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Abstract 
 

The wood product manufacturing is one of the important manufacturing industries in the United 
States. Similar to other manufacturing industries, it has been facing many challenges including 
an increasing competition from offshore producers. Productivity growth is required to improve 
its competitive position. This study focuses on the productivity changes of the manufacturing 
industries in the U.S. from 1997 to 2002. The results showed 5% increase in productivity of the 
whole sector on average over the study period, while the productivity of the wood product 
manufacturing decreased by 1% over the same period. The efficiency decline of the industry 
was the main contributor to the decline of its productivity. The recent declines in investments 
on capital and training and education of workforce in wood manufacturing industry could be 
among the factors affected its productivity and if this trend continues, it would affect the 
productivity and consequently the competitive position of the industry more negatively.   
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1. Introduction 
 
The United States is the world’s largest producer of manufactured goods. When all 
benchmarks were taken into account, the U.S. manufacturing sector has achieved the 
best performance rating among those of the G7 countries [1]. The manufacturing sector 
has long been the driving engine of the U.S. economic prosperity and growth. It 
encourages innovation by promoting Research and Development (R&D), investments 
in machinery and equipment, and labor training. Manufacturing activities generate 
additional demand for goods and services of other sectors. In 2004, for every dollar of 
manufactured goods, $1.37 worth of additional products and services was needed to 
support that demand [2]. The great impact of the manufacturing sector on the U.S. 
economy is also clear by looking at its GDP contribution; the sector currently accounts 
for more than 14% of the GDP. Moreover, it generates 11% of the employment in the 
whole economy [3]. While the manufacturing sector is vital to the U.S. economic 
health, it has been facing several challenges in recent years.  
Although the United States is one of the world’s largest exporters of the manufactured 
goods with more than $669 billion dollars worth of exports in 2004, its share of total 
world’s exports declined from 12% in 2001 to 9% in 2004 [2]. This decline was the 
result of the decline in manufacturing production after the recession and the decline in 
the value of US dollar.  
The sector has faced harsh economic conditions since 2000. The recession of 2001, 
although mild with respect to the output of the whole economy, hit the manufacturing 
sector fairly hard. Manufacturing output decreased by 6% in less than a year and more 
than 2.5 million jobs were lost. The slow recovery of the manufacturing sector, 
compared to previous economic downturns, has created some concerns related to its 
performance [3]. Apart from the current recession, U.S. manufacturers have been facing 
other challenges. Global trade agreements have opened the U.S. market to many 
exporters of manufactured products and have caused the domestic manufacturers to 
face intense competition. U.S. manufacturers, therefore, have been driven to outsource 
parts and components from a global supply chain that allows them to produce their 
products with a lower final price and remain competitive in the market [3].  
Another major challenge facing the U.S. manufacturers is the shortage of skilled labor. 
Considering the advances in manufacturing technologies, there is an increasing need for 
highly skilled and technically competent employees who can utilize the new 
technologies and support advanced production processes. It has been argued that the 
demographic shift in the U.S. resulted in retirement of skilled workers from the “baby 
boom”, and immigration would be the major source of obtaining skilled workforce by 
2020. More than 80% of the manufacturers have stated the lack of qualified job 
applicants as a challenge, even during serious layoff periods after the recession [4].  
The wood product manufacturing is one of the important manufacturing industries in 
