) (5.090) 

Ln (Concentration) 0.0054 0.014*** 0.004 0.015*** 

 (1.210) (3.230) (0.970) (3.390) 

Dummy (Corporation form) 0.358*** 0.237*** 0.354*** 0.243*** 

 (28.020) (18.580) (27.750) (19.090) 

Constant 5.195*** 5.483*** 5.207*** 5.453 

 (53.430) (57.560) (53.590) (57.420) 

Region dummies Yes Yes Yes Yes 

Industry dummies (based on I-O Table) Yes Yes Yes Yes 

R-squared 0.5979 0.6221 0.5984 0.6218 

Note: The values of Heteroskedasticity-robust t-statistic are reported in parenthesis. ***, ** and * denote 

significance at the 1, 5, and 10 % levels respectively. 

Table 9:  Linkage between Firm Productivity and Financial Development: R&D 

Expenditure 

 (1) (2) (3) (4) 

Ln (Capital-Labor ratio) 0.120*** 0.126*** 0.120*** 0.123*** 

 (19.100) (20.220) (19.110) (19.680) 

Ln (Beginning of the period fixed assets) -0.005 0.003 -0.005 0.008 

 (-0.990) (0.510) (-0.960) (1.470) 

Ln (Intermediate inputs) 0.412*** 0.401*** 0.412*** 0.402*** 

 (92.400) (92.110) (92.400) (92.500) 

Ln (R&D expenses) 0.011*** 0.010*** 0.014*** 0.009*** 
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 (7.850) (6.970) (6.060) (5.480) 

Ln (FMD index)  0.222***  0.221*** 

  (42.640)  (42.540) 

Ln (R&D expenses) x Ln (FMD)   0.00242  

   (1.440)  

Ln (R&D expenses) x Foreign presence    0.007** 

    (2.160) 

% skilled employees 0.0006*** 0.0002** 0.0007*** 0.0002* 

 (5.390) (2.000) (5.400) (1.950) 

Relative size 0.00004*** 0.00004*** 0.00004*** 0.00004*** 

 (4.070) (4.170) (4.060) (4.150) 

Foreign presence 0.086*** 0.103*** 0.085***  

 (4.850) (5.810) (4.840)  

Years operated -0.002* -0.005*** -0.002* -0.005*** 

 (-1.650) (-4.300) (-1.680) (-4.550) 

Years operated^2 0.00005** 0.00007*** 0.00005** 0.00007*** 

 (2.240) (3.280) (2.240) (3.390) 

Ln (Capacity utilization) 0.064*** 0.089*** 0.064*** 0.088*** 

 (3.660) (5.150) (3.650) (5.110) 

Ln (Concentration) 0.0038 0.014*** 0.004 0.014*** 

 (0.850) (3.140) (0.880) (3.310) 

Dummy (Corporation form) 0.355*** 0.237*** 0.355*** 0.242*** 

 (27.830) (18.610) (27.800) (19.110) 

Constant 5.217*** 5.491*** 5.215*** 5.461*** 

 (53.740) (57.670) (53.700) (57.530) 

Region dummies Yes Yes Yes Yes 

Industry dummies (based on I-O Table) Yes Yes Yes Yes 

R-squared 0.5986 0.6224 0.5986 0.6222 

Note: The values of Heteroskedasticity-robust t-statistic are shown in parentheses; ***, **, and * denote 

significance at the 1, 5, and 10 percent levels, respectively. 

Almost all control variables manifest expected signs and are robust regardless of 

model specifications. For example, the coefficient of the capital-labor ratio is positive and 

significant at 1 percent. This suggests labor productivity increases with a rise in capital 

intensity. Experienced firms are likely to have better productivity. As expected, a firm’s size 

relative to the sector’s gross output, which is a proxy used to control for economies of scale, 

is positive. The results shown in Tables 8 and 9 also suggest that firms with a higher 

proportion of skilled employees have higher productivity, confirming the importance of 

skilled human capital as a driving factor behind such firms’ ability to meet the needs of a 

fast-changing, dynamic knowledge-based, and innovative business environment. Skilled 
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labor facilitates knowledge and technology faster more efficiently. This factor is particularly 

important for firms to absorb knowledge spillovers from both inter-provincial R&D 

spillovers and international spillovers, which will eventually affect these firms’ own 

productivity. 

