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Objective:

The object of this research is to increase the market share of the US textile industry by identifying investment strategies to achieve maximum manufacturing productivity while satisfying dynamic consumer needs. Market share can only be gained if textile firms are more competitive, either through lower costs or better products. Lower costs will result from improved productivity. Productivity could be improved with new plant investment (capital), labor training, or R&D directed at engineering projects that enhance manufacturing processes. However, these investments compete with expenditures necessitated by dynamic consumer demands, such as R&D directed at new product development. These competing demands pose the question of whether it is better to spend on product or process development, that is, make better stuff or make stuff better.

In order to achieve the main objective, the total factor productivity of textile firms will be calculated to assess the impact of R&D investment, capital investment and labor investment. Traditionally, labor productivity has been used to measure productivity growth however labor is decreasing in importance in the production of textiles.  Additionally, there are significant interactions between inputs as exemplified by R&D investments that enhance both capital and labor productivity. Ultimately, this project will develop a model for deriving the optimal investment strategy combining the effects of labor, R&D, and capital expenditures on productivity. The model will measure the relative impact of the various investments on productivity using firm level data. The time series aspect will allow us to analyze how these parameters change over time and across firms to assist management decision making. For example, whether R&D is more effective when directed to process innovations vs. product innovations will be answered, taking into account the interactions between factors of production.

Relevance to NTC Mission:  

The current business climate in the US textile and apparel sectors is such that management must continuously analyze current business practices and trends, and modify decisions as needed.  In particular, selecting a new manufacturing site (US, Mexico, CBI countries, Sub-Saharan countries, etc.) and maintaining a profitable operation require a set of models where the changing input parameters can be identified and compared continuously.  This research is dedicated to accomplish a part of that mission through a novel modeling approach. 

Reducing manufacturing costs is imperative to enhance the market share of U.S. firms in the competitive international arena. However, capital budgeting decisions involve significant uncertainties. For example, R&D investment is problematic in that it has an uncertain pay-off; it is difficult to project the profitability of potential inventions.  We address this difficulty by determining the impact of various investments on productivity gains for a cross section of textile firms.  The impact of R&D can then be compared to other investment alternatives such as plant and equipment expenditure. Time series data allows us to ask: Does R&D have a diminishing contribution over time? Do learning curve effects cause benefits of such expenditure to increase over time?  Does capital expenditure exhibit diminishing productivity returns over time? How do offshore locations differ from domestic?

Firms commercializing new products and processes must divert productive resources towards implementation. Such adjustment costs for R&D related projects are estimated to be seven times the adjustment costs of investment in new plant and equipment. This necessarily changes the way we view R&D investment. Analyzing total factor productivity, which includes the interaction between factors, will improve how the industry assesses productivity by including the costs of complexity. According to Cline (1990), productivity gains, not import penetration, have had the largest impact on employment in the textile industry.  In addition, the productivity growth in the textile industry has outpaced the other manufacturing sectors in the U.S. economy, yet remains an industry with very low labor productivity. This suggests tremendous potential for productivity growth. Once production functions for firms in the industry are estimated, the impact of other variables can be tested. The data can be segmented to determine the importance of other factors that may contribute to productivity such as the size of the firm, nature of the product (availability of close substitutes), ownership characteristics, and sources of financing, and offshore plants.

State of the Art:

Productivity studies (Mairaisse and Griliches, 1990) often cover a large sector of the economy, such as the manufacturing sector. These studies then report the impact of aggregate levels of capital investment in mining and pharmaceuticals and tobacco, etc., on the overall manufacturing productivity of the economy. Although such aggregation is criticized, very few studies are industry specific, that is, rely on firm-level data. Our study of the textile industry will use data from individual firms and thus result in more useful estimates of the contribution of R&D, capital, labor, and material investment to productivity. Based on this evolving area of methodological approaches, increasing access to data, and specific interest in textiles, we feel this is a fruitful area of research.
The contribution of R&D investment to increased output, productivity and the stock market valuation of a firm has been shown to be significant in many industries, however the textile industry has been neglected. The importance of R&D investment was first recognized when estimates of production functions initially showed unacceptably large residuals; that is, output was greater than one would have expected from given inputs of labor and capital  (Abramovtz,1956, Kendrick,1956, and Solow, 1957). These residuals were later attributed to technological growth; greater output was due to the more efficient deployment of those inputs as a result of technological change. (Denison,1962 and Griliches & Jorgenson, 1967). Then in the 1970’s there was a slowdown in productivity growth that could be explained by diminishing returns to science and technology. Thus the relationship between productivity and technological growth was understood to be positive but with a diminishing horizon (Nordhouse,1972 & 1989, Olson, 1982, Scherer, 1983, and Baily & Chakrabati,1988). More recently Hall (1993) and Scherer (1993) have studied and continue to study the relationship between R&D and productivity. Bessen (1998) addresses adoption costs of R&D specifically, while Hall (1999) measures R&D activity and the market value of the firm. This is one of the most complex yet vital issues in today’s business world (Griliches, 1998). 

