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Goal:







The goal of this research is to identify investment strategies to maximize manufacturing productivity with the ultimate goal of increasing the market share of the US textile industry.  

· collect industry, sector and firm level data
· analyze the effects of  R&D and IT investment, capital deepening and scale on productivity

· inform capital budgeting decisions which involve trade-offs and significant uncertainties, especially R&D and IT investment
Summary:






Competitive pressure from abroad forces US textile firms to confront challenging questions. For example, investment in high tech machinery may enhance productivity by reducing labor costs but then less money is available for the R&D necessary for product development that could open new markets.  Perhaps IT (information technology) investment is necessary for leaner manufacturing and reduced inventory or materials costs but these technological investments are expensive and the productivity gains are not easily identified.  Uncertainty is inherent to these decisions and once made, the decisions will determine the future growth path of the firm.  That is, the level of capital expenditure will determine the long run productive capacity of the firm, just as R&D will contribute to the ability of the firm to survive in an evolving technological economy.  The uncertainty of the future pay-offs to today’s investment decisions can be somewhat mitigated by our analysis productivity growth.  To the extent that we can identify those factors that have the greatest impact on productivity, we can estimate how well investments in R&D or capital deepening, for example, translate into increased production.  

From the Bureau of Labor Statistics (BLS), we have gathered data on productivity for the industry over a period of fifty years.  The gains in productivity growth in the textile industry have outpaced the other manufacturing sectors: in 1949, the textile industry was only 32% as productive as it is today. This dispels the idea of a stagnating industry, protected from competition by high tariffs.  This is an important observation as opponents to tariff protection cite their deleterious effect on innovation however this is not what we find in the textile industry.  Despite the growth of productivity in the textile industry, the overall level of productivity is still below the level of the other manufacturing sectors, suggesting potential remains for continued productivity growth. 

Figure 1 illustrates the growth in productivity for the textile industry relative to all manufacturing as well compared to apparel. Because modern technologies are substituting away from labor, productivity gains are exaggerated when measured by labor productivity. The preferred measure is total factor productivity, that is, output divided by all inputs, not just labor. 
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A second level of analysis is conducted on data that is disaggregated to industry sub-sectors according to their four digit SIC code. The SIC code is the Standard Industrial Classification system that categorizes firms according to their business lines. We collected data from the Annual Survey of Manufacturers, published by the Bureau of the Census, for 18 sub-sections of the textile industry. The following chart highlights the types of firms that have had the greatest productivity advances. 

Broadwoven cotton mills as well as yarn and thread mills have fared least well.

To understand the factors that fuel productivity growth, we first examine the effect of scale economies (the extent to which increasing the size of the operation contributes to productivity), capital deepening (more capital intensive production technologies, that is, substituting capital for labor), as well as the effect of import competition.  While a higher capital/labor ratio reflects technological change, we also look for future indicators such as the level of investment in scientists conducting R&D and the level of investment in information technology.  The impact of technological change on productivity is “one of the most complex yet vital issues in today’s business world” (Griliches, 1998). Using regression analysis we try to measure these impacts on productivity.

Regression Results

Model 1: Scale Economies, Capital-Labor Ratio and Import Competition, R&DEmployment and Information Technology                (1970-1994)
LnTFP   = 02.176   +   0.596 LnQ  +  0.618 LnK/L  +  

   (5.821)       (6.79)              (8.69)
            

0.176LnIMPen  +  0.006 LnRDEMP  - 0.109 ITRatio
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 (3.143)               (1.618) 
            (-3.767)   ( t-stats )

where Q is the level of output, K/L is the capital to labor ratio and IMPen measures import penetration, RDEMP is employment in R&D sector and ITCAP is the information technology capital stock. The model has a high overall significance of 0.98. Additionally all coefficients are significant at the 5% and 1% level.