the United States. It had a total shipments of more than $103 billion, employed over 
half a million people [5], and accounted for approximately $5 billion of exports in 2004 
[6]. However, the U.S. wood industry has been facing various challenges, such as 
changing consumer preferences, land fragmentation, species and stand changes, and 
environmental issues [7]. In addition, similar to other manufacturing industries, the  
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wood industry has been facing increasing competition from offshore producers. 
Emerging wood exporting countries, such as China and South American countries, have 
been increasing their exports to the U.S., and therefore, have made the situation 
difficult for domestic producers [8]. Therefore, it’s important for this industry, as well 
as the whole manufacturing sector, to improve their competitive position in both 
domestic and global markets. 
Productivity growth is one of the key determinants of global competitiveness in the 
long term. It increases the living standards of nations by increasing the real incomes. 
Consequently, productivity growth makes it possible to invest in education, health care, 
social security, environmental improvements, and poverty reduction programs among 
others [9].  
Traditionally, labour productivity levels have been used for comparison purposes [10], 
[11]. Although labour productivity generally moves in the same direction as the total 
factor productivity, it only includes the effect of one input (labour) and, therefore, 
cannot provide a complete measure. The total factor productivity (TFP) measures 
incorporate multiple production factors in the analysis in order to generate a more 
accurate picture of the productivity change. 
Both parametric and non-parametric TFP productivity analyses have been previously 
conducted on the manufacturing industries in the U.S. and worldwide. These studies 
have either compared different industries together in one or more countries (for 
example, [12], [13], [14]) or focused on a specific industry [15], [16]. Parametric 
approaches require a functional form to relate the inputs and outputs of the production 
technology (e.g. Translog or Cobb-Douglas) which is sometimes difficult to decide on. 
Non-parametric approaches, on the other hand, relax this assumption and are more 
flexible [17].  
In a number of studies, U.S. manufacturing industries have been compared to those of 
other countries and in many cases it had one of the highest productivity growth rates. 
Arcelus and Arozena [12] used Malmquist index for measuring the sectoral 
productivity across 14 OECD1 countries from 1970 to 1990. The TFP results showed 
that the U.S. manufacturing sector had the highest growth among other countries in the 
study. Maudos et al. [13] compared the productivity changes of 23 OECD countries 
during the period from 1975 to 1990. They added the schooling years of the labour 
force as an additional factor to represent the human capital input. It was found that 
Japan had the highest TFP growth. The authors suggested that including the human 
capital in the analysis caused an important change in the relative positions of the U.S. 
and Japan by improving the efficiency change estimates for Japan. Using index 
numbers, Malley et al. [14] presented comparative measures of TFP at the sectoral level 
for manufacturing industries in the G7 economies from 1971 to 1995. They also found 
that the U.S. had the highest TFP levels and that other countries showed a slow 
convergence towards the U.S. performance level.  
Considering the importance of the manufacturing sector and mainly the wood product 
industry in the U.S. and the challenges they have been facing recently, this research has 
been designed to study the performance of manufacturing sub-sectors by measuring 
their productivity changes from 1997 to 2002 The Malmquist Productivity Index (MPI) 
was selected to measure the productivity changes since it can be decomposed into 
productivity components (namely, efficiency change and frontier shift) to provide  
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further insight. In this research Data Envelopment Analysis (DEA), a non-parametric 
approach, was used to measure the distance functions required for calculating the MPI.  
 
