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PRODUCTIVITY GROWTH IN 
ERIE MANUFACTURING THROUGH TIME

I.  Introduction

The manufacturing sector in Erie County, Pennsylvania accounts for a large portion of its economy’s wealth.  22% of Erie’s income can be attributed to manufacturing whereas the United States and Pennsylvania only attribute 12% and 14% of their incomes to the same sector, respectively.  Also, 21% of Erie’s labor force is employed in the manufacturing sector, while in the U.S., manufacturing only accounts for 11% of total employment and 14% in PA.  Clearly, Erie relies more heavily than the U.S. and PA on manufacturing jobs, which tend to pay higher wages than other jobs, to create wealth.  However, real income levels in Erie’s manufacturing facilities have remained fairly constant since about the early 1980s while employment levels in manufacturing have been declining.
  This would suggest that manufacturing workers have become more productive at their jobs--being able to produce more output with the same or even fewer inputs.  
 Productivity, or output per worker hour, should give some insight into the trends in Erie’s manufacturing sector regarding wages, output, and employment.  Unfortunately, no current sources have the ideal data needed to measure productivity for the local area: annual (or even monthly) real value added and hours worked by production workers in manufacturing.  Two data sources, the Economic Census and IMPLAN do have data that can be used to measure productivity, and even though they are not ideal, they can be used and are helpful.  Many other data sources had been considered and are discussed in more detail below.
II.  Why Measure Productivity?
A common question one might ask could be “Why bother to measure productivity at all?”  A simple, but important, answer to this question is that productivity can help explain income and standard of living levels.  Increases in productivity should result in increases in real wages and therefore, a higher standard of living.  
Firms will employ labor up to the point where the extra cost of hiring them (wages) is equal to the added benefit they bring to the firm (the value of their output).  The fundamental way to obtain higher wages is to increase the value of an employee’s output--this can be done in two ways.  One, have the same number of (or fewer) workers produce more output in a give time (that is, become more productive).  This increase in output with the same or fewer inputs (workers) will increase the value of labor to the firm and, as a result, will be willing to pay a higher wage.  If the firm refuses to pay higher wages, then the more productive workers could, rather easily, relocate to a firm that would.  The firms that refuse to pay higher wages would be faced with the threat of losing good workers.  
The second way to increase the value of an employee’s output is to raise the price charged for that output.  If a firm does this, however, it may find it harder to compete in the market.  If all firms raise prices, then the ultimate effect would simply be an increase in the price level.  Nominal wages might increase but, more importantly, real wages (the buying power of money) may rise, stay the same, or even decrease.
The conclusion reached here is that the ideal way to increase workers’ real wages is for them to become more productive.  

III. Measuring Productivity



Productivity is measured as some type of output divided by some type of input, such as output per hour of labor.  In the U.S., the Bureau of Labor Statistics (BLS) is the central governmental organization that calculates productivity measures for major sectors and sub-sectors of the national economy.   They calculate and maintain an index for three major types of productivity, the most relevant being labor productivity (the other two will be discussed shortly).  


The BLS calculates labor productivity using the typical output divided by input method. The output measure used in measuring overall labor productivity (also called business productivity) is real gross domestic product (GDP), or the final value of goods and services produced in one year and adjusted for inflation.  The Bureau of Economic Analysis (BEA) of the U.S. Department of Commerce prepares all GDP data and price deflators that are used by the BLS. The BLS does however exclude some outputs from GDP such as general government, nonprofit institutions, paid employees of private households, the rental value of owner-occupied dwellings and any other outputs that are calculated primarily from income data.  The BLS excludes outputs that are measured for the most part with income data because income data is actually an input measure.  Since it would be difficult to draw conclusions about productivity if we use an input measure as part of an output measure, the BLS simply excludes any outputs that are measured with input data.


The input measure used in calculating business labor productivity is hours of labor that were required to obtain the output (GDP) for the corresponding year.  The hours data are prepared by the BLS Current Employment Statistics (CES) program.  The CES surveys a sample of businesses that fill out forms regarding employment information including employment, hours, and earnings.  The BLS uses an “hours at work” measure (how much time an employee actually spends on the job) rather than an “hours paid” measure (how much time the employee is getting paid for).  They do this because hours paid includes all types of paid leave, such as vacation or sick time, which do not contribute anything to the production process.  Prior to 1989 the BLS used the hours paid method.


In order to compare Erie’s labor productivity to national labor productivity through time, it would be ideal to have Erie data that are measured in the same fashion as that for the nation.  The value of goods and services produced in Erie in one year, or gross metropolitan product (GMP), would be a good way to measure output.  Similarly, the hours worked in Erie to produce those goods and services in one year would be a good method to measure input.  With the same output and input measures on the national and local levels, there would exist an ideal opportunity for comparison between the two areas and their corresponding productivity growth levels.  However, there are two problems with using GMP when measuring manufacturing labor productivity.  First, GMP data have typically been published only from 1997-2000, which is not enough to perform a good time series analysis.  Second, GMP factors in the value of ALL final goods and services produced in one year in a metropolitan area.  Current GMP data are not disaggregated into GMP’s components, such as manufacturing, which is the focus of this study.

