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ABSTRACT 

This thesis examines whether industry clustering results in higher manufacturing 

wages for Iowa counties. The industry for any given plant is defined to be the set of 3-digit 

SIC codes that use unusually large proportions of the same occupations as it's own 3-digit 

SIC code. as measured by key-occupation elasticities. Industry clustering is captured by 

measures of industry density (the number and relative size of plants in the industry) and 

industry size. A model is used which includes controls for workforce size (urbanization). 

plant size, mix of 4-digit industries, workforce education. and other relevant variables that 

predict county manufacturing earnings per worker. Weighted least squares regressions were 

performed for ten manufacturing sectors. The combined effect of industry size and industry 

density on manufacturing earnings is negative in half of the ten sectors. The four sectors 

where clustering has the largest negative effects on wages are sectors where a significant share 

of rural plants serve local markets. Increases in industry size raise earnings in metals. 

industrial equipment and transportation equipment by a modest amount. Workforce size has 

a substantial positive effect on earnings in most manufacturing sectors, as does plant size. 

Urbaniza.tion is estimated to have the strongest effect on earnings in printing & publishing, 

electronics & instruments, and chemicals. The only two sectors where it has virtually no 

positive effect on wages are textile & leather products and meatpacking. The coefficients 

estimated by the model accurately predict differences between metro and nonmetro counties 

earnings in general, but are not able to fully account for wide differences in earnings among 

nonmetro county types. 
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GENERAL INTRODUCTION 

Nonmetro workers have lower earnings than metro workers. and the gap between 

them has widened over the past twenty years. Between 1979 and I 987. the share of 

nonmetro workers earning Jess than $5.58 an hour (in 1987 dollars) grew from 31.9% to 

42.1 %, compared with an increase fo r metro workers from 23.4 to 28.9%. Among those with 

year-round full-time schedules. 25% of nonmetro workers earned less than $5.58 an hour. 

compared to 14% in metro areas. (Gorham 1992. Gorham and Harrison 1990) While the 

1990s brought renewed job growth to many nonmetro areas in the U.S .. much of this growth 

continues to be in low-wage jobs. 

Agriculture, forestry, mining and other extractive industries where rural areas 

traditionally had a comparative advantage have all shed large numbers of workers in recent 

decades. and will continue to do so. Future improvements in earnings for substantial numbers 

of rural workers will have to come through manufacturing and service jobs. Due to spatial 

division of labor in the production of goods and services, rural areas frequently gain the 

lower-skilled. lower-wage stages of production processes in both manufacturing and services. 

Although nationally the service sector is growing far more rapidly than manufacturing, so far 

much of the evidence also indicates that rural areas are at an even greater disadvantage in 

attracting and generating high-wage jobs in services (Coffey and Shearmur 1997). 

The main purpose of this study is to examine a dataset on Iowa manufacturing plants 

to see whether industry clusters show significant potential to raise rural manufacturing 

earnings. We use a model of the determinants of county manufacturing wages to estimate the 
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effects of industry size, industry density. and overall workforce size, after controlling for 

workforce education, plant size. industry mix. and other area characteristics. 

Thesis Organization 

This thesis begins with a general introduction that includes a literature review. The 

main body of the thesis is a manuscript prepared for submission to the journal Growth and 

Change. written according to their specifications and format. The third chapter contains a 

more detailed description of the data and methods of measurement. and a fourth chapter 

describes the procedure for estimating individuaJ firm sizes. The appendix includes additional 

tables and maps. A list of references is at the end of the thesis. 

Literature Review 

The economic literature on agglomeration dates back at least 100 years, when Alfred 

Marshall drew attention to external economies due to localization of industries in particular 

locales in his Principles of Economics (1920 [ 1890]) and other writings. Hoover first divided 

agglomeration externalities into localization and urbanization economies in his study of the 

shoe industry ( 1937), and this distinction found its way into regional science textbooks by 

the 1950s (Isard 1956). Regional scientists, urban economists, and regional economists have 

performed quantitative analyses of agglomeration for more than thirty years. 

However, there is still vigorous debate about whether urbanization or localization 

economies are more important in the development oflocal and regional economies. Glaeser 



www.manaraa.com

3 

et. al. ( J 992) studied long-term growth of large manufacturing. wholesale and service 

industries in 170 U.S. cities. and found that initially large industries (relative to the size of 

overall city employment) grew at a slower rate than initially small industries. Henderson 

( 1995) found evidence of both urbanization and localization economies for new. high tech 

industries (electronic components, medical equipment. and computers). and evidence for 

localization but not urbanization economies in five mature capital goods industries. Other 

studies show a similarly wide range of results and conclusions. 

In particular. there is considerable uncertainty and disagreement about the best ways 

to measure localization and estimate its impact. Consequently. a recent study by Harrison. 

Kelley and Gant (1996) of the adoption of programmable machining tools among U.S. 

metalworking establishments reported results for seven models using seven alternative 

measures of localization (in otherwise identical specifications). When detailed individual 

plant characteristics were included neither urbanization or localization was significant to 

adoption, but both were significant after corrections were made for technical problems 

(urbanization was the more important of the two). 

Unfortunately. estimates of the impact of localization economies are sometimes quite 

sensitive to production function specification. Greytak and Blackley ( I 985) found industry 

size to be stati stically significant and positive using a Cobb-Douglas specification, but not 

when us ing a CES production functi on. 

It may well be that urbanization economies are most significant in some industries and 

that localization economies make a greater difference in others, while in still other industries, 
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both are comparativelJ unimportant. Vernon Henderson ( 1988) argues that the largest mega-

cities become centers for those industries where strong urbanization economies outweigh the 

higher rents and costs, while smaller cilies specialize in one or more industries where 

localization economies are most important. Rural areas may do the same and specialize in 

industries where they can achieve localization economies. Or if we find industries where 

neither urbanization or localization economies are very important. thjs tells us that rural areas 

have stronger potential to engage in these industries and achieve comparable levels of 

productivity and wages. 

Until quite recently, studies of agglomeration focused almost exclusively on large 

cities and metro areas. Henry and Drabenston (1996) analyzed component economic areas 

(CEAs) with rural employment growth for 18 manufacturing, wholesale, and service 

industries, and reported that a critical mass of similar firms was a major factor in rapid rural 

job growth. The authors note that the strong results for overall manufacturing employment 

(clearly too broad to measure localization) suggest that their rural industry cluster variable 

may be capturing both rural county size (urbanization) and localization effects for the rural 

counties in question. 

Gibbs and Bernat ( 1997) found that U.S. manufacturing workers in labor market areas 

with a cluster in their industry earned 7 percent more on average than otherwise identical 

workers in the same industry outside of clusters. The wage premium was twice as large (13 

vs. 6 percent) for predominantly rural labor markets (less than 30% metro) as compared with 

labor markets that are over 70% metro. The reported effect was larger than the effect of 
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urbanization. 

Saxenian (1994) asserts that it is differences in industrial systems and production 

organization. and not just industry size (or city size). that account for the long-term success 

or failure of regional industries. She attri butes the strong economic growth of Silicon Valley 

to its large number of smaJJer firms linked by flexible subcontracting relationships. formal and 

informal networks. and institutions supponive of startups. Saxenian contrasts this with 

Route 128, dominated by a handful of large vertically integrated finns, which failed to adapt 

to changes from mainframes to minicomputers to personal computers. 

Florida (1990). Christopherson (1992), Harrison ( 1994) and others question the 

relevance of the Silicon Val ley model to most regions and industries. Markusen ( 1996) argues 

that the vertically-disintegrated and highly entrepreneurial "Marsballian" industrial districts 

such as Silicon Valley, the Third ftaly and southern German metalworking, which have 

received most of the recent attention. are comparati vely rare and unusual. She asserts that 

"hub-and-spoke" clusters dominated by one or a few large, vertically-integrated firms are far 

more common. and far more important to sustained growth in today's economy. 
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THE lMPACT OF INDUSTRY CLUSTERING ON 
IOWA MANUFACTURING WAGES 

A paper prepared for submission to Growth and Change 

Lee Hill and Daniel Otto 

Introduction 

Wages and earnings in nonmetro areas are considerably lower than in metro areas. 

Within U.S. manufacturing, rural earnings per job were around 74% of metro pay levels 

througout most of the I 970s, peaked at 76% in 1979, and have steadily declined since then to 

70% of metro earnings in I 991. (Bernat 1994). In I 987, 28.9% of non.metro manufacturing 

workers earned less than $5.58 an hour - the wage required for a full-time year-round job to 

earn an income equal to the poverty line for a household of four - compared to 16.7% of 

metro manufacturing workers (Gorham 1992). 1 

Non.metro workers tend to have lower average levels of schooling and experience than 

metro workers, and we expect this to lead to lower wages. However, one study estimates 

that two-thirds of the metro-nonmetro earnings gap is because returns to education and work 

experience are lower for a non.metro worker than for a metro worker with the same 

characteristics (McLaughl in and Perman 1991). Low wages in rural areas of the U.S. cannot 

be explained simply as a lack of human capital. 

Studies that find industries have higher levels of pay in highly urbanized counties 

frequently assume that firms innovate, share information, and adopt new technologies more 

rapidly in metro areas and larger cities, and offer this as explanation for higher pay. But while 
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Kusmin found computer use in the overall work force was lower in nonmetro areas. most of 

this difference reflected differences in the composition of industries and occupations in 

nonmetro areas (Kusmin 1996). In a study focused on the metalworking. industrial and 

transportion equipment, electronics and instruments (SIC 33-38) industries, Gale (1998) 

found that nonmetro plants were slightly more likely to adopt advanced technologies than 

metro plants in these industries, even though metro counties had a higher proportion of new 

plants. In a study of machining firms, Harrison, Kelly and Gant (1996) found the highest 

levels of technology adoption in adjacent nonmetro counties and small metros, with the 

lowest in metro areas over 1 million and nonadjacent rural counties. 10.3% of nonmetro 

shipments were exported overseas in 1995, little different from 11.3% of metro shipments. 

(Gale I 998b) As recently as 1989, new capital investment per manufacturing worker in 

nonmetro areas was 96% of metro levels, although rural investment per worker dropped 

rapidly to 86% of metro in 1991 and 1992. and was 73% of metro investment once paper and 

allied products are excluded (Bernat 1995). 

In recent years, a growing number of economic development practitioners and 

researchers have turned to industrial districts, industry targeting. and sectoral clusters as a 

potential key to local and regional development (Piore and Sabel 1984. Pennsylvania 

Economic Development Partnership 1988, Rosenfeld et. al. 1989, New York State 

Department of Economic Development 1993, California Economic Strategy Panel 1994, 

Univ. of Minnesota. Metropolitan Council 1995, Aspen lnstitute 1995). Industrial and 

sectoral approaches to economic development are nothing new: growth pole strategies and 



www.manaraa.com

8 

multiplier analyses were a centerpiece of development policy in the '50s and '60s (lsard 1956. 

1960). The early emphasis was on sales linkages between firms and industries that increased 

the local or regional multiplier. in an era of broad growth across most sectors in the U.S. and 

many other industrialized nations. Foreign competition in steel and consumer products in the 

1970s and 1980s and cutbacks in U.S. defense contracts during 1988-1992 taught us that 

strong multipliers that are a virtue during periods of growth can also exacerbate downturns 

resulting from sectoral contractions. This Jed to widespread calls for industrial diversification. 

What is distinctive about the new interest in industrial clusters is an added focus on their role 

in enhancing innovation, skill development. flexibility, and technology and information flows 

in order to maintain competitiveness in a rapidly changing global economy. In his analysis of 

photonics in Rochester NY and waste management services in Buffalo NY. Sternberg ( 1991 ) 

points out that the most important benefits of some sectoral clusters may have nothing to do 

with whether the firms buy from and sell to one another. 