 
2. Malmquist Productivity Index (MPI) 
 
The Malmquist productivity index, which is an index for measuring the Total Factor 
Productivity (TFP) change of a unit between two time periods, was originally 
developed by Caves et al. [18] based on  Malmquist input and output quantity indices 
introduced by Malmquist [19]. It does not require any price data and can be 
decomposed into productivity change components: efficiency change (catch-up effect) 
and frontier shift (technical change), as it is shown in equation (1). The efficiency 
change is the change over time in the efficiency of each unit individually, while the 
frontier shift is the change of the best practice frontier over time typically due to 
changes in “technology”. The term “technology” has a more general meaning here and 
it refers not only to the manufacturing technology and machinery but also to policies, 
regulations, and business environment that affect the productivity of a unit. When the 
productivity of a unit improves over time, this can be the result of a frontier shift (all 
units had access to better technology, therefore, the best practice frontier moved 
upward) or an efficiency change (the efficiency of the unit increased, therefore, it got 
closer to the frontier) [17]. The efficiency change may be further decomposed into 
technical efficiency change and scale efficiency change. 
 

shiftfrontier change efficiencyMPI ×=                                                                         (1) 
 
The Malmquist productivity index can be calculated using distance functions. Distance 
functions can represent a multi input-multi output technology without any behavioral 
assumptions such as cost minimization or profit maximization. They can be estimated 
using either parametric (Stochastic Frontier Analysis) or non-parametric methods (Data 
Envelopment Analysis). Therefore, the Malmquist productivity index may be 
parametric or non-parametric depending on the method that is chosen for estimating the 
distance functions. Fare et al. [20] used DEA to estimate the distance functions of a 
Malmquist productivity index.  
Assume there are n units (j=1,…n) using m inputs ( m

j RX ∈ ) to produce s outputs 
( s

j RY ∈ ). The notations (Xj, Yj)1 and (Xj, Yj)2 represent unit j in periods 1 and 2, 
respectively. The efficiency change of unit j between time periods 2 and 1 can be 
written as equation (2).  
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To calculate the frontier shift of unit j  from period 1 to period 2, the distance of (Xj, 
Yj)1 from the frontiers of period 1 and period 2 can be considered as shown in equation 
(3) or the distance of  (Xj, Yj)2 from the same two frontiers can be measured as in 
equation (4). Therefore, the frontier shift is expressed as the geometric mean of (3) and 
(4).   
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The Malmquist productivity index is then expressed as (6). A value of more than one 
for MPI and each of its components means that a progress has occurred, while a value 
of less than one represents a regress. A value of one indicates that no change has 
occurred in the level of productivity or its components.  
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In this research, DEA is used to estimate the distance functions of the MPI and its 
components because of its flexibility compared to the parametric approach. Data 
Envelopment Analysis is a non-parametric method to measure the relative efficiency of 
a set of comparable units, usually referred to as decision making units (DMUs). It 
involves the use of linear programming methods to construct a piece-wise frontier over 
the data. The frontier consists of best practice performers and efficiency measures are 
calculated relative to this frontier. DEA was introduced by Charnes, Cooper and 
Rhodes [21] based on Farrell’s work [22] on frontier estimation using piece-wise linear 
approach. The DEA model developed by Charnes et al., called the CCR model, has a 
constant returns-to-scale (CRS) frontier which means that a proportional increase in 
inputs results in a proportionate increase in outputs. The CCR output-oriented model 
for n units using m inputs ( nmRX ×∈ )  to produce s outputs ( nsRY ×∈ ) is as follow [23]:  
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In equation (7), Xo and Yo are the input and output vectors of the unit under evaluation 
(DMUo), respectively, and φ represents the proportional increase required in outputs of 
DMUo to make it efficient (φ is equal to one for efficient units). Therefore, 1/φ is the 
efficiency score of DMUo and its value is between zero and one. If the unit under 
evaluation is inefficient, then an efficient target can be determined for it using λ (the 
radial increase of φ in outputs of DMUo produces an efficient target point (Xo λ, Yo λ) on 
the efficient frontier).  In an output-oriented model, the improvement of an inefficient 
unit is through the proportional augmentation of its outputs, while in an input-oriented 
model, the improvement is done by the proportional reduction of inputs.  
The CCR model compares a unit with all the other units in the sample regardless of 
their scale size, therefore, the efficiency score from the CCR model represents the 
aggregate efficiency. Banker et al. [24] accounted for the scale size in the DEA model  
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by adding a convexity constraint ( 11 =λ