The BLS does calculate national productivity measures for the manufacturing sector, including the durables and non-durables sub-sectors.  This is performed with the same output/input method as mentioned above.  The sectoral output however, is measured differently in the manufacturing sector than in the nation as a whole.  Sectoral output is measured in the manufacturing sector as the dollar value of shipments that are sent outside of the sector.  Intra-sector shipments, or shipments between establishments in the same sector, are taken out to avoid the double-counting of goods.  Once the current dollar value of production in the manufacturing sector is determined it is deflated using deflators constructed by the BEA with data from the BLS producer price program and other sources.  Through this method, the BLS has constructed a way to obtain the real value of goods and services produced in one year in the manufacturing sector.  This is the ideal measure of output.  Likewise, the input measure is the hours worked to produce the value of goods produced in one year in the manufacturing sector.  It is with these data that the BLS publishes annual indexes of manufacturing productivity.
  
The BLS also publishes quarterly productivity measures for the manufacturing sector.  For the quarterly measures they use indexes from the Board of Governors of the Federal Reserve System as a guide to measure quarterly swings.  These measures from the Federal Reserve System are adjusted by the BLS (if necessary) in order to match the BLS’s annual measures.  If it were possible to reproduce this method at the local level (including the Erie region), then the local productivity measures in manufacturing would be consistent with the national measures and could be easily compared.  Unfortunately, neither the BLS nor the Federal Reserve System estimate labor productivity for counties or metropolitan areas.  
As mentioned above, the BLS publishes three different types of productivity data.  The first type is labor productivity, which was explained above, and the other two are multifactor productivity and KLEMS multifactor productivity. Multifactor productivity is measured the same way as labor productivity with the exception of the input measure.  In multifactor productivity, input is measured as hours worked and money spent on capital.  This incorporates the fact that capital spending can be crucial to labor productivity.  KLEMS Multifactor Productivity is measured the same way as multifactor productivity, however the input is broken down into five major cost categories: capital (K), labor (L), energy (E), materials (M), and purchased business services (S).  These two types of productivity measures still use the basic output divided by input calculation that is used to calculate labor productivity.

IV. Other Sub-national Productivity Research
Relatively little material is available on metropolitan productivity, but some research has occurred at the state level.  Recently, Edward (Ned) Hill of Cleveland State University in Ohio has done some work with regard to productivity at the state level in a paper called “Ohio’s Competitive Advantage:  Manufacturing Productivity.” 
  He points out that the focus of measuring output should be the value added to a good and not the “effort expended” in adding value to the good.  Compared to the non-manufacturing sector, the manufacturing sector frequently adds a great deal of value to a good, which should be reflected in higher incomes per capita in manufacturing.  He claims that Ohio has a competitive advantage in manufacturing because of the advancements of labor productivity attributed to investments made by manufacturing firms over the past 20 or so years.  As a result of this investment, Ohio’s income has grown at a fast rate.  While this study contains many inspiring ideas on productivity, it does use Gross State Product (GSP) data.  GSP is not disaggregated enough spatially to allow one to focus on one particular region or area in a state.  Also, GSP takes into consideration the value of ALL goods and services produced in a state in one year, not in just the manufacturing sector. 
V.  U.S. Productivity Measures 


The productivity indexes that the BLS publishes are not as simple and clear-cut as they seem;   they are actually calculated from raw output data (GDP in nominal dollars) and raw input data (aggregate hours).  There are a few steps involved in obtaining these indexes.   First, in order to obtain real GDP the BLS deflates the nominal GDP value, as mentioned above.  Real GDP is then divided by the aggregate number of hours worked, which yields real GDP per hour worked.  Surprisingly, the BLS does not post any type of dollar per hour productivity data on their website; they only post the indexes of this data.  However, once contacted, the BLS was willing to provide some data for use in this project.  These data include nominal output (in dollars), aggregate hours, and price deflators for the entire manufacturing sector and for the durables and non-durables subsectors.  An actual dollar per hour productivity measure for manufacturing in the year 2000 is calculated in the following steps
.



     Nominal Value of shipments (output) = $2,743.119 billion



     Price deflator = 103.2    (base = 1992)




     Hours worked = 36.95 billion

1. Deflate the nominal output to real output:

Real output = nominal output / price deflator

Real output = $2,743.119 / 1.032

      = $2,658.061 billion, in 1992 dollars
2. Divide real output by hours worked:

Real output per hour = real output / hours worked

Real output per hour = $2,658.061 billion / 36.95 billion
        =$71.94 per hour

Figure 1 illustrates a time series of real output (in dollars) per hour worked for the manufacturing sector.  The graph also shows a quadratic trend (real manufacturing output was regressed on time and time squared) representing the average movements in past productivity numbers.
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FIGURE 1:  U.S. MANUFACTURING OUTPUT PER HOUR
Source:  U.S. Census Bureau
Figure 2 compares productivity in the manufacturing sector to that of the overall business sector, which includes both manufacturing and non-manufacturing, from 1949.
  Figure 2 is not intended to show the different levels (dollars per hour) of productivity between the two sectors, but rather, how the sectors’ productivity changed and grew over time.
  Figure 2 also does not measure the difference between manufacturing and non-manufacturing productivity growth.  All sectors, including manufacturing, comprise the business sector data.  
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FIGURE 2:  U.S. MANUFACTURING AND BUSINESS PRODUCTIVITY INDEXES
Source:  U.S. Census Bureau