The literature on clusters general ly treats industry size and density as necessary but 

not sufficient conditions for an industry cluster. Most of these writers also place a strong 

emphasis on interactions among firms, including sales-purchase linkages, direct 

communication and interaction with managers and employees in other firms. and transfer of 

skills and technology as workers and subcontractors move from one firm to another. 

Previous qualitative research by the author on plastics, foundries, and die-casters in eastern 

Iowa indicates that the nature and extent of such interactions can vary widely from one 

industry to another and among equally dense "potential clusters" in the same industry, and 
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that these interactions can be increased by policies such as fostering local industry consortia. 

But for purposes of this srudy, industry clustering is treated merely as synonymous with 

localization economies: effects of the density of plants and the size of a particular industry. I 

do not measure any flows of goods, services. information, or employees. Nevertheless. even 

if only a significant fraction of"potential clusters" actually have strong interactions of these 

types. it is reasonable to expect we can detect evidence of these effects in our regressions. 

This study analyzes a dataset on Iowa manufacturing plants to look for evidence of 

whether clustering among plants that hire large proportions of the same specialized 

occupations leads to higher manufacturing wages. We estimate a model of the determinants of 

county manufacturing earnings that also includes controls for differences in industry mix, 

workforce education, plant size. and other relevant variables in order to distinguish the effects 

of industry scale and density from the effects of general size of the local economy. If a firm 

has higher productivity when located in a dense concentration of establishments in the same 

industry than it would when isolated from firms in its own industry, then localization 

economies are said to be at work. When a firm located in a large city has higher productivity 

than an otherwise identical firm operating in a smal ler local economy. urbanization economies 

exist. If manufacruring plants located randomly according to population. the larger counties 

wou ld naturally tend to have larger and denser concentrations of plants within specific 

industries. as well. So if agglomeration economies account for much of wage/productivity 

gap, it is not immediately obvious whether it is localization or urbanization economies that 

are responsible. Urbanization and localization economies (and diseconomies) may exist for a 
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number of reasons. These include greater scope for specialized occupations. skills. 

infrastructure. and producer services. economies of scale in upstream (input) and downstream 

markets. potentially increased technology transfer and exchange of information. more 

possibilities for contracting arrangements. the development of institutions that cater to the 

needs of the industry, or improved access to markets. 

There is wide disagreement in the literature about whether urbanization or localization 

economies are more important in the development of local and regional economies. Glaeser 

found that urbanization economies but not localization economies contributed to the growth 

of industries in cities. Henderson reports that only localization economies were important to 

local employment growth in a set of mature manufacturing industries, while both industrial 

diversity and own industry size contributed to growth in newly emerging industries. Ln 

particular. there is considerable debate and uncertainty about the best ways to measure 

localization and estimate its impact. For this reason, one recent study of technology 

adoption by metalworking firms (Harrison. Kelley, and Gant 1996) reported results for seven 

alternative measures of localization (in otherwise identical models). 

Early work on urbanjzation and localization economies defined urbanization as city 

scale and defined localization as industry scale. (Isard 1960) More recent discussions of 

agglomeration economies emphasize the importance of industrial diversity to urbanization 

economies (Jacobs 1969) and the importance of production organization to localization 

economies (Piore and Sabel 1984; Saxenian 1994). Most recent quantitative studies attribute 

urbanization and localization to benefits from the presence of other local firms. But when 
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they perform their analyses. most of these studies use only measures of industry scale for 

localization economies (either absolute size of the local industry, or size of the industry as a 

share of the local economy). These measures do not distinguish whether other sizeable plants 

are present. or whether nearly all of the industry employment is concentrated in a single large 

plant. If both plant size and industry size are measured in a similar fashion. then industry 

size may implicitly capture differences in the relative size of plants, but few studies do so. 

By contrast, many studies have included variables that measure industriaJ diversiry for 

urbanization economies. (Glaeser 1992; Henderson 1996) ft is far more difficult to measure 

structure within specific industries, for the simple reason that individuaJ firm data usuaJly 

cannot be obtained from publicly-available sources of data. 

Nondisclosure of detailed establishment and industry data is also related to a second 

criticism about the definition of industries in quantitative studies: either industrial data is too 

aggregated, or existing SIC codes often do not categorize relevant firms together well at any 

given level of detail. Some SIC codes are grouped more by final source of demand than by 

similar skills, production methods and materials. While useful and appropriate for some 

applications such as input-output analysis, these categories frequently do not group together 

plants using similar production technologies. Washers. dryers, refrigerators, and food and 

beverage equipment are classified under SIC 35 when sold for commerciaJ use, while 

potentially almost identical appliances sold to households are classified in SIC 36. If three 

plants in a local economy all produce transmissions - one for motor vehicles (SIC 37), one for 

household laundry equipment (SIC 36), and one for industriaJ tractors (SIC 35) - most 
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analyses of locali zation using 2-digit SIC codes treat these three plants as if they were no 

more related to one another than a canning plant. a steel mill. and a semiconductor plant. 

This study is able to use finer levels of industry detail than most previous analyses 

because it uti lizes ES 202 data with complete disclosure of earnings and employment (even 

where there is only a single establishment in the industry). Because this data was only 

available for 99 counties in a single state, this increased precision comes at the cost of fewer 

cross-section observations. This study also defines which plants are in the same "industry" 

in a different fashion. Rather than classify 3-digit industries into mutually exclusive 

categories. for any given plant I include in the same "industry" the plants in those other 3-

digit industries that also use unusually large proportions of the same occupations. While my 

emphasis is on specialized worker sk ills. this method will naturally also tend to group 

industries which rely on similar technologies, since specific occupations will often be closely 

related to particular production processes and types of capital equipment. 

The question we wish to answer is whether manufacturing earnings are higher for 

plants located in a cluster of plants that use unusually large proportions of the same 

specialized occupations than for plants that are not. If increases in industry size and industry 

density rai se earnings holding workforce size and other factors constant. then rural areas can 

potentially increase manufacturing earnings by specializing in one or more industry clusters, 

where we define an industry cluster to be a set of industries that share a reliance on a 

particular set of specialized occupations and worker skills. 
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Model 

ln order to look fo r evidence of the relative importance of urbanization and 

localization economies in determining manufacturing wages. we estimate a model of the 

determinants of county manufacturing earnings for ten manufacturing sectors. This is derived 

from aggregating the production functions of individual plants to the county level based on 

previous work by Henderson ( 1988. 1996) and Glaeser et. al. ( 1992). Factors that increase 

the productivity of labor will raise the marginal product of labor and the value of marginal 

product. Under conditions of competitive market equil ibrium. this increases demand for labor 

which. depending on the elasticities for supply and demand for labor. will lead to increases in 

either the equilibrium wage, the equi libirum level of employment. or some combination of 

both effects. 

Jn the neoclassical theory of the firm, individual firms are assumed to make decisions 

about their own o utput based entirely on their individual marginal costs/marginal producti vity 

o f their inputs. Where external economies ex ist. the collective outcome of these individual 

production decisions may change the costs or productivity of inputs in all the individual 

firms. and initially may result in a temporary disequilibrium. However. as firms respond to 

their new individual cost and production functions in each subsequent period through changes 

in output and entry/exit, the firms in the industry wi ll move toward equilibrium. 

We begin with the production function of an individual firm . In a basic model of the 

individual firm. total firm output is assumed to be a function only o f the firm 's own 

technology and input levels . By assuming that individual firms use production technology 
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with constant returns to scale in own output. we can aggregate individual firms and write a 

production function for a specific sector s in a particular county c at a particular time/. 

(1) Q = Q (x .x r ) = Yx x .x est est est 1 est] ' ···' cstn I :! .. n 

where x 1 .x .., .. .x are inputs. est est _ cs tn 

Measures of capital utilization in manufacturing are not available at the county-

industry level . due to nondisclosure in Census of Manufacturing and similar data. We 

assume a Leontief production function. where capital is assumed to vary proportionally to 

labor. While this specification does not allow for the possibility of substitution between 

capital and labor inputs based on changes in their relative prices. the advantage of thi s 

county-level approach is that we can measure characteristics specific to the local labor market 

area. Studies which use state-level data can derive a model with two inputs, but must 

necessarily include plants in the same unit of observation that may in fact be several hundred 

miles apart. in completely different labor markets. Since I am looking specifically for external 

effects through labor skills within a labor market area. which may vary widely within a state, 

I believe the use of sub-state data is important. 

If external economies exist with regards to industry scale or overall size of the local 

economy and we assume capital to vary proportionately to labor, this can be rewritten as: 

where. following Glaeser et. al. ( 1992) and Henderson ( I 996), a term for industry technology 

A cs/•) represents the external effects of agglomeration. 
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In equilibrium. the wage rate for sector s in county c at time twill equal the value of 

margina l product. 

(2) W = VM P = P * Q (x .... ) 
CS/ CS / es t CSI 

So with the presence of agglomeration economies, (2) becomes: 

(2') W = VMP = P * A (•) * Q (x .. .. ) 
CS/ es t est CS/ CS/ 

Here P . is the price of sector output. Differences in the price of sector output are assumed 
.\ 

to be captured by dummy variables for sectors. In this model. A is represented by 
CS / 

measures of urbanization (workforce size and urban/metro dummies) and localization 

(industry size and industry density). 

We estimate models for manufacturing sectors in county c separately in each of ten 

manufacturing sectors: 

log (EARN est)= bO + bl *log(US_PR_ EARNCS/) + b2*1og(PLANT_SZCS/) + 

b3*log(WKFC_SZ) + b4*log(TND_SZCS/)+ bS*log(CLUSTR-Mcst) + 

b6*(HS_EDc ) + b7*(C_EDc )+ b8*(086) + b9*(087) + b10*(088) + bl I *(D89) + 

bl2*(090) + bl3*(091) + b14*(092) + b1 5*(093) 

and a second model with dummies for additional county characteristics: 

log (EARN est) = bO + bl *log(US_PR_EARNCSI) + b2* 1og(PLANT_SZCSI) + 

b3*1og(WKFC_SZ)+ b4*log(IND _SZCSI)+ bS*log(CLUSTRCSI) + 

b6*(HS_ED ) + b7*(C_ED )+ b8*Iog(MET )+ b9*1og(URB20 )+ bl O*log(ADJ )+ 
c c c c c 
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bl I *log(HWY ) + b 12*log(COL ) + b 13*(086) + bl 4*(087) + b 15*(088) + b 16*(089) + 
c c 

b17*(090) + b18*(D91) + bl9*(092) + b20*(D93) 

A combined model with all ten sectors combines also includes nine dummy variable 

for a!J but one of the manufacturing sectors. to allow for different intercepts by sector. The 

slope parameters for explanatory variables are assumed to be the same across sectors. 

Variables: 

EARN = Average Annual Earnings per Job in county c in manufacturing sectors at time I. 
CS I 

Plant Characteristics 

US WT EARN = U.S. weighted average earnings: earnings if local industry mix in - - csr 

the sector earned the U.S. average annual wage for that year in each 4-digit SIC Code. to 

control for industry mix. U.S. weighted average earnings for sectors in county cat time tis: 

US_ WT _EARNcst = Nci!*Wuil for i = I ton 
IN cit 

where N . = employment in 4-digit SIC i in county c at time/, W . =U.S. average annual 
C lf /II( 

earnings in 4-digit SIC i at time I . and L,Ncit = total sectors employmenr in county cat timer. 