r
) to the previous model. In their model, the 

BCC model (8), each DMU is compared with units in its own scale size, therefore, the 
technical efficiency score is measured. The efficient frontier in a BCC model is variable 
returns-to-scale (VRS), it means that a proportional increase in inputs results in other 
than proportional increase in outputs.  
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The efficiency score of a unit (1/φ ) from DEA models is used to estimate the distance 
functions. It should be noted that, in order to obtain accurate measures of TFP change 
and its components, the constant returns-to-scale (CRS) assumption needs to hold, as is 
the case in (7). Grifell-Tatje and Lovell [25] used an example to show that MPI does 
not provide correct measures of TFP change when variable returns-to-scale (VRS) are 
present. There have been efforts to introduce new methods of decomposing the 
Malmquist index accurately under VRS assumption. However, apart from the possible 
inaccurate productivity decompositions, using the VRS DEA models to estimate the 
distance functions may also result in some computational difficulties and infeasible LPs  
[17]. The CRS assumption is, therefore, still suggested by many researchers and is 
utilized in this research. Additionally, a non-radial DEA model developed by Tone [26] 
was used instead of the original CCR model. This model, called Slack-Based Measure 
(SBM) of efficiency, was chosen to consider the effect of slack variables – non-radial 
input excess (output shortfall) – and to provide a more realistic picture of the changes in 
the efficiency. The mathematical programming problem for finding the SBM efficiency 
is shown in (8), which is basically a DEA model with a modified objective function 
[26]. 
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The vectors mRs ∈− and sRs ∈+  are input excess and output shortfall, respectively, 
they are also called slacks. ρ  is a slack based index defined using s-and s+, it can be 
shown that 0<ρ≤1 [26]. Readers may refer to Tone [26] for more details on the SBM 
model.  
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3. Data 
 
The data for this research were extracted from the U.S. Census Bureau [5], [27] based 
on 2001 and 2003 Annual Survey of Manufactures (ASM) conducted in the U.S. This 
survey gathers data from all establishments with one or more paid employees. Starting 
from 1997, data on manufacturing establishments have been classified using the North 
American Industrial Classification System (NAICS). Based on NAICS, the 
manufacturing sector is divided into 21 industries. The study period was selected to be 
from 1997 to 2002 because of the data availability. For time periods before 1997, the 
industries were classified based on the Standard Industrial Classification (SIC) and, 
therefore, the analysis could not include the data from previous years. Based on 
NAICS, the wood product manufacturing industry includes “sawmilling and wood 
preservation”, “veneer, plywood and engineered wood products” and “other wood 
products” such as millwork, etc. It excludes “wood furniture” and “pulp and paper” 
industries.  
In order to measure the productivity change of the manufacturing industries a DEA 
production model including the main performance factors was developed. These factors 
were selected from the original data set provided by the Census Bureau. As it is shown 
in Figure 1, the DEA model included three inputs (number of employees, cost of 
materials, and cost of energy) and one output (total shipments).  
 
 
 

 

 

Figure 1. Production model for the U.S. manufacturing industries 
 
 
The costs and shipment revenues were in current dollar values, available at the industry 
level for each of the 21 manufacturing industries in each year. Therefore, a deflator was 
needed to make dollar values comparable across time. Since the data were at the 
industry level, Producer Price Index (PPI) was selected for deflation. PPI measures the 
changes in the prices of the manufactured goods and includes only the prices that the 
first purchaser of the product pays. It does not include taxes or other expenses that 
occur after the products leave the plant [28]. PPI was used to transform the data to 
constant 1984 U.S. dollars. The summary statistics of the U.S. manufacturing sector 
data are shown in Table 1. 
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Table 1. Summary statistics for the U.S. manufacturing sector data 

 Inputs Output 

 Employees Energy Material Total revenues 

Maximum 1,886,700 12.13 321.05 527.15 

Minimum 44,728 0.04 2.49 4.71 

Average 775,253 2.55 75.91 145.04 

Standard Deviation 528,199 2.49 70.65 123.81 

Data for energy, material and total shipments are presented in constant 1984 U.S. billion dollars. 