Figure 3 illustrates the percentage changes in productivity in U.S. manufacturing and business sectors in ten-year periods from 1950 to 2000.  The manufacturing sector has had an average growth rate of about 2.8% per year while the business sector has had a slightly lower growth rate, averaging about 2.5% per year from 1950 to 2000.  It is evident that the manufacturing sector grew at a faster rate than the overall business sector since about 1970. 
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FIGURE 3:  U.S. MANUFACTURING AND BUSINESS PRODUCTIVITY GROWTH

Source:  U.S. Census Bureau

Given that the overall business sector’s productivity measures include the manufacturing sector, the growth rates between the two are not accurately represented.  A better way to distinguish these growth rates would be to separate manufacturing from the business sector.  This would allow observation of the manufacturing sector and non-manufacturing sectors separately.  However, simply subtracting the manufacturing values from the business values is not possible since the two sectors’ data are measured independently from different sources and are not compatible.  Also, the manufacturing productivity measures are calculated with output data that uses the value of shipments rather than value added.  If the value of shipments method was added to the business value, many goods would be counted twice and would distort any results.

VI.  Possible Data Sources for Erie County
The discussion of U.S. productivity measures above demonstrates how the U.S. actually measures productivity.  The illustrations and examples give some insight into past trends in U.S. productivity in the manufacturing and business sectors.  Attention now needs to be given to the data needed for measuring productivity in Erie County so comparisons can be made to the U.S. measures.  Many data sources were considered for use in this study, including:

· Economic Census
· Annual Survey of Manufacturers

· The U.S. Conference of Mayors

· The Bureau of Economic Analysis (BEA): 
· Regional Economic Information Systems 
· Gross State Product 
· RIMS II --Regional Input-Output Modeling System

· Regional Economic Models Inc. (REMI)
· Minnesota IMPLAN Group

· Edward (Ned) Hill of Cleveland State University

Although useful for other purposes, none of these sources provide ideal data for the purposes of this study.  Each is examined below.

A.  Economic Census

The Economic Census is conducted every five years in years ending in 2 and 7 and is designed to collect large amounts of detailed data on U.S. businesses.  This allows the government, businesses, and the public to examine many aspects of the U.S. economy.  These data are categorized by their industry classification; fabricated metal products, for example, is classified in the manufacturing sector.  Different aspects of each sector are measured by the Census, such as value of shipments, value added, hours worked, and number of employees.  The Economic Census also organizes the data they collect into geographic series, the most important being states, counties, and metropolitan areas.  Combining the sectoral and geographic measures results in a good way to obtain the data needed to measure productivity in Erie (that is, county output data for manufacturing).  The value of shipments can be used as an output measure and the hours worked can be used as an input measure.  This is the same way productivity is measured at the national level and would allow for direct comparison.    


The main problem with the Economic Census is that it only takes place every five years.  Annual data would be much better for comparing trends in manufacturing productivity in Erie to the nation.  Quarterly or monthly data would be even better, since they would allow both seasonal and business cycle patterns to be analyzed.  Data collected every five years simply does not allow these kinds of detailed analysis.
B.  Annual Survey of Manufacturers


The Annual Survey of Manufacturers (ASM) measures data that are similar to Economic Census data.  However, three main differences exist between the two data sources:  frequency, method, and level of data collection.   The ASM collects data on industries every year rather than every five years, as the Economic Censuses do.  The ASM collects these data from a sample of representative businesses from each industry and adjusts the data to be consistent with the Economic Census data.  This is why the ASM is a survey and not a true census.  

The main problem with ASM data with respect to this study is that they do not publish any data at the metropolitan or county level.  Geographically, the lowest level of data they publish are statewide.  The surveys of the businesses are representative of states only, not counties.
 
C.  U.S. Conference of Mayors

The U.S. Conference of Mayors (USCM) is an organization that is composed of mayors from cities that have populations of 30,000 or more.  They periodically release a study that focuses on the importance of metropolitan areas in the nation’s economy
.  They analyze growth in four key economic indicators including Gross Metropolitan Product (GMP), total employment, sectoral employment, and income.  Unfortunately, their GMP data (measured by Standard and Poor’s DRI) do not disaggregate GMP into its components.  The contribution to total GMP from each sector is not reported.  Data on GMP in manufacturing (manufacturing output) would be needed to properly measure productivity in a metropolitan area.  Manufacturing GMP could be derived by allocating total GMP to each industry using an input measure such as employment or income in the respective industry.  However, estimating manufacturing GMP in this way would imply that productivity is constant across all industries, clearly inappropriate for a study whose goal is to measure differences in productivity.  Productivity would, then, be based on the input measure (employment or income) used to allot GMP, and thus would not allow appropriate examination of productivity changes through time. 
D.  The Bureau of Economic Analysis
1.  Regional Economic Information System
The Bureau of Economic Analysis (BEA) collects income data for many levels in the economy, which are readily available through the Regional Economic Information System (REIS)
.  The data are collected for all industries and for many geographical areas in the U.S., including counties and metropolitan areas.  Income could be used as a proxy for output, which would provide the “output” data needed to calculate productivity measures.  The problem with using income as a proxy for output is that income is an input measure.  Using an input, such as income, as an output measure would result in productivity being measured as an input divided by an input, rather than the orthodox method of an output divided by an input.  As a result, the REIS data are not suitable for this study.
2.  Gross State Product
The BEA also maintains data on Gross State Product (GSP), or the final value of goods and services produced in a state in a year
.  Although these data are useful for analyzing aspects of a state economy, they are not as useful at the local level.  The BEA does provide information on each sector’s contribution to GSP, manufacturing GSP for example.  These data could then be allocated by an input measure, such as employment or income, to metro areas or county areas across the state.  This does, however, have the same implication as allocating GMP by an input measure as mentioned in the USCM section above.  Estimating local manufacturing output data from the GSP data would assume that productivity is constant across space, rather than across industry.  Again, this means that the GSP database is inappropriate for our study. 
3.  Regional Input-Output Modeling System
The Regional Input-Output Modeling System (RIMS II) is maintained by the BEA and assembles input-output tables for counties and the U.S
.  Input-output (I/O) tables measure inter-industry relationships by showing the distribution of inputs bought by each industry from all other industries.  For example, the table would show how much the manufacturing sector is buying from construction, transportation, and all other sectors to produce its goods.  The sum of the amount each sector buys from manufacturing is the total output for manufacturing, which are the data needed for this study.  