Changes in national earnings for 4-digit SI Cs are assumed to capture changes in the price of 

final output, parallel to Glaeser et. al ( 1992). 

PLANT _ SZcsi = Weighted average employment size of plants in County c in Sectors 

PLANT_ szcst = Nm*Npt for p = I to n 
'[.Npt 

where Np! = employment in plant p at time t, and L,Npt is total employment in sectors in 
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county c. Plant size may be interpreted as a proxy for differences in product mix within 4-

digit SICs. In those SICs where large plants do have significantly higher earnings. large plants 

generally produce quite different products from small plants.2 

Agglomeration/Clustering (A) 

WKFC_SZ =Size of overall workforce in the labor market area about county c 

WKFC_SZ = l:Lc*f(miles) 

for c = 1 to 244 

where Le = number of workers in county c in 1990 Census of Population and f(miles) is a 

weight between 0 and I. which is a function of the di stance between the center of population 

in the county A and the center of population in county B (the distance function is shown 

below - I use a piecewise linear function to approx imate values derived at 5-mile increments 

from Census commuting data. This function reaches zero at a distance of 80 miles). 

fND_SZw = Own industry employment in sectors within the labor market area 

about County cat time I 

Industry size for Plant o at time / is: 

IND SZ =L:N *f(miles)*E(Sp.Ro), fo r p = 1 to n - cot pt 

where NP' = employment in plant p that lies within the labor market area of plant o, n = the 

number of plants within the Labor Market Area about plant o that employ unusuall y large 

numbers of the same occupations as plant o, f(miles) is a function of the distance between 

plant o and plantp, and E(Sp,Ro) is a weight based on the occupational similarity of 3-digit 

SIC S(the 3-digit SIC ofplant p) to 3-digit SIC R (that of plant o). 
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Industry size for sector s in county c at time I is the weighted average of all plants in 

sector s in county c: 

IND_SZcst =) (No*(IND SZpl)) . for o = I to m 

l: No 

where m = the number of plants in sector s in county c, and N 
0 

= employment in plant o in 

sector s in county c. 

IND_ DENS est = Industry density measure based on relative size of plants in 

industry, described in the section on data below. 

Local Labor Supply Characteristics 

HS_ EDc = percent of adults ages 25-64 in county c with at least high school 

education in 1990 Census of Population. 

C _ EDc = percent of adults ages 25-64 in county c with college education in 1990 

Census of Population. 

Additional County Characteristics 

MET = Dummy variable ( I= Metro core county, 0 otherwise) 

URB20 =Dummy variable ( I= Nonmetro, 20.000+ urban residents. 0 otherwise) 

ADJ = Dummy variable ( I= Adjacent to Metro core county, 0 otherwise) 

HWY = Dummy variable ( I =Interstate hjghway through county, 0 otherwise) 

COL = Dummy variable (1 = 4-year college or university, 0 otherwise) 

Year Dummies 

D86-D93. 
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Sector Dummies 

D 1 M = Dummy variable ( 1 = Meatpacking, 0 otherwise) 

D2F = Dummy variable (I = Other food processing. 0 otherwise) 

D3C = Dummy variable (I = Textiles apparel & leather, 0 otherwise) 

D4 W = Dummy variable (I = Furniture & wood products. 0 otherwise) 

DSP = Dummy variable ( I= Printing & publishing. 0 otherwise) 

D6C = Dummy variable (I = Chemicals & petroleum, 0 otherwise) 

D7P = Dummy variable (1 = Plastics products, 0 otherwise) 

D8M = Dummy variable (I = Metals & equipment, 0 otherwise) 

D9E = Dummy variable (I = Electronics & instruments, 0 otherwise) 

The year 1994 and the paper, rubber glass & misc. sector are the omitted categories. 

Data 

Data on Iowa county earnings and employment by 4-digit SIC code were obtained 

from ES 202 data. The dataset covers 6,664 manufacturing establishments that existed in 

Iowa's 99 counties at some point during 1986-94, and includes all manufacturing workers 

covered under unemployment insurance.3 Measures of local industry structure and weighted 

average plant size required employment for individual plants. When a 4-digit SIC code in a 

county contained multiple establishments. the 1987 and 1992 Census of Manufacturing data 

by ZIP Code (by employment size code), five editions of The Official Iowa Manufacturers 

Directory ( 1985-86 through 1995), and three editions of the Iowa Business Directory ( 1985, 
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1989 and 1994) were used to estimate the relative size of the plants in each year. The 

employment estimated for individual firms always add up to ES-202 industry totals for that 

year. Census of Manufacturing by ZIP Code for 1992 and 1987 and County Business 

Patterns 1983-1994 were used to estimate the sizes of an additional 4,443 manufacturing 

plants in the first two tiers of counties in neighboring states. All these data are by place of 

work, rather than by place of residence. The 1994 Iowa Industry-Occupation Matrix 

provided employment in 880 occupations by 3-digit SIC code, which was used to determine 

which manufacturing SIC codes employ unusually large proportions of the same occupations. 

The model is estimated with pooled cross-section time-series data using weighted 

least squares. ln order to take account of greater measurement error for smaller sectors, 

continuous variables for all observations were transformed with a weight equal to the square 

root of sector employment. All continuous variables are in natural log form. Dummy variables 

for years and sectors allow for the intercept to change. 

More sophisticated procedures for pooled regressions exist. which take account of 

cross-section and time-series disturbances or correct for autocorrelation. However. these 

require a full panel of data for the years 1986-1994. This would require me to discard 

observations for those counties where there was no employment in the sector in some years 

due to either plant closures or startups. In plastics products, for instance this would 

eliminate almost one-third of the counties with employment in I 994. and observations for an 

additional 7 counties that had plastics employment only in earlier years (see Table 1 ). 
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Table I. Counties with employment and number of plants, by manufacturing sector 
Other Textile Wood Printing Metals Electr. Paper, 

Meat Food & & & & & Rubber. 
Packing Process. Leather Furn. Publ. Chemical Plastics Equip. Instr. Glass. etc. 

Nwnber of counties with employment in sector in: 
All 9 years 45 74 46 64 99 44 40 95 45 44 

Average year 58 81 58 76 99 62 54 97 53 60 
1994 55 82 59 84 99 60 58 98 54 63 
At least one year 74 93 69 92 99 80 67 99 66 75 

Number of counties that had two or more 20+ plants in the sector in 1994 
99 Iowa counties 12 33 14 17 32 14 20 76 20 17 
8 Metro Core 4 8 5 5 8 6 7 7 7 7 
9 Large Non.metro 7 1 3 7 5 2 9 2 5 
82 Rural 7 18 8 9 17 3 11 60 11 5 

Counties with multiple 20+ plants as a percent of aJI counties with employment in 1994 in the sector 
Iowa 22% 40% 24% 20% 32% 23% 34% 
Metro Core 50% 100% 63% 63% 100% 75% 88% 
Large Nonmerro 11% 78% 11 % 33% 78% 63% 29% 
RuraJ 18% 28% 19% 13% 21% 7% 26% 

Number of plants in 1994: 
Iowa 

20+ employees 63 188 64 95 205 62 88 
A ll sizes 11 9 385 153 327 900 188 152 

Large Nonmetro 
20+ employees 8 3 1 5 17 28 20 9 
All sizes 14 54 21 40 108 41 17 

RuraJ 
20+ employees 37 67 37 41 76 16 52 
All sizes 78 183 74 16 1 391 67 79 

Average nwnber of20+ employee plants per county with sector employmeni in 1994 
Metro Core 2.3 11.3 2.8 4.6 12.6 3.3 3.4 
Large Norunerro 0.9 3.4 0.6 1.9 3.1 2.5 1.3 
RuraJ 1.0 1.0 0.9 0.6 0.9 0.4 1.2 

Average number of <20 employee plants per county with sector employment in 1994 
Metro Core I.I 7.3 4.5 11.1 37.5 6.8 
Large Nonmerro 0.9 2.6 4.0 3.8 8.9 3.0 
Rural 2. 1 2.8 1.8 2.4 4.8 l.5 

Average number of plants per county with sector employment in 1994 
Metro Core 3.4 18.5 7.3 15.8 50. I 10.0 
Large Non.metro 1.7 6.0 4.6 5.7 12.0 5.5 
Rural 3.0 3.8 2.6 3.0 5.7 1.9 

3.6 
2.0 
1.8 

7.0 
3.3 
3.0 

78% 
88% 

100% 
74% 

53 1 
1,217 

71 
161 

254 
580 

25.8 
7.9 
3.1 

33.8 
10.0 
7.2 

59.5 
17.9 
10.3 

37% 
88% 
22% 
30% 

87 
208 

13 
31 

44 
69 

3.8 
1.4 
1.2 

9.8 
3.6 
1.9 

13.5 
5.0 
3. 1 

27% 
88% 
63% 
11 % 

100 
257 

26 
52 

3 1 
85 

5.4 
3.3 
0.7 

9.6 
3.7 
1.8 

15.0 
7.0 
2.5 
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Iowa Manufacturing 

Although Iowa is most often associated with fanning, it is also a heavily 

manufacturing-dependent state: only six states had higher manufacturing value added per 

capita in 1992. ( 1992 Census of Manufactures 1995) Both metro and nonmetro Iowa 

manufacturing are most heavily concentrated in industrial equipment, other metalworking 

industries, meatpacking and other food processing (see Table 2). In 1992., 30% of nonmetro 

and 45% of metro U.S. manufacturing employment was classified in SJC codes 33-38 (metals, 

equipment, and instruments) (Gale 1988). These SI Cs accounted for 47% of manufacturing 

in nonmetro and rural Jowa, and 46% in metro Iowa. 

In the 1970s, Iowa's manufacturing wages were between 4th and 8th highest in the 

nation. (BLS) In 1977 there were also only five states with higher value added per worker 

hour in manufacturing, and the combined result was that despite high wages, production 

wages per dollar of value added in Iowa were 94% oftbe U.S. average. As a result ofrapid 

industrial restructuring during the I 980s, both real hourly wages and productivity are now 

much closer to the national average. 

In this study I classify Iowa counties into four types: metro core (8 metro counties 

containing an urbanized area), large nonmetro (9 nonmetro counties with over 20,000 urban 

residents), rural adjacent (27 counties with fewer than 20,000 urban residents, within 35 miles 

of the urbanized area, including 2 metro fringe counties), and rural nonadjacent (55 counties). 

Nonmetro Iowa manufacturing earnings in 1993 were 22% lower than metro Iowa 

(compared with 30% lower nationwide) (See Table 3). This average masks wide differences. 
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Large nonmetro counties have average annual manufacturing wages 5-7% lower than those in 

metro core counties. Adjacent rural earnings were 24% lower and nonadjacent rural eamjngs 

32% lower than 1993 metro core earnings in Iowa. Only about a fourth of this gap can be 

explained by differences in mix of 4-digit SIC codes. Cost of li ving cannot account for these 

large differences in Iowa manufacturing wages. Nonmetro cost of living in 1989 is estimated 

to be 5.3% lower than metro Iowa, and 4.4% lower when average metro and nonmetro cost of 

li ving is weighted by the number of manufacruringjobs in each county rather than by total 

population.4 Metro-nonmetro differences in hours worked are minimal (see Table 4). 

Table 4. Average weekly hours of production workers in Iowa manufacturing 
1977 1982 1987 1992 

Iowa Manufacturing 37.4 35.6 38.1 39 .0 

Metro 37.4 35 . 1 38.0 39.2 
Nonmecro 37 .4 36.0 38.2 38.9 

Nonmetro as % of Metro 100.0% 102.6% 100.6% 99.2% 
Sourci.:: Census of Manufacturing. various years. 