Linkage Between Financial Development, Inequality, and Growth 

This section further analyzes the linkage between financial development, inequality, 

and economic development. To perform an empirical test and, more specifically, to estimate 

the system of three equations described earlier, we employed the three-stage least squares 

method that yields more efficient error terms.  

In Table 10, which presents the three regression specifications, the first equation 

mainly relates provincial economic development to its determinants. After controlling for the 

impact of individual provincial convergence to its steady state growth by including the initial 

level of real per capita GPP in manufacturing, we observed that the estimated coefficient of 

financial market development is positive and highly significant. The result supports the third 

hypothesis that the level of financial market development plays an important role in 

facilitating provincial economic development.  

Without having enough internal funding, business enterprises, particularly small and 

medium-sized enterprises that have no access to sufficient credit from financial markets, face 

a significant obstacle to expanding their businesses and improving their productivity and 

competitiveness. This problem is quite common in Thailand. Based on a 2002 Bank of 

Thailand survey, about 30 percent of the respondent firms, which indicated their need for 

loans from financial institutions, had credit access problems. Of these companies, 42 percent 

of small firms encountered this kind of problem, compared with 23 and 13 percent among 

medium and large enterprises, respectively (Poonpatpibul and Limthammahisorn 2005). 

Easing credit constraints should help increase capital accumulation and improve resource 

allocation efficiency, thereby reducing the gap between actual and potential output. 

The impact of inequality on economic development is allowed for a nonlinear pattern. 

The regression shows a hump-shaped relationship between wage inequality dispersion and 

real per capita GPP in manufacturing, consistent with the hypothesis that wage inequality 

dispersion has a nonlinear impact on local economic development. Thus, the results seem to 

suggest that where economic development is associated with wage levels, the ensuing 

inequality from economic performance is both good and bad. Good inequality is considered 

vital to creating incentives for people to study, work hard, or even pursue seemingly risky 
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ventures. On the contrary, bad inequality is a hindrance to economically positive change, that 

is, too much dispersion in wage inequality is detrimental to the development of the local 

economy. However, the coefficient of the square of wage inequality dispersion is not 

statistically significant at the conventional level.  

In the second equation in which wage inequality dispersion is the dependent variable, 

the average real per capita GPP and financial market development are positive factors in the 

first and second model specifications, respectively. Where the positive effect of financial 

market development on inequality dispersion is concerned, the result tends to suggest that 

better development in the financial market may reduce financing frictions in new projects and 

cause organizations to adopt a more innovative approach. As a consequence, organizational 

changes will facilitate the movement of skilled manufacturing workers from old-fashioned or 

traditional to more innovative firms. The shortage of skilled manufacturing workers in old 

firms as well as the increasing productivity of skilled workers in new firms drive up the wage 

of skilled workers and wage inequality at the same time. However, the results need careful 

interpretation because when both average real per capita GPP and financial development 

variables are simultaneously accounted for in the model, the estimated coefficient of financial 

development turns negative. This is mainly due to a very high correlation between the two 

variables. 