RIMS II has some advantages, as well as a serious disadvantage, over the other sources of data.  They do have a fair amount of industry data from as early as the 1970s and they are available at the county level.  This provides an adequate time series and satisfactory level of spatial aggregation to analyze productivity in Erie through time.  

There is, however, a major shortcoming of the RIMS II model.  The BEA uses location quotients (LQs), calculated with income data, to regionalize their data from the national I/O tables.  An LQ is used to show how much concentration an area has in each sector.  They can be used through time and through space for comparisons.  The drawback is that the use of LQs again makes the implicit assumption that productivity is constant across the U.S., that all workers are identical in the amount of output they can produce in a given time.  This obviously means the RIMS II database is not appropriate for measuring productivity differences through time.   
E.  Regional Economic Models Inc

Regional Economic Models Inc. (REMI), founded in 1980, has developed software that is used for forecasting and policy analysis at the national, state, and regional levels and in universities, non-profit organizations, city governments, public utilities, and private consulting firms
.   Their forecasting model uses many key economic variables and is intended to aid in research-based decision making.  One of the features of this model is that it uses input-output tables similar to RIMS II.  A result of this model is detailed output data, which includes wages, costs, and income for industries.  County manufacturing output data can be derived from these input-output tables.  The output measure is calculated as final demand in an area, which is itself calculated from many other variables.  They also have value added industry-specific data. This results in an unconditional (i.e. its forecast is based on other forecasted numbers) and complex model that can easily overlook the purposes of this study.

The primary intention of REMI is to estimate the effect of changes in policy.  They try to answer the “what if” questions that officials may ask in a state or region.  These policy variables would then be inputted into the REMI model and a forecast would result.  This forecast can then help the officials decide whether they should or should not decrease water/sewer rates, for example.  The REMI model, then, is a quantitative tool that aids in qualitative analysis, which can help in decision making.  Although this model does provide industry specific output data at the county level, it also provides many other data series.  Because of the complexity and wide range of data it provides officials, the REMI model is quite expensive--significantly beyond the resources of this study.

F.  Minnesota IMPLAN Group 


The Minnesota IMPLAN Group, Inc. (MIG) is a group of scholars from Minnesota who have also developed software and databases that can facilitate in-depth analysis of state and county economies
.  The developmental stages of IMPLAN (IMpact analysis for PLANning) were done by the Forest Service of the U.S. Department of Agriculture. MIG has been developing these databases, with the use of many official government sources, since 1988 and have estimated output and value added data for manufacturing at the county and even zip code level.  Their data are used primarily for impact analysis, which assesses the influences that businesses have on each other through an I/O table.  Their model can be used to estimate the economic impact that a new business, sports team, or other operation will have on an area.  Their model parallels the BEA’s RIMS II model in that it measures inter-industry relationships.  MIG uses a lot of data (mostly from government sources) to estimate their I/O tables.  Among these data are output and employment disaggregated by industry, and productivity is not assumed to be constant across areas.  Thus the IMPLAN data may be appropriate for this study.  While it must also be purchased, its cost is not completely prohibitive.
G.  Edward (Ned) Hill of Cleveland State University

Ned Hill has done research and data manipulation on productivity at the metropolitan level.  He estimated GMP and manufacturing GMP for all Metropolitan Statistical Areas (MSAs) in the U.S.
  The GMP and manufacturing GMP data were estimated using gross state product (GSP) distributed by payroll at the county level.  The counties were then aggregated together according to the BEA’s definition of metro areas
.  Hill then used the manufacturing GMP data, which was derived from GSP, and county level employment data in manufacturing to calculate productivity measures for each MSA.  Productivity was calculated by dividing manufacturing GMP by employment to yield output per worker.

Although Hill’s method does provide the data needed for metropolitan areas, it does not take into account the objectives of this study.  One of the goals of measuring productivity at the metropolitan or county level, rather than the national or state level, is to be able to acknowledge and analyze that productivity is not constant through space.  Areas within the nation and states might be expected to have differing levels of productivity.  Distributing GSP by payroll to the county level, as Hill has done, would assume that productivity remains constant throughout each state.  This implies that, within any given state (holding inputs, such as capital and labor hours, constant), any worker would produce the exact same amount of output as the next worker.  This is not accurate; different workers produce different amounts of outputs.    