Capital-labor ratios for metro core and rural manufacturing in Iowa are not equal. 

During 1982-1992, new capital expenditures per employee in rural Iowa counties were 14-

23% less than metro. New capital expenditures per production worker were 28-36% lower. 

(see Figure I). Large nonmerro counties in Iowa appear to have manufacturing capital-labor 

ratios that are, on average, comparable to those of metro counties during J 982-1992. 
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Figure 1. Capital expenditures per manufacturing employee and per production worker 

Key-occupation Elasticities and the Definition of an "Industry" 

Rosabeth Kanter (1995) writes that clusters are "concrete manifestations of more 

generic skills that cut across industries and outlast them." For purposes of this study, 

the"industry" fo r any plant is defined to be other plants in the same 3-digit SIC in the labor 

market area, plus some share of employment in those 3-digit SI Cs that use unusually high 

proportions of the same key occupations. Key occupations for a given SIC are defined to be 

those occupations that SIC employs in greater proportions than the (statewide) average 

across all SlC codes. 

Two 880x 1 vectors were calculated for each 3-digit SIC. The first contains an arc 
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elasticity E(So) for each occupation. E(So) is the arc-elasticity for the share of occupation o 

out of total employment in 3-digit SICS. SH( So), relati ve to the share of occupation o in the 

total economy. SH(To). 

E(So) == SH<So)-SH(To) 

(SH(So)+SH(To)*0.5 

The higher the value ofE(So), the more the presence or growth of SICS will increase local or 

regional employment of occupation o. The second vector contains a set of weights. WE(Ro) is 

the weight attached to occupation o in SIC R. It is the share of occupation o in the wage bill 

of SIC R in excess of the share of occupation o in the wage bi! 1 for the total economy. 

WE(Ro) = (SHCRoJ- SH(ToJ)*wo 

l:(SH(Ro)*wo) 

where wo is the average wage of occupation o in the economy. Share of wages is used rather 

than share of employment for occupation weights on the assumption that workers with 

higher wages will generally have higher levels of human capital, and plants will incur higher 

search costs per employee for higher wage occupations. The key-occupation elasticity of 

SICS with respect to SIC R is: 

E(S.R) = l:(E(So)*WE(Ro)) for o = I to 8 80 

where E(S.R) is the key-occupation elasticity of industry S with respect to industry R. The 

matrix of key-occupation elasticities of industries with respect to other industries is not 

symmetric: in general, E(S,R) if: E(R.S). 

If secretaries are 6% of the wage bill for a particular industry, and 5% for Iowa as a 
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whole, the industry's weight for this occupation WE(Ro) is 0.01. not 0.06. The consrruction 

of this measure does not say that ubiquitous occupations such as secretaries are unimportant. 

Rather. it is intended to reflect that the growth or presence of a particular 3-digit industry 

that employs 0.06 secretaries will do little more to increase the avai lable pool of trained and 

experienced secretaries than general growth in the local economy. Obviously. individual firms 

may differ widely in the their staffing patterns and will often substitute away from scarce 

occupations in a particular labor market These "elasticities" derived from state averages are 

intended only to develop a measure of which other industries also tend to employ large 

numbers of the same unusual or specialized occupations. 

These key occupation elasticities can be used to attach relative weights to plant 

employment in closely related 3-digit SICs in a straightforward manner and with a clear 

interpretation. The key occupation elasticity of 3820 (measuring and controlling devices) 

with respect to 3570 (computer equipment) is two-thirds that of 3570 with respect to itself 

{17.7 I 26.8 = 0.66). Thus, on average, the presence of a 3820 plant with 300 employees will 

have roughly the same impact as a 3570 plant with 200 employees, when we define impact to 

be raising local employment in key occupations to 3570. 

Any given 3-digit manufacturing industry group includes a share of employment from, 

on average. ten other 3-digit SIC codes (see Appendix Table Al). This is roughly the same 

level of detail as 2-digit SIC codes. 3690 (Misc. Electrical Equipment & Supplies) pulls in 

some share of employment from 28 other 3-digit SI Cs, while at the other extreme, there are 

not any other 3-digit SI Cs judged to be closely related to 2010 (Meat Products) according to 
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key-occupation elasticities. 

Definition of a "Sector" 

3-digit industries were grouped into 10 manufacturing sectors: 1) meatpacking, 2) 

other food processing. 3) textiles apparel and leather. 4) furniture and wood products. 5) 

printing and publishing. 6) chemicals and petroleum, 7) plastics products, 8) metalworking & 

industrial & transportation equipment 9) electronics, electrical equipment and instruments, 

and l O) a miscellaneous sector containing paper products, rubber products, glass ceramic and 

pottery products, and misc. manufacturing (all of these "miscellaneous" industries had 

observations in a relatively smal l number of counties when taken by themselves). 3630 

Household Appliances is grouped with SIC 33. 34, 35 and 37. rather than with the rest of 

SIC 36, whi le 3570 Computer Equipment is categorized with SICs 36 and 38. 

Grouping paper rubber glass & miscellaneous manufacturing in a single sector should 

not be a major cause for concern. A labor market area with just six 250-employee paper 

plants located together will have an industry size of 1.500 and industry density of 6 in this 

sector. A labor market area that has just six 250-employee plants located next to each other, 

with two in paper, two in rubber. and two in glass products can be expected to have an 

industry size of 500 and industry density of 2 in this sector. The principal drawback is that 

differences in parameters between these four largely unrelated industry groups will. of course. 

be blurred. The alternatives are to throw out this information or have an insufficient number 

of observations. 

SICs 3240 (Cement, Hydraulic), 3250 (Structural Clay Products) 3270 (Concrete, 



www.manaraa.com

30 

Gypsum and Plaster Products) and 3280 (Cut Stone and Stone Products) were not included 

in any sector. Due to classic location theory weight and transport cost considerations. these 

industries generally locate either near the source of raw materials (gypsum, clay, etc.). or near 

the source of final demand (ready mixed concrete). 

Definition of a "Labor Market Area" 

Many studies of agglomeration use metro areas or BEA labor market areas as the unit 

of observation. Where the commuting area has a dense core and relatively sparsely populated 

boundaries, this unit can capture most of the establishments and workers within commuting 

distance of each other fairly well. In this study with only 99 counties. it is not feasib le to 

group counties into labor market areas because thi s would throw away too much information 

and result in too few observations. 

Using only employment within county borders can be a misleading indicator of labor 

market size in many norunetro areas. There are nearly as many metalworking workers 

(around 5,000) within 25 minutes drive of Ottumwa (population 30.000) as there are within 

25 minutes of any point in the Des Moines metro area (population near 400.000). But they 

are located in at least six different counties in the area around Ottumwa. while most of the 

Des Moines metro metalworking jobs are in Polk County. A rural county that borders a 

metro is also part of a much larger labor market than its own county employment suggests. 

When l calculate overaJI workforce size, industry size, and industry density in this 

study, I include some fraction of plant employment in neighboring counties. This fraction of 

employment is a declining bell-shaped function of distance that drops off rapidly beyond 15 



www.manaraa.com

3 1 

miles. has a weight near 0.50 at 25 miles, and a weight close to 0.10 at 50 miles (see Figure 2). 

This was derived from journey to work data in the 1990 Census. assuming that 

average commute times reflect the distribution of manufacturing workers' places of residence 

around their place of work, and taking the percent of workers who commute at least a given 

1.000 
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Figure 2. Distance function used for workforce size. industry size, and industry density 

number of minutes as the percent who would be wi ll .ing to travel that distance to a 

manufacturing j ob at a second point.5 Distance between any two ZIP Code points is 

calculated as the sum of the vertical and horizonta l distances rather than the shortest diagonal 

distance. since most roads either are laid out on a NSEW grid or else meander as they follow 

rivers and other natural features. (Swenson 1996) Beyond a fixed minimum time for trips of 
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all distances, 1 treat minutes and miles as interchangeable.6 

The resulting measures of industry size and workforce size within the labor market 

area will nearly always be larger than measures based only on own county employment. 

Given employment evenly and uniformly distributed across space and Iowa's average county 

size. the size of the labor market area around a plant will be 3.5 to 4 times larger than a single 

county. For small counties near larger ones. the difference is even larger. The maximum 

workforce s ize is 2 19,347 for Polk County (own county workforce of 173,353, and 206,854 

for the Des Mo ines MSA). while the minimum is 15.6 I 0 and the average for all Iowa counties 

is 55.3 15. (see Appendix Table A4). 

Measure of Industry Density 

In addition to measuring industry size, this analysis utilizes a measure of industry 

dens ity. In cases where multiple units are owned by a single firm, this study defines a plant 

to be a unit with a distinct street address found in either the Directories of Manufacturing or 

the Iowa Business Directories. Regression results are reported for industry density. which is 

simply the reciprocal of the Herfindahl index. If there are m plants in the industry, the 

industry density for plant o is : 

Industry density
0

, -~I- for p= I to m 

l:<sP,)2 

where SP, is the share of plant p in total industry employment at time I in the labor market 

area about plant o. 

and sP, = Nlll for p= 1 to m 

l:NP' 
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where Npt = employment of plant pat time t. 

I take the reciprocal of the standard Herfindahl index because this makes it far easier 

to interpret the resulting regression coefficients. Transformed in this way. one plant in the 

industry has industry density of 1. three equally sized plants in the same 3-digit SIC at the 

same location results in industry density of 3. etc.. Industry density for one plant v ith 

50%. one with 30%. and one with 20% of the industry employment is 2.63. the same as that 

o f 2.6 equally-sized establishments. The easiest "vay to imagine a 100% increase in industry 

density is to think of creating a twin for each plant in the labor market area (or if we wish to 

hold industry size constant, each plant would become half as large). 

The value of industry density for sectors in county cat time tis the weighted average 

of all plants o in sectors in county c at time 1:7 

industry densitYcst = .L CNo*(Density-Mot)) 

,LNo 

Industry Size and Density Incorporating Distance and Industry Weights 

Since plants in different (but closely related) 3-digit industries are given weights 

between 0.30 and 1.00. and plants located in other ZIP Codes have a weight attached to them 

that is a declining function of distance, the equivalent size of a plant N is: 
p 

N = NA * W(S,,,R ) * f(miles ) p p y o p o 

where NAP = actual employment of plant pin 3-digit SICS. W(R,S) is the relative weight 

attached to employment in closely related SIC S with respect to any plant in SIC R 
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where E(R,R) is the key-occupation elasticity of SIC R with respect to itself. E(S,R) is the 

key-occupation elasticity of SIC S with respect to key occupations of SIC R. 

and f(mil es) is a bell-shaped declining function of distance with a value between 0 and I . 

Industry size in the labor market area around plant g in SIC R is: 

Industry Size = IN , for p=l to m p 

where m is the number of plants in the Industry of plant
0

, (both in SIC R. and in all closely 

related SICs). 

Similarly, we incorporate the equivalent employment sizes, adjusted for plants in 

closely related SICs and for plants at some distance from plant g. into the calculation of 

industry density . 

Industry density 0 
= __ • for p= 1 to m 

Is " 2 p 

where S is the share of plant i in total industry employment. p 

SP = __& for p= l tom 
I Np 

Industry density as I have measured it is nearly equal for metro and nonadjacent rural 

counties. on average, which is not what I would have expected. While industry density is 

generally higher in metro core counties than it is in completely remote rural counties, by far 

the highest values are in exurban counties located 20-60 miles from metro areas. This measure 

will reflect the diversity of places of work for the employees within commuting di stance of a 
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plant. and not just the density of plants actually located near the plant. It is unclear whether 

these high values for exurban counties are an accurate reflection of industry density relative to 

urbanized areas. 