 
 
4. Analyses and Results 
 
The productivity changes of the manufacturing industries in the U.S. were measured 
using the Malmquist Productivity Index. The change was then decomposed into the 
efficiency change and the frontier shift in order to further identify the sources of the 
productivity change. A non-oriented and non-radial (slack-based) DEA model with the 
CRS assumption was used to estimate the required distance functions. The fixed-base 
period approach, in which productivity change is measured relative to a fixed base year, 
was selected. This provided a better picture of how the performance of the industries 
had changed during the study period compared to their initial position. The DEA-Solver 
Pro 4.0 software was used to run the DEA models. The summary results for the U.S. 
manufacturing industries are presented in Table 2. Note again that all values are relative 
to year 1997. 
 

Table 2. Malmquist analysis summary for the U.S. manufacturing industries 

  Productivity 
change 

Efficiency 
change 

Frontier 
shift 

Manufacturing sector (Average) 1.05 0.96 1.10 
Transportation equipment manufacturing  1.23 1.23 0.99 
Wood products manufacturing 0.99 0.91 1.09 

1997-2002 

Computer & electronic product manufacturing  0.81 0.81 1.00 

 
 
The U.S. manufacturing sector on average showed a 5% growth in TFP over the whole 
period, with the major growth contributor being the frontier shift. The efficiency of the 
sector decreased by 4% over the study period. Since the study period was relatively 
short and included the recession years of 2000 and 2001, this result is not surprising. 
The highest productivity change was found for the transportation equipment 
manufacturing with a TFP of 1.23 and the lowest change was that of the computer and  
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electronic product manufacturing with an MPI value of 0.81. The detailed results for 
MPI and its components are shown in Appendix A. 
The results for the wood product manufacturing in the U.S. indicated that it had a TFP 
change below the average of the whole sector during the period from 1997 to 2002 - an 
MPI value of 0.99. Based on the TFP change, the wood industry was ranked 18th out of 
21 industries. However, it had a higher rank based on the frontier shift (10th) compared 
to the efficiency change (16th). 
Figure 2 compares the TFP change of the wood product manufacturing with the 
transportation industry (highest TFP change) and the computer and electronic products 
manufacturing (lowest TFP change) and the average for all industries. It is observed 
that the TFP change gap between the best performer and the wood product 
manufacturing was wide in the beginning of the period and started to decrease as a 
result of the decline in the TFP of the transportation industry.  
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Figure 2. MPI changes for selected American manufacturing industries (1997=1.0) 
 

 
For the wood product manufacturing , changes in the productivity components are 
shown in Figure 3. The declining frontier shift effect after 1999 can be attributed to the 
economic recession. 
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Figure 3. Productivity change components for the American wood products 
manufacturing (1997=1.0) 

 
 