VII.  Data Sources Used


Although no data source could be found that completely fulfills the needs of this study, measuring Erie’s productivity is important and should be investigated, even if it results in a less-than-perfect measure.  Finding an appropriate output measure for Erie (or any county) is difficult.  Therefore, two of the data sources listed above were explored for this study:  the Economic Census and IMPLAN
A.  Economic Census


The Economic Censuses offer a wide variety of data that are available at the local level and disaggregated by industry. 
  With regard to manufacturing, they offer value added, value of shipments, and hours worked, among others.  Using value added and hours worked in manufacturing by production workers to calculate productivity measures will allow the typical “output divided by input” technique to be used (rather than the “input divided by input” approach needed when income is used) and would also result in the most accurate measure of productivity.  Unfortunately, the Economic Censuses are only carried out every five years, which limits the amount of data available and does not allow one to focus on changes in productivity between the years of Censuses or through the business cycles.  They do, however, provide data that can be useful in observing productivity trends.
  This section will present those data.
1.  Production Worker Hours
   
Since 1977, the number of hours worked in manufacturing by production workers
 in the U.S., PA, and Erie has decreased (Figure 4).
  Of the three areas, PA has had the largest decrease in hours worked by manufacturing production workers, which had been declining at an average rate of about 9% every five years in the 1977 to 1997 span.  The U.S. and Erie also had similar, though not as dramatic, negative trends in hours worked by production workers declining at an average rate of 2% in the U.S. and 0.6% in Erie every five years from 1977 to 1997.   
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FIGURE 4:  MANUFACTURING PRODUCTION WORKER HOURS
*Data collection changed from SIC to NAICS in 1997.  See Appendix for a disaggregation example.
Source:  U.S. Census Bureau, Economic Census

The five-year percent changes in hours worked by production workers are illustrated in Figure 5.  From 1977 through the late 80’s, Erie’s index of hours worked by production workers had remained well below the US’s.  However, in more recent years, Erie has begun to surpass the U.S., perhaps due to the county’s higher concentration in manufacturing employment. Erie has actually seen growth in hours worked from 1987 to 1997, despite the U.S.’s lack of growth in this variable and PA’s significant decline.  Clearly, the recent trend in Erie is different from those in the U.S. and PA.
  It should be mentioned, however, that changes from 1992 to 1997 could reflect the reclassifications from SIC to NAICS definitions. 
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FIGURE 5:  PERCENT CHANGE IN MANUFACTURING PRODUCTION WORKER HOURS
*Data collection changed from SIC to NAICS in 1997.  See Appendix for a disaggregation example.
2.  Real Value Added
Real value added (i.e., manufacturing output adjusted for inflation) has had fairly steady, positive growth in the U.S., PA, and Erie (Figure 6).
  Erie and PA have had slower growth in this variable than the nation, averaging 26% and 22% from 1977 to 1997, respectively, compared to the nation’s average growth of 34% (Figure 7).  There was a slowdown in real value added growth in all three areas from 1987 to 1992, but a more rapid growth rate from 1992 to 1997.  Erie’s real value added index has been below the national rate and has typically grown at a slower rate since 1977.  From 1992 to 1997, Erie’s real value added index has shown relatively strong growth which could be a positive sign that Erie’s firms have performed better. Despite this recent growth, Erie’s real value added index value was still 26% below the US’s.  Erie has, however, maintained higher index values than PA throughout the 20 year period.
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FIGURE 6:  INDEX OF REAL VALUE ADDED BY MANUFACTURE 
*Data collection changed from SIC to NAICS in 1997.  See Appendix for a disaggregation example.
Source:  U.S. Census Bureau, Economic Census
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FIGURE 7:  PERCENT CHANGE IN MANUFACTURING VALUE ADDED

*Data collection changed from SIC to NAICS in 1997.  See Appendix for a disaggregation example.
3.  Productivity
Simply looking at the past movements in real value added and manufacturing production worker hours separately is insufficient.  The real value added data suggests that Erie manufacturing firms are performing at adequate levels and maintaining strong positive growth; and although Erie’s real value added index is not as strong as the nation’s, it is stronger than Pennsylvania’s.  However, production worker hours suggest, simply, that there have recently been more hours worked in Erie’s manufacturing firms relative to the U.S. and PA.  This may be viewed as being beneficial for the area since manufacturing jobs tend to pay higher wages than jobs in other sectors.  There is, however, a missing link between the two variables--productivity.  

Productivity can be calculated easily from the data above by dividing real value added by the number of production hours worked.  Figure 8 depicts manufacturing productivity trends in the U.S., PA, and Erie.  From 1977 to 1982 productivity in the U.S. and Erie were nearly identical, while PA lagged somewhat behind.  Beginning in the early 1980s, however, Erie’s manufacturing output per worker began to diverge from the US’s and PA’s, which maintained steady productivity growth.  In the ten year period from 1982 to 1992, Erie’s productivity growth remained weak and flat, totaling 20% (Figure 9).  During this same ten year period, total productivity growth in the U.S. was 62%, and in PA, 72%.  Both areas more than tripled Erie’s total productivity growth from 1982 to 1992.  
More recently, from 1992 to 1997, Erie’ s productivity began to grow more strongly at 28%, while the U.S. grew at 23% and PA grew at 24%.  Despite this recent surge of productivity growth in Erie, its productivity value is still well below the US’s and PA’s.  In 1997, the US’s, PA’s, and Erie’s real value added per production hour worked were $77, $73, and $60, respectively.  This means that workers in Erie’s manufacturing firms were adding, on average, $60 of value to goods for every one hour worked, 28% less than the US and 22% less than PA.  This shows a big difference since 1977 when Erie’s manufacturing workers were actually outperforming the U.S.’s by 4% and PA’s by 3%.   