Other plant and SIC-level variables are aggregated to observations for a sector in a 

county in the same fashion. Industry density. plant size. actual earnings. U.S. weighted 

earnings. and other measures for the printing and publishing sector in Linn County are each 

the weighted average for all the printing and publishing plants located in that county. 

Results 

Do increases in industry localization (greater industry size and industry density) 

raise manufacturing wages in nonmetro areas, and are urbanization economies responsible for 

a large share of the differences in manufacturing earnings among counties? In nine of the ten 

sectors. we find that greater industry size and density do not lead to higher wages. indeed. in 

at least half of the sectors. the estimated coefficient for both measures of clustering is 

significantly negative. Only in metals does the combined effect of industry size and industry 

density have a significant positive effect. We find that workforce size. on the other hand, has 

a quite strong effect on wages in most sectors. A quite large share of the differences in 

manufacturing earnings among nonmetro county types are not predicted by either industry 

size and density or by workforce size (or the other control variables included in my model), 

which points to a need to explore what other factors contribute to high or low nonmetro 

manufacturing earnings. 
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Because natural logarithms were used for all continuous variables, their coefficients 

can be interpreted as elasticities. l compare results of two specifications: the first is a more 

basic model (see Tables 5 and 6), and the second one includes dummy variables for several 

additional county characteristics (see Tables 7 and 8). Because the detailed model contains 

multiple measures of urbanization using both a continuous variable (workforce size) and 

dwnrny variables (metro core. large nonmetro and adjacent), it requires us to combine an 

elasticity and a discrete change to obtain a unified measure of urbanization. While the addition 

of these dummy variables does not significantly alter the coefficient for workforce size in the 

overall regression, it does for many individual sectors.8 Thus, the major advantage of the basic 

model is that it allows me to report a single measure of urbanization , particularly in graphs. 

I begin with results for the overall regression for all 10 sectors combined. Discussion 

of results for individual sectors will follow. In the overall regression for all ten sectors, 

workforce size was significant and positive. Doubling the total number of workers in the 

labor market area is estimated to increase manufacturing earnings by 7.4% (see Table 5). 

Estimated coefficients for both industry size and industry density are negative and 

significant. A 100% increase in industry size is estimated to lower earnfogs 1 .9%, while a 

100% increase in industry density decreases earnings by 2.8%. holding all other variables 

constant. The estimated coefficients for MET and URB20 dummy variables in the detailed 

model indicate that manufacturing wages are 5.3% higher in metro core counties and 6.4% 

higher in large nonmetro counties, all else being equal. In general, urbanization clearly raises 

manufacturing wages, but localization does not. 
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Doubling individual plant size is estimated to raise earnings by 8.3%. Clearly the 

assumption of constant returns to scale in plant output needs to be relaxed. This may be due 

to economies of size in producing identical products, or may also be because larger plants 

produce different products from smaJler plants. 9 

The model accurately predicts metro earnings relative to nonmetro earnings in general. 

but accounts for just over half the differences among nonmetro county types. When 

estimated coefficients are applied to means for the three nonmetro county types. the basic 

model 1 0 predicts rural adjacent earnings to be 7.4% Jess than large nonmetro, only about half 

the actual difference of I 4.4% (see Table 9). The model also predicts Rural Nonadjacent 

counties to earn 9.0% less than Rural Adjacent, when in fact they earn 15.3% less. This tells 

us that, while urbanization. industry mix, and plant size are all important factors in explaining 

nonmetro manufacturing earnings, other unmeasured factors (perhaps capital per worker or 

unionization)1 1 make a large difference as well. The omission of capital data might alter my 

results for urbanization and reduce the ability of my model to predict nonmetro earnings in 

general, but I see no reason why it should bias my coefficients for industry clustering. 12 

The model was also estimated separately for ten manufacturing sectors. I report 

results for the more detailed model in the text unless otherwise noted. 13 (see Table 7 and 

Figures 3 and 4) The results are quite mixed for many variables, but the only sector where 

industry clustering clearly raises manufacturing wages is metals & equipment. Doubling 

industry size raises manufacturing wages by a modest 3. 9%, while the effect of industry 

density is near zero. (see Table 7) This is an important sector for rural development in Iowa, 
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Estimated effect of I 00% increase in industry size & den~ity: basic & detailed model!> 
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estimated effect of 100% int.Tease in industry size & density: basic & detailed models 
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Estimated effect of I 00% increase in workforce si1e: basic & detailed models 
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Sum of coeffi cents for workforce siLe. industry size & density: basic & detailed 
models 

J 350/o ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--, 

~ -~· 30% ., "' 
~ 11 25% 
~ ~· 20% 
0 iii 15% :: ::s 
0 ~ 10% 

·:; ~ 5% 
~ 3 00/o ' 
~ ~ -5% . - c. - ~ ~ ~ <!:' - . -~ - - - - .,..,... •••• E ·rn .-::..,~~ ....... ~ ~ :_-$' ~ ·~ -~~(.;. ·~ 8 . -I 0% ~ L'- - - ;o'&' --$' .c"if ·,¢ · 'S.'-~ - - - ~ - - - "!/;(};' "' c· ~ ~ ~ _,cf' ~ ~ "-" ~~ '-- ;;; - 15% - l(' - - - ..... - - -;,.:; • "{' - - '(~ 'l"- . - - '!¥ - - • - ... ~- - -
0 :::: ~~ ....... - $' ~ '& ~ ~ "'" e ~ -20% · -A -· .,,w. - - :(;;''· · <:;t ~ · · ~~ , cf- - - - - ' - · · · 
::s ·- ~ "'' ,,_ "\. .~ ..... ~ ~ .<,.O -25% . ' . ~ . " 

..... 4 ~-(II' 
b 

.., 

Nonmetro Share of Iowa Employment by Sector. 1994 

.. 1 0()"/o,..-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-, 

_§ 
-;:; 
0 -!- c ._ ., 
o E "' ;.., ~ 0 .. -.s:: 0. 

Cll E 
O LU 
~ ;; 
E 
c: 
0 z 

p 
:: 
~ 

s 
0 
!-._ 
0 -c 
~ e .r;: >. 

Cl) 0 
0 c.. 
~ ,~ e-c 
0 z 

.5 
QIJ .c 
u 

90% 
80% 
700/o 
6()0/o 
50% 
40% 
30% 
20% 
10% 
~I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~I 

10 7 9 2 8 6 5 4 3 

Change in Nonmetro Share of Iowa Employment by Sector. 1979-1994 

20% 

15% . 

10% 

5% 

0% 

-5% 10 7 9 2 

- I 0% 

-15% 

Figure 6. Combined agglomeration effects on wages, nonmetro share 



www.manaraa.com

47 

since metals & equipment accounted for 38% of rural Iowa manufacturing jobs in 1994. In 

all other cases with positive and significant coefficients for industry size (textiles apparel & 

leather) or industry density (plastics. other food processing, and paper rubber glass & misc. ). 

the coefficient for the other industry cluster variable is negative and at least as large in 

absolute value. 

In contrast to industry clustering, workforce size was significant and positive for six 

of ten sectors in the basic model (see Table 5), and eight of ten sectors in the more detailed 

model (see Table 7). More densely populated labor market areas have higher earnings, 

holding all other factors constant. There are wide differences in the estimated effects of 

urbanization across sectors (see Figure 5). Printing & publishing consistently shows the 

strongest effect. with or without a metro dummy variable. Doubling workforce size raises 

wages in chemicals & petroleum products and in electronics & instruments by I 7% or more 

in either -specification, and in both the paper rubber glass & miscellaneous sector and in food 

processing sector by at least 12%. The coefficients for metals & equipment and plastics vary 

considerably when additional dummy variables are added (in different directions), but the 

general picture is that they are an intermediate case. The combined effect of workforce size 

and the metro dummy has the smallest impact on wages in meatpacking, textiles apparel & 

leather. and wood & furniture . 

With the exception of plastks, we find the wage effect of industry clustering 

(coefficients for industry size and industry density combined) is most negative in those 

industries which are a comparatively small share of totaJ manufacturing employment for rural 
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nonadjacent areas (see Figure 3). The correlation between sectors' industry clustering 

coefficients and sectors' share of nonadjacent rural employment is 0.57 (0.52 basic model ): in 

general. the smaller the sector, the more negative the coefficient (see Table 10). If two sectors 

(in two otherwise identical counties) both have high productivity relative to the rest of their 

local economy, but one sector makes up a much larger share of totaJ local employment. it is 

reasonable to expect that the supply of labor to the large sector will be more inelastic than the 

supply of labor to the small sector. Increases in productivity and higher demand for labor in 

a small sector may translate into large (percent) increases in employment with only a small 

increase in wages above prevailing local wage rates, while an increased labor demand in a 

comparatively large sector may require relatively large increases in wages to elicit substantial 

increases in employment. However. this cannot explain the substantial negative wage effects 

we see in sectors like chemicals or printing and publishing. If higher productivity within a 

small sector translates into small wage effects (and large employment effects) due to more 

elastic labor supply to that sector. then negative wage effects from lower productivity should 

be dampened in the same way (leading mainly to large negative effects on employment). 

We also see that five of the six sectors with the most negative effects of clustering on 

wages are not growing in non.metro counties (see Figure 4. bottom panel ). It is the sectors 

with less negative or moderately positive effects on wages from clustering where nonmetro 

counties are gaining jobs: the correlation between the combined clustering coefficients and 

1979-1994 change in nonrnetro share of employment for the ten sectors is 0.67 (0.64 basic 

model) (see Table I 0). 
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Table IO. Correlation matrix: agglomeration coefficients and nonmetro job shares. I 0 sectors 

No nmccro Change in ector hare of 
Detai led model coefficients: Share of 1994 Nonmetro Rural NonAdj 

Sector EmQI. Share 79-94 EmQI. 1994 
Urbanization (Workforce Size) -0 .59 0.04 -0 .24 
Clustering (IND_SZ + IND_DENS) 0.56 0.67 0.5 7 
Agglom. (WKFC SZ + IND SZ + IND DEN ) -0.17 0.56 0.20 

Nonmetro Change in Sector Share of 
Basic model coefficients Share of 1994 Nonmetro Rural NonAdj 

Sector Em121. Share 79-94 Em QI. 1994 
Urbanization (Workforce Size) -0 .50 -0.21 -0 . 14 
Clustering (IND _SZ + IND _DENS) 0.52 0.64 0.52 
Agglom. {WKFC SZ + IND SZ + IND DENS} -0.26 0.18 0.18 

Note:Corre laci on are among values for the ten manufacturing ector . 

It seems surprising that workforce size effect on wages is unrelated or weakly 

negatively related to emloyment share growth in nonmetro counties, while cluster effect on 

wages is strongly and positively related to employment share growth in nonmetro areas. This 

could simply reflect strong growth in exurban counties. Particularly in metals and plastics, 

maps indicate employment growth is strongest in rural coun6es adjacent to or at least within 

50 miles of metro counties. Counties at these distances from metro areas also tend to produce 

much higher industry density values than either metro counties or more remote rural counties. 

Many workers live in rural places and commute considerable distances to jobs in 

metro areas. One plausible explanation for this pattern of exurban manufacturing growth is 

that, by locating in exurban counties, these firms locate nearer to an established pool of rural. 

workers who may be willing to accept lower wages in return for a shorter commute. This 

might also explain why we sometimes find that a single company establishes several smaller 

plants scattered across several counties rather than a single larger plant (such clustering of 
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branch plants owned by the same firm is particularly evident in electrical equipment, apparel. 

plastics, and metal stampings). 