Table 10: Linkage between Financial Development, Inequality, and Growth 

  (1) (2) (3) 

Dependent variable: Ln(Real per capita GPP)       

        

Ln (Initial real per capita GPP in 2006) 0.942*** 0.948*** 0.940*** 

  (61.730) (62.060) (61.500) 

Ln (Financial market development index) 0.061** 0.058** 0.067** 

  (2.240) (2.100) (2.430) 

Ln (Wage inequality dispersion) 0.109** 0.103** 0.109** 

  (2.450) (2.330) (2.460) 

Ln (Wage inequality dispersion)^2 -0.010 -0.010 -0.010 

  (-1.610) (-1.640) (-1.610) 

Ln (Average years of schooling in 2006) -0.224 -0.222 -0.235 

  (-1.300) (-1.290) (-1.360) 

Intercept 1.029*** 0.975** 1.078*** 

  (2.600) (2.450) (2.710) 

Region dummies Included Included Included 

Dependent variable: Ln(Wage inequality dispersion)       

        

Ln (Real per capita GPP) 0.374***   0.476*** 

  (4.850)   4.890 

Ln (Financial inclusion index)   0.372* -0.406* 

    (1.820) (-1.780) 
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Ln (Productivity dispersion) 0.931 1.323** 1.019* 

  (1.580) (2.000) (1.760) 

Ln (Average years of schooling in 2006) 0.723 1.018 (1.857) 

  (0.530) (0.640) (1.350) 

Intercept -3.234 0.391 -7.216** 

  (-1.240) (0.120) (-2.340) 

Region dummies Included Included Included 

Dependent variable: Ln(Financial inclusion index)       

        

Ln (Real per capita GPP) 0.298*** 0.309*** 0.299*** 

  (12.450) (12.970) (12.490) 

Ln (Ratio of deposit and loan to GPP, DEPTH) 1.027*** 1.005*** 1.046*** 

  (12.600) (12.320) (12.740) 

Ln (Inflation) -0.004 -0.013 0.024 

  (-0.020) (-0.070) (0.120) 

Intercept -4.567*** -4.652*** -4.610*** 

  (-12.820) (-13.150) (-12.860) 

Region dummies Included Included Included 

System R-squared 0.896 0.897 0.897 

F-test 75.280*** 76.352*** 72.660*** 

Number of observations 76  76  76  

Note:  All variables are in natural logarithm form. In addition, all variables except initial real GPP per capita, 

education, wage and productivity dispersion are averaged over 2006-2009. 

 ***, **, and * denote significance at the 1, 5, and 10 percent level respectively. 

6. Conclusion and Policy Implications 

 This study contributes to the existing literature by investigating variations in firm 

productivity across provinces in Thailand, the association between the role of financial 

development and firm productivity, and the linkage between financial development, 

inequality, and economic development at the provincial level. With respect to the estimation 

results using firm-level data, R&D efforts and foreign direct investments in domestic firms 

are two important factors that contribute to higher business productivity. Also, a better-

developed financial market environment helps stimulate and facilitate innovation and firm 

productivity. At the provincial level, local financial development has a positive impact on 

local economic development and vice versa, supporting both supply-leading and demand-

following hypotheses. The results also indicate that the rise in wage inequality up to a certain 

level may be good for the economy, but too much wage inequality will adversely affect the 

economy. It is also important to mention that local financial development can help facilitate 

increased organizational innovation, thus inducing higher inequality.  
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Overall, the potential policy implications of the study are as follows: 

a) To boost productivity at micro and macro levels, more inclusive and well-

functioning financial markets should be developed further, particularly at the provincial level, 

to ensure access to external funding for a broad array of firms. The reduction in the cost of 

capital and easier access to financial resources and necessary financial services may well 

bring about more intensive innovation, which is likely to help narrow the productivity gaps 

among firms, resulting in higher growth of the economy.  

Currently, the level of financial market development varies widely among provinces. 

This tends to be due to the problem of information asymmetry. Paulson and Townsend (2002) 

find that credit markets in Thailand are imperfect such that when financial constraints exist in 

the market, entrepreneurs may not have access to outside financing or may find it inadequate. 