Erie’s productivity gap--the difference between two area’s productivity numbers--may place it at a serious competitive disadvantage with regard to attracting and retaining industry.  The productivity gap is illustrated in Figure 10.  The red bars show the gap between Erie and the U.S. and the green bars show the gap between Erie and Pennsylvania.  A  positive number means Erie’s productivity is higher that of the other areas and a negative number means that Erie has lower productivity.  
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FIGURE 8:  MANUFACTURING PRODUCTIVITY TRENDS

*Data collection changed from SIC to NAICS in 1997.  See Appendix for a disaggregation example.
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FIGURE 9:  MANUFACTURING PRODUCTIVITY PERCENT CHANGE

*Data collection changed from SIC to NAICS in 1997.  See Appendix for a disaggregation example.
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FIGURE 10:  ERIE’S MANUFACTURING PRODUCTIVITY GAP
*Data collection changed from SIC to NAICS in 1997.  See Appendix for a disaggregation example
The data for production worker hours, real value added, and productivity in manufacturing for the U.S., PA, and Erie are shown in Tables 1, 2, and 3, respectively.

TABLE 1:  U.S. ECONOMIC CENSUS PRODUCTIVITY DATA

	
	U.S.

	Year
	Production Worker Hours (millions)
	Real Value 
Added (millions)
	Productivity
(Dollars per Hour)

	1977
	26,686.7
	  $ 592,309.9
	$ 21.19

	1982
	23,538.3
	         907,243.9
	  38.54

	1987
	24,300.6
	      1,263,750.7
	  52.00

	1992
	23,563.1
	      1,468,195.0
	  62.31

	1997*
	24,183.3
	      1,851,892.3
	  76.58


*Data collection changed from SIC to NAICS in 1997.  See Appendix for a disaggregation example.
Source:  U.S. Census Bureau, Economic Census

TABLE 2:  PA ECONOMIC CENSUS PRODUCTIVITY DATA

	 
	PA

	Year
	Production Worker Hours (millions)
	Real Value 
Added (millions)
	Productivity
(Dollars per Hour)

	1977
	1,781.6
	$ 39,351.6
	$ 22.09

	1982
	1,436.0
	         49,350.9
	  34.37

	1987
	1,330.1
	         62,448.1
	  46.95

	1992
	1,212.6
	   71,490.0
	  58.96

	1997*
	1,198.2
	   87,449.5
	  72.98


*Data collection changed from SIC to NAICS in 1997.  See Appendix for a disaggregation example.
Source:  U.S. Census Bureau, Economic Census

TABLE 3:  ERIE ECONOMIC CENSUS PRODUCTIVITY DATA
	 
	Erie

	Year
	Production Worker Hours (millions)
	Real Value 
Added (millions)
	Productivity
(Dollars per Hour)

	1977
	55.8
	$ 1,279.7
	$ 22.93

	1982
	46.4
	   1,795.4
	  38.69

	1987
	46.6
	   2,084.0
	  44.72

	1992
	51.6
	   2,392.1
	  46.36

	1997*
	53.4
	   3,173.2
	  59.42


*Data collection changed from SIC to NAICS in 1997.  See Appendix for a disaggregation example.
Source:  U.S. Census Bureau, Economic Census
B.  Minnesota IMPLAN Group

The Minnesota IMPLAN Group (MIG) has data for Erie on the value of manufacturing output and manufacturing input data that parallel the Economic Censuses data described in the previous section.  However, they differ in three ways. 
  
First:  Their timing.  These data are available annually--a significant improvement over the quinquennial timing of the Economic Census.  Unfortunately, the MIG data are only available from 1990-1999, a significantly shorter period than the Economic Census data. 

Second:  Their output measure.  MIG output data are for the value of shipments, not the value added that the Census reports.  The value of shipments data measure the total amount of receipts, including primary, secondary, and miscellaneous receipts
.  The value added data measure the value of shipments minus the cost of materials, supplies, containers, fuel, purchased electricity, and contract work
.  These two different data measurements will give different results--the value of shipments statistics are much larger than the value added statistics.  
Third:  Their input measure.  MIG reports manufacturing employment as number of employees, rather than hours worked, as the Economic Census does.  The number of employees is simply the sum of all full and part time employment including employees on paid sick leave, paid holidays, and paid vacations
.  The hours worked is the total number of hours worked by production workers, which excludes vacations, holidays, or sick leave
.
This means that productivity numbers based on the real value of shipments per employee from the MIG  data will be much larger than the productivity numbers based on real value added per worker hour from the Economic Census.  Variations between Erie and the U.S. in these data may also be due to differences in the percentage of full- vs. part-time employees, rather than true productivity differences.