It is interesting to note that the four sectors with the most negative impacts of 

clustering (see Figure 3, bottom panel), are characterized by a much larger share of plants that 

produce for local markets in rural areas. To the extent that manufacturers produce for a local 

market, clustering means competition in final product markets, and we can expect isolated 

firms to enjoy a comparative degree of market power (and thus higher value of marginal 

product). While 27% of metro core printing and publishing workers are employed by 

newspapers newspapers make up 46% of large nonmetro and fully 62% of all rural 

nonadjacent printing and publishing employment. For local newspapers, greater workforce 

size in the labor market area generally translates into a larger market of potential subscribers 

and advertisers, while greater industry density means a smaller market for each paper. 1 4 

More than half the rural chemical firms in the state produce agricultural chemicals, and it is 

evident from SIC classifications and from product and firm descriptions that many of these 

primarily serve farmers in the immediate area. 15 Many of the rural wood products firms can 

similarly be identified as businesses which sell a large share of their products locally. Feed 

mixing and grinding (SIC 2048) accounts for 31 % of employment and 47% of the plants in 

rural nonadjacent food processing (other than meatpacking), and most of these plants are 

small, local feed mills. 16 Naturally, rural nonadjacent counties have the lowest workforce size. 

So in these four sectors, in the places where we find urbanization is low and industry 

clustering is high, this often means increased competition for local markets which leads to 
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lower value of marginal product and lower wages than where plants are isolated.
17 

With the exception of chemicals and meatpacking, we see that those sectors where 

workforce size has a smaller effect on wages also tend to be those sectors where a larger share 

of employment is found in nonmetro counties: the correlation between these is -0.59 (-0.50 

basic model) (see Figure 5. top and middle panels and Table 8.). This is consistent" ith a 

vie" that wage differences are at least broadly associated with differences in productivity, 

and that in the long run rural areas find their competiti ve advantage in those sectors where 

urbanization effects are weakest. 

However, there is no apparent correspondence between urbanization effect on wages 

and change in nonmetro market share over time across the ten sectors: the correlation between 

these is 0.04 (-0.2 1 basic model) (see Figure 5, bottom panel and Table 8). This result is true 

regardless of what base year is chosen. Thus the dynamic picture suggests that. in the short 

run. observed metro-nonmetro wage differences may not correspond so closely to current 

productivity differences. We might assume that because some sectors are shifting to 

nonmetro areas, then wage differences must now exceed productivity differences resulting in 

lower rural unit labor costs. It is not so clear that this is the case. The five sectors where rural 

areas are gaining market share account for 68% of Iowa manufacturing employment. Yet in 

the aggregate, Census of Manufacturing data indicates that rural unit labor costs are as high or 

higher than in Iowa's metro areas (see Figure 6). Large nonmetro counties have the lowest unit 

labor costs of all but they are neither increasing or decreasing their share of total 

manufacturing jobs. 
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Figure 6. Unit labor costs: Payroll and production wages per dollar value added 18 

When we look at agglomeration effects combined (workforce size, industry size, and 

industry density coefficients added together), it is paradoxically the sectors where the 

combined effects of agglomeration are the largest that nonmetro Iowa is gaining the most jobs 

(see Figure 7 and Table 8). But when we look at clustering and urbanization separately, we 

can see that this combined result is primarily related to clustering effects and not 

urbanization, particularly when we compare correlations for the basic and detailed model (see 

Table 8 and Figures 4 and 5). 19 Although industry size tends to be higher in metro core 

counties. industry density (as I have measured it) is roughly equal for metro and nonmetro 
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counties. on average (an outcome I find odd in itself). So while urbanization is fairly clear-

cut it is more difficult to interpret why rural areas would systematically either gain or lose 

jobs in particular sectors based on clustering effects, one way or the other. 

Conclusions 

The impact of urbanization economies on wages is significant and positive in six of 

ten manufacturing sectors, and in eight of ten sectors when additional dummy variables are 

added for other county characteristics. By contrast when estimated coefficients fo r both 

industry size and industry density are combined, the impact of industry clustering is 

significantly negative in at least half of the ten sectors. The onl y sector with clear and 

unequivocal evidence that industry clustering raises wages is metalworking & equipment, 

although this one sector accounts for 36% percent of Iowa manufacturing employment. In 

the case of metals. the estimated coefficient for workforce size is still larger than the 

coefficient for industry size (0.061 vs. 0.039). 

The industry mix, plant size, education. and agglomeration variables included in the 

model can only partially explain why some nonmetro counties have considerably higher 

earnings than others. Rural nonadjacent counties earn 15.3% less than rural adjacent counties 

and 27.5% less than large non.metro counties, whi le the basic model predicts them to earn 

9.0% and 16.4% less, respectively. If data on capital investment and unionization were 

available. these might be able to explain the difference. The answer to this question is 

potentially important because the large nonmetro counties have an even larger advantage in 
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labor productivity, which gives them I 5-20% lower unit labor costs than rural lowa counties 

in spite of nearly 30% higher average annual earnings per worker. 

Those sectors where clustering lowers wages are the sectors where rural and nonmetro 

Iowa is not gaining share oflowa manufacturing jobs. We see that those sectors where 

urbanization has a relatively weaker effect on manufacturing wages tend to be the same 

sectors where a larger share of employment is concentrated in nonrnetro areas. We also find 

that the sectors where jobs are shifting from metro to rural locations are not necessari ly those 

with the lowest (or the highest) metro-nonmetro earnings differences. 

Most previous studies of urbanization and localization economies have focused on 

job growth, rather than wages. rt is quite possible that urbanization raises productivity in 

most manufacturing industries, and localization does not. A second possibility is that 

industry clusters do raise productivity, but that the primary effect is to increase job growth 

rather than wages. If labor supply to a single sector is fairly elastic. then when a single sector 

has higher productivity, firms in this sector may be able to attract workers from other low-

paying sectors to expand production with relatively small increases above prevai ling local 

wage rates. 1f clustering does increase job growth. then over long periods of time higher 

industry growth would eventually increase the size of the local economy, and thus increase 

wages only indirectly through increased urbanization. Many of Henderson's models 

explicitly assume that increases in local industry productivity translate entirely into job 

growth, and that cities achieve an equilibrium size when they grow to the point where higher 

productivity due to both localization and urbanization economies is exactly offset by 
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increases in wages and rents due to congestion and diseconomies of city size.20 No such 

conclusions can be drawn from this study. without expanding the analysis to include rates of 

job growth. 

Notes 

I. This rose dramatically from 1979, when 19.3% of nonmetro manufacturing workers earned 
hourly wages below the same level. In 1987 a job that paid $5.58 an hour, 40 hours a week. 52 
weeks a year earned $I 1,61 1: an income equal to the poverty line for a family of four. 

2. For instance. in SIC 3523 Fann machinery and equipment, all the plants with over 1.000 
workers produce tractors, farm implements, and other heavy machinery. By contrast. SIC 3523 
plants with between 25 and 50 employees produce relatively far less complicated and less high-
value products including bins and bunks, wagon boxes. sprayer units, fertilizer tanks, grain and 
manure handling equipment livestock pens, feeders and ventilation systems, farrowing crates, 
floor slats, gates and fencing. Even if the assumption of constant returns to scale in plant size 
needs to be relaxed. we can expect the list of relevant explanatory variables to be much the same. 

3. Thus, the dataset excludes the self-employed. Self-employed persons account for just 1.7% of 
U.S. manufacturing employment, compared with almost 10% across all industries and 19% of all 
construction employment (Aronson 1991 ) 

4. A study by the Office of the Legislative Auditor for the state of Minnesota (Yunker et. al., 
1989) found nonshelter costs in the Minneapolis-St. Paul MSA and the remainder of the state 
differed by just one-tenth of one percent. Thus, regional cost of living differences within 
Minnesota were based entirely on differences in housing costs. I assume the same result holds for 
Iowa. and use appropriate BLS market basket weights for the North Central region to determine 
the share of housing costs in total expenditures. 1989 median house values and gross rents from 
the 1990 Census of Population were used to produce estimates of cost of living differences 
among Iowa counties. Assuming housing of equal quality in all counties. the metro-nonmetro 
difference in cost of living was 8.0%. After making adjustments for differences in age. size. and 
characteristics of housing, the metro-nonmetro Iowa cost ofliving difference was 5.3%. These 
adjustments were made using the coefficients estimated by the BLS to adjust value of the housing 
stock for depreciation (in the shelter portion of the CPI) and county-level Census data (Lane et. 
al., 1988). When metro and nonmetro counties are weighted by number of manufacturing workers 
(rather than total population), the cost of li ving for the average manufacturing worker narrows 
further to 4.4%. 
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5. The resulting weights correspond closely wi th empirical results obtained in a studJ by Khan. 
Orazem. and Ono ( 1997). which estimated increases in county population resulting from 
increases in employment one and two counties away relati ve to increases in own county 
employment for the Upper Midwest. 

6. Most of Iowa's urbanized areas are less than eight miles across. I assume beyond I 0 minutes. 
commuters spend additional minutes in the middle of the commute traveling at highway speeds. 

7. If industry density, industry size, and weighted average plant size were all calculated for the 
same set of plants (for instance, those in the county, or those in the larger labor market area). 
there is almost perfect three-way dependence among these three variables (see Appendix Table 
AS). Since plants across county borders may influence external economies from urbanization and 
localization, but do not affect internal economies of scale from plant size. it is appropriate that 
these three measures are not all calculated for the same set of firms. and inclusion of all three 
variables in the model does not result in coll inearity. Because of this three-way relationship, it is 
sti ll the case that the only way to increase (labor market) industry size whi le holding (labor 
market ) industry density and (county) plant size constant is to increase the pl.ant size of firms in 
other counties. Similarly, the only way to increase (labor market) industry density whi le holding 
(labor market) industry size and (county) plant size constant is to decrease the plant size of 
firm s outside the county. So to the extent that these three variables are not collinear, multivariate 
regression coefficients for industry size and industry density will only be based on characteristics 
of plants in other counties. Even when plant size is excluded from the model specification, 
however. the coefficients for industry size and density match the same general patterns 1 have 
reported here. For this reason, I feel confident that multicollinearity does not substantially bias 
my results. 

8. For instance. in paper rubber and glass, the estimated coefficient for workforce size more than 
doubles from 0.118 to 0.239 when these dummy variables are added. but the estimated coefficient 
for the metro dummy is -0.206. Combining workforce size and the metro dummy in some fashion 
generally results in a rank ordering of urbanization effects for sectors very similar to the basic 
model (such as when we scale the estimated elasti city up by 2.3 and add it to the estimated 
coefficient for the metro core dununy, to reflect 2.3 times greater workforce size, on average, in 
metro core counties). 

9. We might suspect that if this variable was missing from the model, part of this effect would be 
picked up by industry size (or industry density). But when I estimated the model without the 
plant size variable to test this. the coefficients for industry size. industry density and workforce 
size in the overall regression did not increase for the overaJI regression. Results for individual 
sectors may be another matter. 
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Jo. The detailed model coefficients are able to account for more of the difference between large 
nonmetro and rural adjacent counties. but less of the difference between rural adjacent and 
nonadjacent counties than the basic model. The addition of dummy variables for metro. large 
nonmetro, and adjacent counties in the detailed model naturally improves the predicted 
differences among these types, but dummy variables for the same county types we try to predict 
do not tell us anything about what factors cause these differences. 