It is a normal practice in the financial markets, specifically formal financial institutions, to 

use loan collaterals to mitigate risk exposure. This is quite problematic for entrepreneurs that 

do not have acceptable collaterals. Thus, they wait until they have enough resources before 

they pursue their planned investment. To reduce heterogeneity in the level of financial 

development among provinces, formal financial institutions have to improve the efficiency 

and competitiveness of their financial services. They must also increase the breadth and depth 

of local financial markets to meet the needs of existing local businesses and new innovative 

enterprises, and provide better financial access for those who are underserved in the current 

system. 

b) Government policy should strengthen the supply-side capability of firms. Key to 

this is developing the human capital and encouraging innovation through research and 

development activities. The development of human capital should be pursued simultaneously 

with the development of inter- and intra-industry linkages through which productivity 

spillovers may be realized. By encouraging greater cooperation, collaboration and strategic 

partnership between firms through linkages, firms will be able to detect new opportunities for 

growth and business development, exploit new discoveries, and upgrade technological 

competence. However, this will not be successfully accomplished without competent and 

skilled human resources. Weak human capital development constrains transition to R&D 

activities. Also, in the absence of extensive R&D and innovative practices, the scarcity of 

skilled labor in the country will certainly worsen the country’s absorptive capacity. This 

means Thailand will not fully benefit from complementary assets brought by foreign 

investors into the country. Absorptive capacity is a necessary prerequisite that helps enables 
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local firms to effectively acquire, adopt and utilize internal knowledge possessed by team 

members and new external knowledge and technological advancement from sources outside 

their firms.  

c) The existing literature shows that the capacity of local firms to make full use of 

FDI is limited to certain industrial sectors. This happens because the government only offers 

an attractive and competitive package of tax and non-tax incentives without ensuring that 

advanced technology is obtained from FDI investments in the country. The Board of 

Investment of Thailand should build linkages between foreign investors and domestic R&D 

capabilities to attract investments through measures other than by offering the existing 

incentives. The database on research and development resources (such as human skills and 

academic and research centers) should also be updated regularly to provide useful 

information for investment decisions. 

d) Firms across provinces yield different levels of productivity, causing high 

dispersion in productivity and wage inequality in these provinces. This may be due to 

differences in innovative or technological capabilities between firms in each province. An 

important strategy to address this problem is to promote investment in human capital 

programs that will help increase the skill and educational levels of workers, especially for 

those who are at the bottom of the proverbial ladder. 
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Appendix 1:  Distribution of Plant-Level Data from the 2007 Industrial Census by Province 