  Although the ideal measure of productivity is real value added for each production hour worked, these two data sources can complement each other and give more detailed insight into the productivity measures.  The MIG data can be used to analyze changes in productivity from year to year, which the Economic Census data cannot do.  The following sections present a comparison of data from the two sources.
1.  Number of Employees
 The MIG data on manufacturing employment are illustrated in Figure 11.
  They give results that are similar to the Economic Census data (Figures 11 and 12) in that, generally, manufacturing employment has been declining.  The MIG data show that from 1992 to 1995, Erie’s employment index was above the U.S.’s, indicating that relative to the U.S., Erie had less of a decline in the number of employees in manufacturing.  From 1996 to 1998, the U.S.’s manufacturing employment index surpassed Erie’s and more recently, in 1999, they have converged.  The Economic Census data show that, in 1997 the U.S.’s manufacturing employment level was above Erie’s, which is consistent with the MIG data.  However, these two data sources give conflicting trends in 1992 when MIG suggested that, in relative terms, Erie’s manufacturing employment was above the U.S.’s whereas the Economic Census suggested the U.S.’s was above Erie’s.
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FIGURE 11:  MIG MANUFACTURING EMPLOYEES              FIGURE 12:  ECONOMIC CENSUS 
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2.  Value of Shipments


The value of shipments data from MIG and the Economic Censuses are shown in Figures 13 and 14.  MIG shows that, in relative terms, since 1990 Erie’s manufacturing value of shipments has tracked the nation’s fairly closely and was even slightly above in 1993.  Between 1995 and 1996 Erie did diverge slightly from the U.S., but has more recently regained stronger growth in manufacturing value of shipments and is quite close to the nation’s index.  The Economic Census gives a similar historical trend with regard to these data.  It shows fairly strong positive growth in the value that manufacturers are shipping from their plants.  While Erie’s index did not surpass the U.S., it has maintained positive growth in the 15-year period from 1982 to 1997.  The Economic Census data shows that in 1992, Erie’s index was well below the U.S.’s, whereas MIG had suggested that the two areas had almost identical indexes of value of shipments.  In 1997, the two data sources both show that Erie’s index was below the nation’s.
  However, since the two graphs use different years as the base for their indexes, they are no completely apples-to-apples comparisons.
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     FIGURE 13:  MIG REAL VALUE OF SHIPMENTS                   FIGURE 14:  ECONOMIC CENSUS MANUFACTURING 
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                     Source:   Minnesota IMPLAN Group                                                        Source:  U.S. Census Bureau, Economic Census

3.  Productivity

Manufacturing productivity (value of shipments per employee) from MIG and the Economic Censuses is shown in Figures 15 and 16. It should be noted that Figures 15 and 16 are not indexes of productivity; they are in dollars--total real value of shipments per employee for a year.  And the estimates from the Economic Census here are per employee per year, not per hour worked as presented in the previous section.  

The two data sources show very similar productivity trends for the two areas:  Erie manufacturing workers have performed consistently lower than the U.S.’s, both areas have had fairly large gains in productivity growth, and their productivity measures have moved together through time very well.  The MIG data indicates that the year to year changes in productivity growth in Erie and the U.S have been quite stable with the biggest change occurring from 1991 to 1992.  The Economic Censuses show that from 1977 to 1982 productivity actually had negative growth of -3% in both Erie and U.S.  In the ten year span from 1982 to 1992 Erie and the U.S. had constant productivity growth, even though Erie had a significantly lower growth rate.  From 1992 to 1997 Erie’s productivity showed resilience and grew 46%, whereas the U.S.’s grew 35%--11% less than Erie’s.  
Despite these recent strong growth rates, Erie’s productivity gap has widened in relation to the U.S.  The productivity gap is the difference between two areas’ productivity measures.  In this section, the productivity gap is the difference in the value of shipments per employee between the U.S. and Erie.  The MIG data suggest that the productivity gap in 1990 was $20,000 per worker on an annual basis, it grew strongly, and by 1999 it had almost doubled to $38,000 (Figure 17).   Erie’s manufacturing firms were shipping $20,000 less per employee than the average U.S. firm in 1990 and that gap almost doubled to $38,000 in 1999. The Economic Census data suggest that the productivity gap in 1977 was about $23,000, while in 1997 it was almost $52,000--more than doubling in that twenty year span (Figure 18).  Both data sources show that Erie’s productivity gap between Erie and the average of U.S. workers is growing.  Again, this productivity gap is problematic for the Erie area and can help explain why Erie has had lower incomes than the national average.
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FIGURE 15:  MIG MANUFACTURING 
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VIII.  Conclusions

Erie County, PA has a greater percentage of employment, and therefore income, in manufacturing than the U.S. and PA.  Since the 1970s, manufacturing employment and hours worked by production workers have generally decreased in all three areas while the value of shipments and value added by manufacture has increased.  Income levels in Erie have increased, however not as fast as the nation’s or PA’s.  Erie does have a specialization in manufacturing, which typically pays higher wages than other jobs, yet Erie’s lower income per capita does not reflect this specialization.  Productivity, or output per worker, may be the missing link between Erie’s slower income growth and high concentration in high-paying manufacturing jobs.