11. We know that unionization is higher in large nonmetro counties than in rural counties. and we 
know from Census of Manufacturing data that in 1992, large nonmetro capital investment per 
worker was 47-59% higher (see Figure I ). labor productivity was 58-68% higher, and unit labor 
costs 17-25% lower than in rural adjacent and rural nonadjacent counties in Iowa. But data on 
capital , productivity, and unionization simply was not available at the county-industry level. 
The large nonmetro towns have a long history of manufacturing: most had several thousand 
manufacturing workers dating back at least to the 1920s, at a time when most of Iowa's rural 
counties had between 25 and 250. It is quite possible that 1929 manufacturing employment could 
be a stronger predictor of 1990s manufacturing earnings than I 989 manufacturing employment. 

12. If clustering increased productivity directly given the same level of capital, and this increased 
wages, we would expect to see this in the coefficients for industry size and density. If clustering 
altered productivity in ways that led to increased capital investment and this in turn raised 
wages, we would expect this indirect effect to show up in these coefficients, as well. But the 
combined coefficients for industry size and industry density were not significant and positive in 
any sectors other than metals. To the extent that capital or unionization are correlated with 
urbanization, their effects will be captured by workforce size or the metro and large nonmetro 
dummy variables, and to the extent that they are correlated with particular industries nationwide, 
their impact will be captured by the U.S. weighted earnings based on 4-digit SIC codes. All that 
we miss are differences in capital or unionization that deviate from these patterns of correlation. 
During the study period rural capital per worker decreased relative to metro, while rural 
nonadjacent industry size and density increased and rural nonadjacent earnings relative to metro 
remained almost unchanged. But unmeasured time series changes in capital clearly do not bias 
my results, either: coefficients for industry size and density are virtually identical for 1994 in 
cross-section as they are for the pooled dataset of all nine years. The omission of capital simply 
means these results do not enable us to draw conclusions about what the relative wages (and 
productivity) of rural, large nonmetro, and metro labor would be if they had equaJ levels of 
capital per worker. 

13. Alternative specifications were estimated that included county earnings outside the given 
manufacturing sector and cost-of-living adjustments. Both variables interacted with workforce 
size such that the coefficient for one variable was extremely large and negative while the other 
would be extremely large and positive (which was negative and which was positive switched 
from sector to sector). I chose to limit my model to the variables I was most interested in. 
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14. When the basic model was estimated for printing and publishing only for the 55 rural 
nonadjacent counties, the estimated coefficient for workforce size was more than three times 
larger and fo r industry size was three rimes more negative than the same regression on only the 
44 more urban counties. Industry density is statistically insignficant among more urban counties 
but substantiaJly negative among rural nonadjacent count ies. 

44 Metro core, large non.metro. rural adjacent 
55 Rural nonadjacent 

Workforce 
Size 

0. 126 
0.4 19 

Industry 
Size 

-0.081 
-0.259 

lndustry 
Density 

0.023 
-0.169 

These regression results are consistent with the observation that, the more an industry consists 
of plants producing for a local market. the more we can expect low industry density to represent 
monopoly power and the more we can expect workforce size to represent market size (increasing 
value of marginal product by spreading substantial fi xed costs in publishing over a larger 
subscriber base). It is only among firms that export a substantial portion of their production that 
we might expect clustering to potentially raise value of marginal product. 

15. Half are classified as SIC 2875, which indicates the only chemical manufacturing they 
perform is to mix fertilizers from prepurchased ammonia, phosphate etc. A significant portion of 
the other half of agricultural chemical firms are also engaged primarily in providing chemicals and 
services to local farmers. as evidenced both by product descriptions and by firm names such as 
"Taylor County Agri -Center", "Cedar Johnson Farm Service Co.". "Gold-Eagle Co-op" and 
"Farm Service Agriland Inc." 

16. There were 139 feed mills in the 1994 DES data. Particularly in northern lowa. there are 
often several in each county. While some mills may ship mixed feeds considerable distances, most 
of the small mills are local elevators and co-ops of the type that primarily market to farmers in 
the area. 

17. Jn general, fabricated metals sell a large portion of their products locally as well. But here the 
situation is reversed. In Iowa's rural counties, the overwhelming majority of fabricated metals are 
automotive stampings, tools, and other products which are primarily exported outside the region. 
Structural meta.I , metaJ plating, and other firms which primarily serve customers in the immediate 
area make up I 0% or less of fabricated metals employment among counties not adjacent to metro 
areas (compared to roughly a third in metro core counties). Because fabricated metals, in rum, are 
only a quarter of the total employment in metals and equipment, such local plants make up a 
comparatively small portion of employment in this sector. 

18. l show both total payroll and production wages because, to the extent that nonproduction 
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workers in metro areas (in headquarters, design, marketing. etc.) perform functions for rural 
branch plants (or vice versa), payroll per dollar of value added at the plant level may give a 
misleacting picture of unjt labor costs. These graphs bracket the possible range for unjt labor costs 
if all services performed withfo a firm could be allocated to the production site receiving them. 

19. When Bernat (I 995) performed estimates of agglomeration economies for the U.S. in the 
1970s and the late 1980s, he found that agglomeration effects were important but had declined in 
significance over time. My model specification assumes the slope parameters remain constant 
over time. 1f agglomeration economies have declined, trus could be consistent with the largest 
erosion of metro employment in those sectors where advantages of agglomeration effects were 
highest. But the change in Iowa nonmetro share is tied to clustering effects and not urbanization 
effects. so it is difficult to fit this interpretation to the evidence. 

20. It is clear that rural-urban earnings differences in Iowa cannot be accounted for by cost-of-
living differences alone. Table 3 indicates that nonmetro manufacturing earnfogs are 16% lower 
than metro after adjusting for industry mix, while the estimated metro-nonmetro cost-of-living 
difference for manufacturing workers averages only 4.4% (See Note 4 ). 
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DATA AND METHODS OF MEASUREMENT 

Data Sources 

Data on employment. earnings. and number of units for Iowa counties by 4-digit SIC 

came from ES 202 data for the years 1983-1994. obtained from the Iowa Department of 

Employment Services. Data on employment by 3-digit SIC broken down by 881 

occupations were obtained from the Iowa Industry-Occupation matrix for 1994 (Iowa 

Department of Employment Services). Average wages by occupation came from The Iowa 

Wage Survey 1994 (Iowa Department of Employment Services) supplemented by the 1994 

Occupational Outlook Handbook (U.S. Bureau of Labor Statistics 1996). County Business 

Patterns data were used for average earnings and weighted average firm size by 4-digit SIC for 

the United States for the years 1986-1993 ( 1994 for earnings). 1986 was the earliest year 

available in electronic form on CD-ROM. County Business Patterns also provided data on 

establishments by employment size code in the nearest two tiers of counties in neighboring 

states (1983-94 in printed form, and 1986-1994 on CD-ROM). 

Education and number of workers were from the 1990 Census of Population. 1992 

and 1987 Census of Manufacturing by ZIP Code, Official Iowa Directory of Manufacturing. 

and Iowa Business Directories were used in estjmating individual plant employment where 

there were several plants in one 4-digit SIC code in a county. Maplnfo 3.0 contained point 

latitude-longitude coordinates for ZIP Codes. Iowa DOT maps and the 1992-93 Blue Book 

were used to identify 4-year colleges. 
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ES 202 

The most important source of data for this project was ES 202 data on employment. 

earnings. and number of units by 4-digit SIC for Iowa counties covering the years 1983-1994. 

ES-202 data is collected by the lowa Department of Employment Services when firms report 

payroll and employment by quarter for unemployment insurance. in accordance with federal 

law and the Bureau of Labor Statistics. Because publicly available sources of economic data 

do not disclose information for units where this would reveal information about individual 

units, it is ordinarily very difficult to compare firms in clusters with firms that are the only 

firm in their industry. We obtained permission to use thi s data through a cooperative 

agreement with Director Cynthia Eisenauer. To maintain strict confidentiality, industry and 

county data from ES-202 will only be reported at levels of aggregation that avoid disclosure 

of information about individual units. in accordance with standard BLS and DES procedures 

for nondisclosure . 

The employment and earnings data are annual averages that include any and all wage-

and-salary employment and payroll throughout the course of the year. rather than data 

collected for a particular week or month. All firms with wage-and-salary employment 

covered under unemployment insurance are legally required to provide accurate data on a 

quarterly basis. Therefore, the data is a complete Census rather than a survey sample. and the 

level of accuracy is quite high. 

Self-employment or other proprietors' income and employment is not included in ES 

202. This makes very little difference in this study. because the share of self-employment 
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in total employment is smaller in U.S. manufacturing than in any other sector. Only 1.7% of 

manufacturing employment is self-employed. compared with almost 10% across all industries 

and 19% of all construction employment (Aronson 1991 ). 

Most surveys of establishments ask firms to report their principal SJC code. In the 

Iowa ES 202 data, DES analysts decide what SIC code to classify each firm in based on 

information provided by the firms. This generally results in far more consistent classification 

of firms at the same particular time and area. SIC classifications changed qwte frequently for 

some units. presumably due to changes in product mix. Sometimes the classification for a 

unit changed mid-year, though usually they changed at the beginning of a new year. In such 

cases, I assigned the unit that year to the SIC code with the larger share of annual 

employment. In some counties, large numbers of firms changed SIC codes all at once at just a 

few points in time, suggesting that either a different analyst was assigned to that county, or 

that SIC classifications in counties are reevaluated at a few points in time. 

Variables 

Earnings 

Earnings are the dependent variable. The measure used for earnings in this study is 

real average annual earnings per job in all manufacturing plants classified in a particular 

manufacturing sector in a particular county in a particular year (deflated by the CPJ to obtain 

earnings in constant 1994 dollars). No data on hours is collected in ES-202. 
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U.S. Weighted Earnings 

This measure indicates what the average annual earnings in a 

county in a particular sector would be if each worker earned the U.S. average earnings for that 

year. County Business Patterns data is used for U.S. average earnings by 4-digit SIC code. It 

captures whether the mix of 4-digit SIC codes within a sector are in comparatively high-wage 

or low-wage SIC codes. Since it is based on U.S. a erage earnings in that year. it also controls 

for business cycle and other time-series changes particular to that industry. For instance. this 

measure reflects that at the national level in SIC 2011 Meatpacking, average annual earnings in 

constant 1994 do llars were $25.302 in 1986. but declined to $21,268 by 1993. U.S. 

weighted earn ings for individual plants are weighted by the employment in each plant that 

year to arrive at a va lue for U.S. weighted earnings for an entire sector in a county. 

Both ES 202 and County Business Patterns data switched from the 1977 SIC 

Classification to the 1987 SIC Classification beginning in 1988. SIC codes for all Iowa plants 

that existed 1983-87 were translated to 1987 SIC definitions, in order to make use of the 

additional five years of information. Some 1987 SIC codes do not correspond on a one-to-

one basis with 1977 SIC codes. ln these cases, U.S. average earnings for 4-digit ( 1987) SIC 

codes 1986 and 1987 were estimated based on trends in 3-digit SIC codes 1986-1989 and 

observed trends in the continuing 4-digit SIC codes 88-94. 

Plant Size 

This is weighted average plant s ize in the county in a particular sector relative to the 

expected plant size based on U.S. weighted average plant size. If the size of an individual 
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plant is the same as the U.S. weighted average size in that 4-digit SIC code, Plant Size=l .00. 

If a plant employs 50 workers in a 4-digit SlC code where the U.S. weighted average size is 

250, Plant Size = 0.20 for that plant. Since the unit of observation is a sector in a county, 

the Plant Size value for a particular sector in a county is the weighted average of all the 

individual plants in that sector in that county. 