Approach:  

Estimating a total factor productivity equation is complicated econometric task that has not been undertaken for the textile industry. The techniques needed for this task have been developed and the data is available but this model will require the collaboration of those with expertise in statistics, computer science, finance, econometrics and industrial organization. The results of the study will shed light on the impact and interactions of factors of production, free from the bias of one department head competing for funds with other department heads. The questions that the analysis will address are the difficult strategic issues that are often too cumbersome or involve too many unknowns to quantify conclusively.  Time series data for a cross-section of firms (panel data) will be used to econometrically estimate the production function for textile firms: 

Qit = A CLK M. 

This function extends the standard Cobb-Douglas production function. Many of the conceptual and practical difficulties involved in this estimate, such as hours worked and capacity utilization, and are addressed by Griliches (1979, 1980, and 1998).  K was introduced by Griliches (1984) to the standard Cobb-Douglas production function to quantify the contribution of investment in R&D as measured by a distributed lag effect of past R&D investment. 

The parameters of interest are and These represent the elasticities of output relative to capital, labor and R&D investment. For example, the elasticity of capital indicates the percentage increase in production to expect from increased investment in new plant and equipment. Similarly, the R&D elasticity will indicate the impact on production due to investment in R&D.  Comparison of these measures reveals the relative importance of various investments such as the impact of investment in R&D relative to capital investment on production (. The time series aspect of panel data will allow one to analyze how these parameters are changing over time.

Differentiating the production function into rates of growth requires the estimation of a total factor productivity equation. Changes in total factor productivity, after accounting for labor, capital and material growth rates, will reflect movements in the production frontier caused by R&D investment, as separate from disembodied technical change. Econometrically we will estimate the impact of the growth of R&D on total factor productivity, incorporating R&D’s impact on labor productivity as well as capital augmentation, allowing for adoption costs as well as exogenous technological change in the economy.

This Year’s Goal: 

The Compustat Dataset will be a starting point for data collection but even this detailed information will need to be carefully correlated with data available from individual firms to discover relevant characteristics such as off-shore production.  We will make an effort to enhance the data set with information from non-publicly traded firms, recognizing the need for confidentiality.

Initial estimates of the production function for U.S. textile industry will require adjustments.  These adjustments include accounting for inflation, depreciation of the capital stock, categorizing levels investment, estimation of the true depreciation rate.  R&D investment is particularly difficult to estimate as the depreciation of R&D is likely to be very different than the depreciation of plant and equipment investment.  Additionally, R&D is likely to have a lagged effect on productivity; investment in R&D in 2000 may not result in innovative production processes and thus enhanced profit until 2002.  The level of spending on labor and capital must also be corrected for “double counting”, 46% of R&D is spent on labor.  Although the issues are challenging, there are precedents in the literature.  Much of the work pertains to pharmaceuticals and aeronautics where the importance of R&D is recognized, but the potential to exploit enhanced productivity and lower costs is great in the textile industry.

Year two:

Estimation of the impact of sundry investments on productivity:

Interpretation of elasticity estimates:

Year three:

Policy prescriptions

Presentations and publication 

Outreach to Industry:  

Conclusions will be written in an accessible manner and address current business practice, specifically to inform capital budgeting decisions. Recommendations for enhanced productivity will be presented to the ATMI, published in industry specific journals, and presented at economics conferences for comparison across industries.

New Resources Required:  

Compustat database. 
Computer work station.    Statistical software (RATS or SAS).

� Q is the output of firm i at time t, as measured by sales deflated by the relevant (two digit SIC level) National Accounts price index. Gross plant, adjusted for inflation, is the measure of capital stock, C, and L is the total number of employees. And M is materials; the value of purchases. A is the rate of disembodied technical change while is the perturbation or error term. 


K= (Ri (t-),  where R is a deflated measure of R&D, and the subscripts t,tand i stand for current year, lagged year and firm, respectively. 