Historically, productivity in Erie manufacturing has generally not been at the same levels nor has it grown at a rate near those of the U.S. or PA.  For the most recent year available, Erie’s manufacturing production workers are only adding, on average, $60 of value to goods for every hour worked.  Compare this to $77 in the U.S. and $73 in PA and it becomes clear that there is a significant productivity gap between Erie and the U.S. and PA.  This productivity gap can help explain the gap in income per capita between Erie and the other areas.  Residents in Erie earned about $4,700 less than the average U.S. resident and almost $4,800 less than the average PA resident in 2000.  These lower (nominal) incomes in Erie translate into a lower standard of living in Erie than in the U.S. or PA.  This also means that Erie’s manufacturing firms are not as competitive as the U.S.’s or PA’s, on average.  
IX.  Further Research

A key question, of course, is why Erie’s productivity is below that of the nation.  That question is beyond the scope of this project.  We can speculate here about some possible causes, however, as a spur for further research.  

One possible explanation of why Erie has lower manufacturing productivity might be attributed to the amount of money spent on capital.  A worker who has more, high-quality capital at his disposal should be more productive.  If Erie’s firms are not investing in new technologies and capital, then their employees might not be expected to be as productive.  Another possible explanation of the productivity gap could be that Erie’s employees have not had as much education as employees in other areas.  An educated worker should be more productive than an uneducated one.  Vocational training, for example, would give workers greater knowledge about the field in which they work, leading them to work more efficiently, resulting in increased productivity.
An obvious extension of this study would be to examine the amount spent on capital in the area’s manufacturing firms.  The BLS does this for the U.S. so national data are available for comparison with local and state data.  Including capital expenditure when calculating productivity may explain the productivity gap between the Erie and the U.S. and PA.  The BLS also measures productivity in an alternate way, factoring in capital (K), labor (L), energy (E), materials (M), and purchased business services (S) (KLEMS multifactor productivity).  Examining the amounts of those other inputs would give an even more accurate measure of productivity at the local level.  Another possibility in continuing this research would be to explore causes of productivity levels for Erie, the U.S. and PA.  Factors such as KLEMS, education, training, or population size might be included in the model.  This would allow one to examine what accounts for the changes in productivity levels through time and space.       
Appendix
This Appendix gives examples of NAICS and SICS industry categories in the manufacturing sector.  The 2-digit SICS and 3-digit NAICS codes cover all manufacturing activity.  The tables below show a more detailed breakdown for one industry, “Food and Kindred Products” and “Food Manufacturing” as an example of the differences and similarities between the two systems.  In each classification system more digits yields greater industrial detail

3-digit NAICS (new system)
	NAICS

311
	Food mfg

	312
	Beverage & tobacco product mfg

	313
	Textile mills

	314
	Textile product mills

	315
	Apparel mfg

	316
	Leather & allied product mfg

	321
	Wood product mfg

	322
	Paper mfg

	323
	Printing & related support activities

	324
	Petroleum & coal products mfg

	325
	Chemical mfg

	326
	Plastics & rubber products mfg

	327
	Nonmetallic mineral product mfg

	331
	Primary metal mfg

	332
	Fabricated metal product mfg

	333
	Machinery mfg

	334
	Computer & electronic product mfg

	335
	Electrical equipment, appliance, & component mfg

	336
	Transportation equipment mfg

	337
	Furniture & related product mfg

	339
	Miscellaneous mfg


4-digit NAICS of Food Manufacturing

	NAICS

311
	Food mfg

	3111
	Animal food mfg

	3112
	Grain & oilseed milling

	3113
	Sugar & confectionery product mfg

	3114
	Fruit & vegetable preserving & specialty food mfg

	3115
	Dairy product mfg

	3116
	Meat product mfg

	3117
	Seafood product preparation & packaging

	3118
	Bakeries & tortilla mfg

	3119
	Other food mfg




2-digit SIC (old system)
	SIC

 20
	Food and kindred products

	21
	Tobacco products

	22
	Textile mill products

	23
	Apparel and other textile products

	24
	Lumber and wood products

	25
	Furniture and fixtures

	26
	Paper and allied products

	27
	Printing and publishing

	28
	Chemicals and allied products

	29
	Petroleum and coal products

	30
	Rubber and miscellaneous plastics products

	31
	Leather and leather products

	32
	Stone, clay, and glass products

	33
	Primary metal industries

	34
	Fabricated metal products

	35
	Industrial machinery and equipment

	36
	Electronic and other electric equipment

	37
	Transportation equipment

	38
	Instruments and related products

	39
	Miscellaneous mfg industries


3-digit SIC of Food and Kindred Products

	SIC

20
	Food and kindred products

	201
	Meat products

	202
	Dairy products

	203
	Preserved fruits and vegetables

	204
	Grain mill products

	205
	Bakery products

	206
	Sugar and confectionery products

	207
	Fats and oils

	208
	Beverages

	209
	Miscellaneous food and kindred products
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t-stats: year = 2.24, for year2 = 17.69, N = 51.





�  Business data were provided by:  U.S. Department of Labor, Bureau of Labor Statistics.  Productivity and Costs.  Available online at:  http://www.bls.gov/lpc/home.htm#data.
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� The productivity data for the business sector was in index form with a base year of 1992.  To compare manufacturing and business productivity, both data series were put into indexes with a base year of 1949.  The business sector data reflects an index of an index.  





Regression statistics for manufacturing quadratic trend line:  Y = 0.0894(year2)+ 0.6212(year) + 104.51, R2 = 0.9927, 


t-stats:  year = 2.26, year2 =17.77, N = 51.





Regression statistics for overall business linear trend line:  Y = 4.5138year + 96.109, R2 = 0.9945, 


t-stat:  year = 95.35, N = 52.
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