The positive correlation between the capital-labor ratio and TFP indicates increased capitalization and downsizing have a positive impact on productivity. Between 1987-1999 the number of production workers declined by nearly 17%, and capital per worker has increased from 3% to 6.5% over the period, reflecting the technological changes in textiles production.
The coefficient of Import Competition, measured by the ratio of Imports to Exports – indicates although the impact is small, increased competition forces domestic firms to become more efficient. From 1972-82 U.S. exports and imports of textiles remained at a par with each other. Beginning around 1983 imports began a steady increase, outstripping exports by a sizeable margin. Imports rose five fold between 1982-2000.
The RDEmp, measures the share of R&D employment to total employment – shows investment in human capital improves productivity. The IT Capital measures the extent to which investment in computers and software improves productivity. Surprisingly, the coefficient is negative. This might indicate that improved productivity due to such investment occurs with a lag. 

In order to ascertain that the results from the above model are not spurious, resulting from common trends, we estimate model 2 in terms of growth rates.  The R-square is 0.65, lower than the model based on level values, as expected. However, the estimates are largely consistent, indicating robustness. 

Model2: Using Growth Rates: ( ’denotes growth)

LnTFPgrowth    = 

0.001   +   0.352 Q’  +  0.350 K/L’  -  0.0028 IMPen’


 (1.59)       (2.33)              (2.31)
      (-0.64)

+  0.003 RDEMP’  - 0.0074 ITKratio’

          (1.24) 
     (-1.98) 
( t-statistics )

The coefficient for output growth measures scale effects (Kwoka, 1993). The value is positive but less than 1.  This indicates that scale economies are not very high, suggesting thereby that a larger firm size is not necessary to achieve higher productivity. The interpretation of the other coefficients is as before, however, the coefficient of import competition is now insignificant and negative. This may reflect the ambiguous impact of foreign competition. While imports force our industry to be more efficient, they limit market share that would reward such gains. Since the estimate lacks statistical significance we cannot make strong conclusions about its impact.

There is a strong relationship between R&D and the number of patents filed in textiles, suggesting that patents may indeed be a good indicator of inventive output in the U.S. textile industry. As we further our work gathering patent statistics, we will understand how this inventive activity enhances the productivity and growth of the industry.
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Panel Regression Results

Using panel data for 13 groups in the industry from 1977 to 1996, we regress total factor productivity on tariffs, exports, capital/labor ratio and scale effects using ordinary least square regression, performed with and without group dummy variables.  Tariff rates allow us to analyze the impact of trade policy, and then we quantify the impact of exports and the volume of production.

Statistical Output

R-squared

=  0.602

Adjusted R-squared 
=  0.574

Model test: F[ 16, 230] 
=   21.71

Estd. Autocorrelation of e(i,t)     .000000                           |

We use AR1 process to correct for autocorrelation.

Variable          Coefficient     t-statistic 

Deflated Exp
 0.000121
3.306

Tariffs
-0.00930
-6.877

Cap/Labor 
-0.00255
-3.059



-3.059

Shipmt Value 
 0.00004
5.103


 Estimated Fixed Effects (each group’s constant)

  Group          Coefficient            t-ratio

SIC 2211        
.84261               14.67332

SIC 2221           .81770               10.09800

SIC 2231           1.31962             23.92060

SIC 2241           1.06347             37.22355

SIC 2252           1.08738             25.88145

SIC 2257           1.03055             18.88561

SIC 2258           1.10514             25.67048

SIC 2281            .82704              12.80894

SIC 2295           1.08844             19.90774

SIC 2296           1.00733             22.57800

SIC 2297           1.10182             22.13404

SIC 2298           1.02750             37.62636

SIC 2299           .99817               29.64899

Main Findings:

Increasing Productivity means a more globally competitive textile industry as evidenced by the associated increase in exports.  Tariffs are negatively related to productivity: lower tariff rates have pushed the industry to more efficient production. Economies of Scale are positively associated with increased productivity. The Test Statistics for the Classical Model further confirms that both group effects are significant and these effects vary significantly between industry sub-sections.
 Conclusion 

International competition has intensified in the textile industry, which has forced structural changes on this industry. Domestic firms have responded with tremendous productivity growth.  However we must continue the focus on efficiency; if a country’s productivity is below that of its competitors it will quickly lose market share.  In the light of the changing dynamics of the global textile market it is imperative to examine how productivity in U.S. textiles has evolved to meet these challenges.
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Figure 1: Comparing Growth in Total Factor Productivity
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		1962		45.4		75.1		71.4						1962		132.7		110.6		120.0