5. Discussion 
 
Based on the results, the manufacturing sector in the U.S. showed a total productivity 
growth of 5% over the study period. This matches with the results of some previous 
studies. Maudos et al. [13] reported a 0.74% annual productivity growth for the U.S. 
business sector as a whole from 1975 to 1990. Gu and Ho [29] measured the 
manufacturing sector’s TFP change over the period of 1979 to 1995 and found a similar 
result (approximately 0.8% per year), an estimate that is close to our result. Also, based 
on another study by Sharpe [30], the labor productivity of the whole business sector 
grew by approximately 5.0% from 1997 to 2002.  
It is useful to observe the trends of TFP for industries with highest and lowest TFP. A 
sharp decrease in TFP is seen for the transportation industry in 2001, but the industry 
bounced back in 2002 with a growth in TFP. As a matter of fact, with the exception of 
petroleum and coal products manufacturing, all American industries showed a decline 
in TFP change rates in 2000 and 2001. This, has mainly been the effect of the recession 
that hit the North American economy. The transportation industry had a decline in the 
output starting from 1999; it decreased from more than $670 billion in 1999 to $602 
billion in 2001 [5], [27]. The recession of 2000 hit this industry hard by lowering the 
demand for transportation equipment, including but not limited to automobiles, and 
caused a downturn in revenues [31].  
The decline in TFP of the computer and electronic product industry is not surprising 
since the high tech industries were affected the most by the recession. The main part of 
the business investment during the late 1990s was on computers and information 
technology [32]. In the late 1990’s, firms overspent in obtaining new technologies and 
capacity to meet the high demand for their products. Gordon [33] listed the factors that 
enhanced the demand for technology products during this period of the new economy. 
Some of these factors are 1) telecom industry deregulation that led to the creation of  
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new firms, each demanding large amounts of equipment to build communication 
networks; 2) the need to replace computers in order to run a new generation of software 
starting with Windows 95; and 3) the one-time invention of the World Wide Web. 
However, the new economy did not last as long as expected. The factors mentioned 
above were limited in their ability to create enough demand for the increasing supply. 
After the burst of the stock market bubble and the slowdown of the new economy, high 
tech industries were the ones who experienced the highest decline. Total shipments 
growth of the computer and electronic products slowed down in 2000 and declined 
significantly in 2001 [5], [27]. 
The results of this study indicated that the wood product manufacturing had a decline in 
TFP and was performing below the average for the manufacturing sector. The ranking 
of the industry relative to other industries showed that it was among the industries with 
the lowest TFP change.  
There have been various studies on identifying the determinants of productivity growth. 
Some suggested factors were investment in machinery and equipment, investment in 
human capital, innovation, openness to trade, and research and development efforts 
[34], [35], [9]. Because the data on all factors were not available, the two main factors - 
physical and human capital - are discussed here. 
Investments in machinery and equipment are believed to improve technology and, 
consequently, productivity. Also, new technology combined with the right knowledge 
would, after some time, increase the efficiency [34], [35]. Rao et al. [9] showed that 
there is a strong positive correlation between machinery and equipment investment and 
productivity. Investments in infrastructure are also argued to have an effect on 
productivity [35]. In the U.S., the real value of the total capital investments in the wood 
industry decreased from $2.25 billion in 1997 to $1.81 billion in 2002 [5], [27]. This 
could have been a factor leading to the decline in TFP of wood products manufacturing 
in the US. 
Human capital is another important factor in productivity growth. In a study on a large 
sample of establishments in the U.S., Black and Lynch [36] showed that an increase of 
10% in average education level (approximately one more year of schooling) would 
result in 8.5% increase in manufacturing productivity. Having access to a skilled labour 
force is more likely to result in new technology (through product or process innovation) 
and productivity improvements [34], [37], [30]. There have been concerns about the 
level of education and skills of manufacturing sector’s workforce [3]. For wood 
industry, one of the main concerns in recent years has been the lack of skilled labor and 
the level of recruitment in wood engineering programs [38]. It has been argued that the 
declining trend of programs that deliver wood engineering education and the number of 
engaged students could negatively impact the wood products industry [39]. Although 
the employees may still be able to work with the existing machinery and equipment, 
low levels of education may prevent them from working efficiently with new 
equipments. This, consequently, could stop the industry from obtaining new 
technologies and creating new ideas. In the long run, this would affect the productivity 
by decreasing both the frontier shift and efficiency change rates.  
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6. Conclusion 
 
The results of this study provided a picture of the relative performance of different 
manufacturing industries in the U.S. during an important period of time, including both 
growth and recession. The productivity of wood industry could be improved by 
investing more in both physical and human capital. Efficiency decline was the major 
source of TFP decline in the wood products manufacturing. Some possible ways for 
improving this component of productivity change are to implement better management 
techniques, invest more on training and education of the workforce, and improve input 
utilization patterns.  
It should be noted that the results of this study were based on the production factors 
included in the model and the available data. Data availability limited the study by 
preventing the inclusion of data from a longer period. Additionally, although the 
industries are different in nature, the distance functions in the Malmquist productivity 
index were calculated using a non-parametric CRS model including all industries. This 
comparison can be justified since the industries operated in the same country and in a 
similar economic environment. Besides, similar comparisons among different 
manufacturing industries have been done previously in the literature.  
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Appendix A. Malmquist Productivity Index results – U.S. 
 