Province 
% of all 

observations 

% of the 

sample 
Province 

% of all 

observations 

% of the 

sample 

BANGKOK 13.28 24.21 UDON THANI 0.97 0.83 

SAMUT PRAKAN 5.50 9.16 LOEI 0.78 0.36 

PATHUM THANI 2.48 3.40 NONG KHAI 0.74 0.41 

SAMUT SAKHON 3.81 5.07 MUKDAHAN 0.71 0.23 

NAKHON PATHOM 2.75 3.43 NAKHON PHANOM 0.89 0.39 

NONTHABURI 1.35 1.82 SAKON NAKHON 0.65 0.48 

SARABURI 0.82 1.24 KALASIN 1.32 0.62 

SINGBURI 0.70 0.65 NAKHON RATCHASIMA 1.44 1.79 

CHAI NAT 0.74 0.37 CHAIYAPHUM 1.01 0.60 

ANG TONG 0.51 0.45 YASOTHON 0.86 0.44 

LOP BURI 1.08 0.77 UBON RATCHATHANI 1.72 0.84 

AYUTHAYA 1.63 2.20 ROI ET 2.21 0.90 

CHON BURI 2.21 3.11 BURIRAM 1.01 0.52 

CHACHOENGSAO 1.24 1.39 SURIN 1.59 0.72 

RAYONG 1.14 1.19 MAHA SARAKHAM 1.64 0.61 

TRAT 0.21 0.17 SI SA KET 1.51 0.47 

CHANTHABURI 0.55 0.48 NONG BUA LAM PHU 0.93 0.17 

NAKHON NAYOK 0.51 0.40 AM NAT CHAREON 0.92 0.26 

PRACHIN BURI 0.71 0.61 PHUKET 0.50 0.54 

SA KEAW 0.48 0.30 SURAT THANI 0.89 0.89 

CHIANG MAI 2.33 2.64 RANONG 0.38 0.36 

LAMPANG 1.58 1.41 PHANGNGA 0.47 0.31 

UTTARADIT 0.70 0.35 KRABI 0.47 0.44 

MAE HONG SON 0.30 0.07 CHUMPHON 0.57 0.51 

CHIANG RAI 2.11 1.30 NAKHON SI THAMMARAT 1.30 1.20 

PHRAE 1.34 0.78 SONGKHLA 1.56 1.48 

LAMPHUN 1.36 1.58 SATUN 0.52 0.22 

NAN 1.01 0.29 YALA 0.35 0.29 

PHAYAO 1.33 0.37 TRANG 1.15 0.63 

NAKHON SAWAN 1.28 1.08 NARATHIWAT 0.74 0.36 

PHITSANULOK 1.11 0.72 PHATTHALUNG 1.06 0.43 

KAM PHAENG PHET 0.87 0.53 PATTANI 0.80 0.56 

UTHAI THANI 0.46 0.18 RATCHABURI 1.51 1.95 

SUKHOTHAI 0.78 0.56 KACHANABURI 1.16 1.10 

TAK 0.75 0.54 PHACHUAP KHIRI KHAN 0.45 0.47 

PHICHIT 0.63 0.50 PHETCHABURI 0.72 0.57 

PHETCHABUN 0.94 0.42 SUPHAN BURI 1.05 1.19 

KHON KAEN 2.45 1.59 SAMUT SONGKHRAM 0.42 0.55 
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Appendix 2:  Distribution of Plant-level Data from the 2007 Industrial Census by Sector 

IO Sector % of all observations % of the sample 

Charcoal and Firewood 0.94 1.23 

Limestone 0.32 0.46 

Canning & Preserving of Meat 1.85 1.49 

Dairy Products 0.66 0.38 

Canning & Preserving of Fruits & Vegetables 1.65 1.68 

Canning & Preserving of Fish & Seafood 2.34 2.51 

Other Vegetable & Animal Oils 0.28 0.40 

Flour & Other Grain Milling 3.59 2.68 

Bakery & Other 2.20 1.61 

Noodle & Similar Products 1.77 1.18 

Sugar Refineries 0.43 0.54 

Confectionery & Snack 0.82 0.50 

Other Food Products 3.91 3.58 

Fish Meal & Animal Feed 0.30 0.53 

Distilling & Blending of Spirit 0.75 0.39 

Breweries 0.02 0.02 

Soft Drinks & Carbonated Water 1.64 2.26 

Tobacco Products 0.22 0.24 

Spinning 0.04 0.10 

Weaving 5.71 1.84 

Made-Up Textile Goods 3.26 2.55 

Knitting 0.46 0.36 

Wearing Apparels 7.41 7.37 

Carpets & Rugs 0.64 0.17 

Jute Mill Products 0.53 0.29 

Tannery & Leather Finishing 0.19 0.18 

Leather Products 0.84 0.86 

Footwear (except rubber) 1.11 1.60 

Saw Mill & Wooden Construction Materials 1.09 1.39 

Wood & Cork Products 4.79 1.89 

Paper & Paper Board 0.38 0.48 

Paper & Paperboard Products 3.53 4.95 

Printing & Publishing 0.72 0.87 

Basic Chemicals 0.43 0.59 

Fertilizer, Pesticide, & Insecticide 0.85 0.66 

Petrochemical Products 0.32 0.50 

Paint 0.33 0.56 

Drug & Medicine 0.55 0.72 

Cosmetic 0.77 0.64 
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Appendix 2 (cont’d) 