		1963		46.3		75.3		73.4						1963		135.4		110.9		123.4

		1964		48.1		76.4		75.5						1964		140.6		112.5		126.9

		1965		50.1		77.1		77.5						1965		146.5		113.5		130.3

		1966		52.2		77.1		77.8						1966		152.6		113.5		130.8

		1967		53.3		78.7		77.4						1967		155.8		115.9		130.1

		1968		53.5		79.6		79.7						1968		156.4		117.2		133.9

		1969		55.1		79.1		80.3						1969		161.1		116.5		135.0

		1970		57.8		78.4		79.1						1970		169.0		115.5		132.9

		1971		58.9		78.8		81.3						1971		172.2		116.1		136.6

		1972		59.4		80.4		84.2						1972		173.7		118.4		141.5

		1973		59.3		80.8		85.7						1973		173.4		119.0		144.0

		1974		57.4		81.9		81.1						1974		167.8		120.6		136.3

		1975		61		84.5		78.8						1975		178.4		124.4		132.4

		1976		61.9		84.9		81.6						1976		181.0		125.0		137.1

		1977		66.4		86.5		82.8						1977		194.2		127.4		139.2

		1978		69.1		89		83.4						1978		202.0		131.1		140.2

		1979		72		90.2		82.6						1979		210.5		132.8		138.8

		1980		73.6		91		81.2						1980		215.2		134.0		136.5

		1981		74.8		91.7		81.8						1981		218.7		135.1		137.5

		1982		79.5		92.6		83.3						1982		232.5		136.4		140.0

		1983		81.8		94.3		85.1						1983		239.2		138.9		143.0

		1984		82.6		94.5		87.7						1984		241.5		139.2		147.4

		1985		83.8		96		89						1985		245.0		141.4		149.6

		1986		85.6		97		90.5						1986		250.3		142.9		152.1

		1987		86.7		98.1		93.3						1987		253.5		144.5		156.8

		1988		89.5		98		95						1988		261.7		144.3		159.7

		1989		90.1		96.6		93.3						1989		263.5		142.3		156.8

		1990		90.8		96.1		93.1						1990		265.5		141.5		156.5

		1991		91.1		94.3		92.2						1991		266.4		138.9		155.0

		1992		95		93.9		93.8						1992		277.8		138.3		157.6

		1993		96.6		94.5		94.8						1993		282.5		139.2		159.3

		1994		97.3		96.8		97.4						1994		284.5		142.6		163.7

		1995		98.7		98.7		99.2						1995		288.6		145.4		166.7

		1996		100		100		100						1996		292.4		147.3		168.1

		1997		101.4		102.5		103.3						1997		296.5		151.0		173.6

		1998		100.9		103.1		105.4						1998		295.0		151.8		177.1

		1999		105.9		103.8		108.1						1999		309.6		152.9		181.7

		2000		108.4		105.9		110.1						2000		317.0		156.0		185.0
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		Multifactor productivity

				1987		1988		1989		1990		1991		1992		1993		1994		1995		1996

		SIC 221 - Broadwoven Fabric mills, Cotton.		100		97.1		98.5		99.5		98.5		90.9		91.3		96.7		101		95.7

		SIC 222 - Broadwoven fabric mills, manmade		100		98.1		100.2		101.2		102.8		105.7		107.8		113.3		116.3		114.7

		SIC 223 - Broadwoven fabric mills, wool		100.0		107.3		97.2		97.9		102.3		109.1		110.4		116.0		123.1		122.8

		SIC 224 - Narrow fabric mills		100		111.1		105.8		107.7		112.4		116.1		116		122.9		118.9		118.5

		SIC 225 - Knitting mills		100		98.2		107.3		104.8		109.7		111.3		113.1		116.7		117.6		118.8

		SIC 226 - Textile finishing, except wool		100		102.4		105.1		105.2		107.6		103.3		102.3		106.9		107.3		108

		SIC 227 - Carpets and rugs		100		99.8		101		97.8		98.2		104.8		106		106.7		109		107.6

		SIC 228 - Yarn and thread mills		100		96.4		99.1		99.9		95.4		93.2		95.1		99.6		103.2		97.1

		SIC 229 - Miscellaneous textile goods		100		100.2		101.6		101.2		97.9		99.6		99.8		103.3		102.4		102.1
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