Table A-1. MPI results for U.S. manufacturing industries 

Malmquist productivity index (MPI) Manufacturing Industry 
1998 1999 2000 2001 2002 

Beverage and Tobacco Product Manufacturing (NAICS 312) 1.10 1.20 1.13 1.13 1.09 

Chemical Manufacturing (NAICS 325) 1.02 1.00 0.96 0.95 1.04 

Clothing Manufacturing (NAICS 315) 1.01 1.03 1.00 0.97 1.17 

Computer and Electronic Product Manufacturing (NAICS 334) 1.02 1.14 1.08 0.93 0.81 
Electrical Equipment, Appliance and Component 
Manufacturing (NAICS 335) 1.04 1.05 1.05 1.00 1.05 

Fabricated Metal Product Manufacturing (NAICS 332) 1.01 1.01 0.99 0.97 1.03 

Food Manufacturing (NAICS 311) 1.02 1.02 0.98 0.95 1.01 

Furniture and Related Product Manufacturing (NAICS 337) 1.04 1.06 1.04 1.03 1.11 

Leather and Allied Product Manufacturing (NAICS 316) 1.00 0.99 0.94 0.93 0.96 

Machinery Manufacturing (NAICS 333) 1.02 1.01 1.00 0.95 1.02 

Miscellaneous Manufacturing (NAICS 339) 0.99 1.00 1.00 0.99 1.22 

Non-Metallic Mineral Product Manufacturing (NAICS 327) 1.02 1.04 1.00 0.98 1.02 

Paper Manufacturing (NAICS 322) 1.03 1.04 1.04 1.01 1.07 

Petroleum and Coal Products Manufacturing (NAICS 324) 0.81 0.92 1.12 1.03 1.04 

Plastics and Rubber Products Manufacturing (NAICS 326) 1.03 1.04 1.00 0.98 1.03 

Primary Metal Manufacturing (NAICS 331) 1.01 0.99 0.95 0.92 0.97 

Printing and Related Support Activities (NAICS 323) 1.02 1.06 1.03 1.00 1.17 

Textile Mills (NAICS 313) 1.01 1.01 1.00 0.99 1.03 

Textile Product Mills (NAICS 314) 0.99 1.02 0.96 0.95 1.05 

Transportation Equipment Manufacturing (NAICS 336) 1.30 1.38 1.18 0.89 1.23 

Wood Product Manufacturing (NAICS 321) 1.01 1.03 0.98 0.95 0.99 

Average 1.02 1.05 1.02 0.98 1.05 
All of the indices are relative to the base year, 1997. 
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Table A-2. Efficiency change for U.S. manufacturing industries 

Efficiency change (Catch-up effect) Manufacturing Industry 
1998 1999 2000 2001 2002 

Beverage and Tobacco Product Manufacturing (NAICS 312) 1.05 1.07 1.05 1.14 1.06 

Chemical Manufacturing (NAICS 325) 0.95 0.86 0.86 0.83 0.93 

Clothing Manufacturing (NAICS 315) 0.93 0.88 0.90 0.89 1.10 

Computer and Electronic Product Manufacturing (NAICS 334) 0.97 0.97 1.00 0.99 0.81 
Electrical Equipment, Appliance and Component 
Manufacturing (NAICS 335) 0.96 0.91 0.95 0.91 0.97 