IO Sector % of all observations % of the sample 

Other Chemical Products 0.40 0.46 

Petroleum Refinery & Gas Separated Plant 0.10 0.21 

Other Coal & Petroleum Products 0.02 0.02 

Types & Tubes 0.18 0.34 

Other Rubber Products 0.92 1.23 

Plastic Wares 3.10 4.86 

Ceramic & Earthenwares 2.34 3.48 

Glass & Glass Products 0.34 0.37 

Concrete & Cement Products 3.48 4.94 

Other Non-Metallic Products 0.75 0.96 

Iron And Steel 0.17 0.26 

Secondary Steel Products 0.57 0.71 

Non-Ferrous Metal 1.24 1.81 

Cutlery & Hand Tools 1.06 0.77 

Metal Furniture & Fixture 3.85 4.16 

Structural Metal Products 4.01 3.11 

Other Fabricated Metal Products 5.86 6.67 

Engine & Turbine 0.12 0.07 

Agricultural Machinery & Equipment 1.10 0.62 

Wood & Metal Working Machine 0.27 0.41 

Special Industrial Machinery 1.81 2.81 

Office Equipment & Machinery 0.09 0.16 

Electrical Industrial Machinery & Appliances 0.37 0.39 

Radio, Television Set & Communication Equipment 0.86 1.28 

Others Electric Appliances 0.24 0.36 

Insulated Wire And Cable 0.11 0.18 

Electric Accumulator & Battery 0.05 0.09 

Other Electrical Apparatuses & Supplies 0.41 0.69 

Ship Building 0.33 0.37 

Motor Vehicles 1.53 2.22 

Motorcycles, Bicycles, & Other Carriages 0.38 0.51 

Aircraft 0.01 0.01 

Scientific Equipment 0.29 0.33 

Photographic & Optical Goods 0.06 0.10 

Watches & Clocks 0.04 0.06 

Jewelry & Related Articles 1.84 1.98 

Recreational & Athletic Equipment 0.27 0.28 

Other Manufacturing Goods 3.78 2.41 

Motion Picture Production 0.02 0.05 
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Appendix 3:  Descriptive Statistics of Variables 

Variables N Mean Median S.D 

Firm level in 2006:         

Ln(Value added per worker) 28316 11.96 11.98 1.24 

Ln(Capital-Labor ratio) 28316 12.19 12.25 1.47 

Ln(Beginning of the period capital) 28316 15.37 15.20 2.13 

Ln(Intermediate inputs) 28316 12.01 12.05 1.72 

Presence of R&D activities 28316 0.07 0.00 0.25 

Ln(R&D expenses) 28316 0.84 0.00 3.15 

% of skilled employees 28316 41.87 41.90 39.62 

Relative size 28316 195.27 14.63 1010.79 

Years in operation 28316 12.83 10.00 10.01 

Presence of foreign ownership 28316 0.07 0.00 0.26 

% of foreign ownership 28316 4.38 0.00 17.82 

Concentration index 28316 0.05 0.03 0.08 

Capacity utilization 28316 77.44 80.00 17.56 

Provincial level:         

Ln(Average real GPP per capita (2006-09)) 76 8.50 7.99 1.63 

Ln(Real GPP per capita in 2006) 76 8.45 7.86 1.66 

Ln(Average level of financial market development (2006-09)) 76 -2.39 -2.40 0.75 

Average ratio of deposit and credit to GPP (2006-09) 76 0.79 0.69 0.51 

Average inflation rate (2006-09) 76 3.95 4.01 0.74 

Average schooling years in 2006 76 6.97 6.98 0.64 

% of population with bachelor's degree or higher in 2006 76 0.08 0.08 0.04 

Dispersion in wage inequality in 2006 76 3.50 2.17 6.28 

Dispersion in productivity in 2006 76 0.68 0.68 0.13 

 

 