Fabricated Metal Product Manufacturing (NAICS 332) 0.94 0.87 0.89 0.86 0.94 

Food Manufacturing (NAICS 311) 0.94 0.88 0.88 0.85 0.93 

Furniture and Related Product Manufacturing (NAICS 337) 0.96 0.91 0.94 0.93 1.04 

Leather and Allied Product Manufacturing (NAICS 316) 0.92 0.85 0.85 0.85 0.90 

Machinery Manufacturing (NAICS 333) 0.94 0.88 0.91 0.87 0.95 

Miscellaneous Manufacturing (NAICS 339) 0.98 0.63 0.66 0.66 0.99 

Non-Metallic Mineral Product Manufacturing (NAICS 327) 0.95 0.88 0.88 0.84 0.90 

Paper Manufacturing (NAICS 322) 0.95 0.89 0.92 0.87 0.95 

Petroleum and Coal Products Manufacturing (NAICS 324) 0.84 0.89 1.13 1.05 1.03 

Plastics and Rubber Products Manufacturing (NAICS 326) 0.95 0.89 0.89 0.86 0.94 

Primary Metal Manufacturing (NAICS 331) 0.94 0.85 0.84 0.79 0.86 

Printing and Related Support Activities (NAICS 323) 0.78 0.74 0.76 0.73 0.79 

Textile Mills (NAICS 313) 0.94 0.87 0.88 0.86 0.93 

Textile Product Mills (NAICS 314) 0.92 0.88 0.86 0.86 0.98 

Transportation Equipment Manufacturing (NAICS 336) 1.18 1.20 0.99 0.98 1.23 

Wood Product Manufacturing (NAICS 321) 0.94 0.89 0.88 0.85 0.91 

Average 0.95 0.89 0.90 0.88 0.96 
All of the indices are relative to the base year, 1997. 
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Table A-3. Frontier shift effect for U.S. manufacturing industries 

Frontier shift effect (technical change) Manufacturing Industry 
1998 1999 2000 2001 2002 

Beverage and Tobacco Product Manufacturing (NAICS 312) 1.06 1.12 1.08 0.99 1.03 

Chemical Manufacturing (NAICS 325) 1.08 1.16 1.12 1.15 1.12 

Clothing Manufacturing (NAICS 315) 1.08 1.16 1.11 1.10 1.06 

Computer and Electronic Product Manufacturing (NAICS 334) 1.05 1.17 1.08 0.95 1.00 
Electrical Equipment, Appliance and Component 
Manufacturing (NAICS 335) 1.08 1.16 1.11 1.10 1.08 

Fabricated Metal Product Manufacturing (NAICS 332) 1.08 1.17 1.12 1.13 1.09 

Food Manufacturing (NAICS 311) 1.08 1.16 1.11 1.12 1.09 

Furniture and Related Product Manufacturing (NAICS 337) 1.08 1.16 1.11 1.10 1.07 

Leather and Allied Product Manufacturing (NAICS 316) 1.08 1.16 1.11 1.09 1.07 

Machinery Manufacturing (NAICS 333) 1.08 1.16 1.10 1.09 1.07 

Miscellaneous Manufacturing (NAICS 339) 1.01 1.59 1.52 1.51 1.24 

Non-Metallic Mineral Product Manufacturing (NAICS 327) 1.08 1.18 1.14 1.17 1.13 

Paper Manufacturing (NAICS 322) 1.08 1.17 1.13 1.16 1.12 

Petroleum and Coal Products Manufacturing (NAICS 324) 0.96 1.03 0.99 0.98 1.01 

Plastics and Rubber Products Manufacturing (NAICS 326) 1.08 1.17 1.13 1.14 1.10 

Primary Metal Manufacturing (NAICS 331) 1.08 1.17 1.13 1.16 1.13 

Printing and Related Support Activities (NAICS 323) 1.30 1.44 1.36 1.36 1.49 

Textile Mills (NAICS 313) 1.08 1.17 1.13 1.15 1.11 

Textile Product Mills (NAICS 314) 1.08 1.16 1.11 1.11 1.08 

Transportation Equipment Manufacturing (NAICS 336) 1.10 1.15 1.19 0.91 0.99 

Wood Product Manufacturing (NAICS 321) 1.08 1.16 1.12 1.12 1.09 

Average 1.08 1.19 1.14 1.12 1.10 
All of the indices are relative to the base year, 1997. 
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