If there is a single plant with 1,000 workers in Industry A in county C, the a erage 

plant size and the weighted average plant size are both 1,000. However. if there are four 

plants with 1 worker each and one plant with 996 workers. the average plant size in the 

county drops to 200. while the weighted average plant size in the county drops just slightly 

to 992 (996*(996/1000)+ 1*(1/ 1000)+ 1*( 1/ 1000)+ 1*( 1/ 1000)+ 1*(111000)=992). Since we are 

measuring determinants of manufacturing wages, and 99.6% of the workers earning wages in 

the industry in this county work in a large plant with 1,000 workers. it is more appropriate 

to use weighted average plant size. Adding less than I% additional employment in the county 

wi ll do little to change average earnings. and ideally our explanatory variable measuring plant 

size should not be highly sensitive to such small changes, either. Since individual plant sizes 

already had to be determined in order to measure changes in industry density. it was a simple 

matter to calculate weighted average plant size in each sector rather than average plant size. 

U.S. weighted earnings are based on 4-digit SIC codes. The weighted U.S. average 

plant size in 3599 Industrial machinery, nee in 1990 was 54 employees, while in 353 1 

Construction machinery it was 1,122. Average earnings in 3599 were $28,92 1, while they 

were $36,019 in 3531 . If there is a direct relationship between plant size and average earnings, 
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then we might expect that a plant with 200 employees in SIC 3599 will earn more than the 

U.S. average for that SIC. while if a plant this size is in SIC 3531 we might expect it to earn 

less than the U.S. average for its industry. The average earnings for any 4-digit SIC code will 

already implicitly reflect that the firms in that industry tend to be larger or smaller. on 

average. What remains to be explained by the Plant Size variable is whether or not this plant 

is large for its industry. Average U.S. earnings in SIC 37 are quite high. and weighted average 

plant size is near 3.000. Most Iowa plants in SIC 37 are both considerably smaller and earn 

considerably less than the U.S. average. Iowa plants in SlC 35 often earn wages above the 

national average. Although not much larger than Iowa plants in SIC 37 in absolute terms, we 

find they are considerably larger when national average sizes are taken into account. Using 

absolute plant sizes (rather than relati ve plant sizes) in conjunction with national average 

earnings, the regression likely would not perform as well predicting manufacturing earnings in 

Iowa across different SIC codes. 

U.S. weighted average firm sizes were approximated using County Business 

Patterns, which provides data on the number of employees and the number of units in each of 

nine employment size classes. The average plant size in each size class was multiplied times 

a weight equal to the share of that size class in total employment for that 4-digit SIC code. 

When summed across all size codes, this results in the weighted average size of plants in that 

industry. The resulting weighted average should be the expected value you would obtain, on 

average, if you randomly sampled workers in the industry and found out the employment of 

the plant they worked in. By contrast dividing industry employment by the total number of 
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units (simple average plant size) gives equal weight to all plants. 

Average plant size and weighted average plant size can be quite different, and suggest 

quite different trends. Between 1988 and 1993 the average establishment size in SIC 2011 

Meatpacking grew just 3%, from 87 to 90 workers. Although the number of very small 

meatpacking plants grew, evidently the share of total employment shifted towards the largest 

plants. because weighted average plant size in meatpacking grew from 871 workers in 1988 to 

1,077 workers in 1993 (a 23% increase in five years time). Since average annual U.S. 

earnings per worker are weighted by the number of workers. then in order to predict wages, 

the appropriate measure of plant size is ideally also one that is weighted by workers. ln an 

industry where earnings rise as a function of plant size, then all other things being equal, we 

would expect a worker in a plant of the average U.S. plant size to actually earn less than the 

U.S. average earnings for that industry. The weighted average plant size, on the other hand, 

would likely be a far better indicator of the size of plant that we would expect to earn the 

U.S. average earnings in that 4-digit SIC code. 

Employment for some size classes for some 4-digit SIC codes were nondisclosed at 

the national level (usually because there were fewer than three units in that size class), 

although total employment by 4-digit SIC code was always disclosed. In nondisclosed size 

classes. the number of units in that size class was still reported. A formula in FileMaker Pro 

(a relational database) automatically determined the next most detailed SIC level at which 

employment in that plant size class was disclosed and subtracted employment and units for 

all the disclosed 4-digit SIC codes to find the average plant size within that size class of all 
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the (residual) undisclosed 4-digit SIC codes within the di sclosed level. This average size was 

multiplied by the number of units in the undisclosed size class. After this first stage, if 

average size was understated in one undisclosed SIC. it was overstated in one or more other 

undisclosed SI Cs by an equal amount. Within a particular 4-digit SIC code, this estimated 

employment for all nondisclosed size classes was then automatically compared with the 

acruaJ total for all nondisclosed size classes (the residual after the total of all disclosed size 

classes is subtracted from total 4-digit SIC employment). A formula automatically flagged 

major disparities and adjustments were made manually if they did not agree closely. Whjle 

not as exact as methods using Maximum Likelihood Estimation. any remaining ruscrepancies 

were small enough that they would not change my estimates of weighted average plant size 

for entire 4-digit SIC codes by a substantial amount. Another formula automatically flagged 

any 4-digit SIC codes that jumped dramatically from one year to another, I checked these 

manually. and generally found evidence from the unit counts by size code that a large plant 

had either actually entered or left the SIC code, or else had grown or declined dramatically (so 

either due to reclassification to another SIC code or else due to an actual plant startup/ 

closure/expansion/contraction. as opposed to some fluke due to my method of estimation). 

As mentioned above under U.S. Average Earnings. some 1987 SIC codes do not 

correspond on a one-to-one basis with 1977 SIC codes. Where 1977 SIC codes combined. 

1987 Classification weighted average plant sizes are simply a weighted average of the joined 

1977 SIC codes (weighted by employment in each 1977 SIC code). Where 1977 SIC codes 

were split into multiple 1987 SJC codes. U.S. weighted average plant sizes for these 4-digit 
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( 1987) SlC codes in 1986 and 1987 were estimated based on trends in average earnings fo r 

1977 Classification 3-digit SIC codes (or 1987 Classification 4-digit codes with relevant 1987 

Codes recombined) over 1986-1989 and observed trends in the continuing 4-digit SIC codes 

88-93. 

Workforce Size 

Workforce size is used as a measure of urbanization. Data on the number of workers 

resid ing in each county is from the 1990 Census of Population. Workers as defined in the 

Census were used rather than labor force. because outside of manufacturing. self-employment 

is a significant portion of the general economy. This is a measure of the size of the labor 

market area available to a county. and a portion of the workforce from surrounding counties is 

included using the same distance function used to calculate industry size and clustering. 

Ideally I would have liked a measure of workers (including self-employed) by place of work 

rather than by place of residence. since place of work data was used for industry size and 

industry densi ty (and that is how the distance function was derived). 

Maplnfo generated coordinates for the weighted average of all the Census block 

groups in each county. and these resulting county centers of population were used to 

determine the effective distance between counties. Using the center of population makes a 

large difference only in those counties where most of the population is concentrated at one 

side of the county (principally those along rivers and those in or near metro areas). This 

reflects. for instance. that most of the population in Pottawattamie County (Council Bluffs) 

is very close to Omaha (Omaha MSA) much of the population in Warren County is 
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concentrated close to Polk County (Des Moines MSA}, and most of the population in Scott 

County (Davenport) is close to Moline County (Quad Cities MSA). 

Industry Size 

Trus is a measure of how many workers within commuting distance are employed by 

plants in the same 3-digit SIC code or closely related 3-digit SIC codes. The industry for a 

given plant in a particular 3-digit SIC code is defined to be all plants in its own 3-digit SIC 

code, adjusted by a distance function according to how miles away the other plant is located, 

plus plants in closely related 3-digit SIC codes adjusted by both the distance function and a 

weight based on their impact on increasing key occupations to that 3-digit SIC. 

The distance function was derived from 1990 Census of Population journey to work 

data for Iowa. Using a 5 mile x 5 mile grid. the share of total workers who commute a given 

distance to work was divided by the number of 5 mile blocks at that distance, to give the 

average density of workers' places of residence clistributed about their place of work. The 

density of this distribution drops off quite rapidly. Since manufacturing jobs generally pay 

above average wages (especially relative to many retail and service jobs) and thus may induce 

workers to commute farther, these may be somewhat conservative assumptions. 

A second distribution represents the percentage of workers who are willing to 

commute a given distance from their place of residence to a plant. This is based on the same 

share of workers willing to commute a given distance (if 50% commute over 15 minutes. then 

I assume 50% are willing to commute to a plant at a distance of I 5 miles). This again seems 

to be a conservative assumption, since this is the percent that have already chosen to work at 
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a job at the distance. However. since they are presumably will ing to commute this distance in 

any direction. in this second case the density is not divided by the number of blocks at that 

distance. so this function doesn't drop off as rapidly. 

The two distributions are overlapped, centered on the same point to begin with. and 

then one "plant" is moved away by fi ve mile increments. It seems logical to assume that those 

workers who in fact commute greater distances in the first distribution will be the same 

workers willing to commute greater distances in the second. The overlap between the two 

distributions then indicates what share of the workers actually employed at Plant B are 

willing to commute to Plant A, calculated by taking the minimum densities of the two 

di stributions across all 5 mile blocks as a share of the total area under the distribution about 

Plant B. 

What results is a bell -shaped density function that drops off fairly rapidly beyond 

10-1 5 miles, but has a tail that extends to 70 miles. This function has a value near 0.50 at 25 

miles and a value near 0. 10 at 50 miles. Keep in mind that, at a distance of 50 miles between 

plants, the workers in question are those who live more or less midway between the two 

plants (necessari ly only those wi lling to commute distances over 25 miles). 

While thi s seems an accurate way to come up wi th a conservative estimate of the 

total share of workers at one plant willing to commute to another plant at a given distance, it 

is also true that workers will be more wi lling to commute at closer distances than farther 

distances. Perhaps a count that gives equal weight to those workers who might j ust barely be 

willing to commute that far (under the right circumstances) and to those located much closer 
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still results in a distance function that reaches too far. 

It is reassuring that these weights derived from average commuting times do 

correspond closely to empirical results obtained by Khan. Orazem and Ono ( 1997) in a 

study of counties in the Upper Midwest. which estimated the relative impact of an increase 

in employment in one county on population growth in the same county. one county. and rwo 

counties away. respectively. An "average" fowa county is roughly 24 miles by 24 miles. 

lndustry Density 

Data on individual firm sizes were derived using electronic 1987 and 1992 Census of 

Manufacturing by ZIP Code (and employment size code) records entered into a relational 

database, matching this with the ES 202 data by industry, and combining this with 

information from Directories of Manufacturing and Business Directories to identify the 

relative size of firms and births/deaths/contractions/expansions over the period 1983- 1994. 

See Appendix C for a description of this procedure. All individual firm employment was 

allocated in such a way that it added up to industry totals for each year in the ES 202 data, 

and the ES 202 SIC classification was the one used in all cases except when the other sources 

clearly indicated a misclassification according to the descriptions in 1987 SIC Manual. 

High School 'Education and College Education 

These variables are measured as percent of adults in prime working years (ages 25-64) 

who have completed high school and who have completed four years or more of college. 

respectively. These were derived from 1990 Census of Population data. Education for all 

adults was available on CD-ROM, while education for adults 65+ was found in printed 
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reports and was subtracted to obtain education among the population ages 25-64. While 

many adults 65 and over continue to work. this is generally not true in manufacturing. It 

turned out that. once retfrement age adults are excluded. levels of high school completion are 

lowest in the larger, manufacturing-dependent nonmetro counties (those with 20,000 or more 

urban residents, not part of a metro area). Because the more rural and farming-dependent 

counties tend to have proportionally larger shares of retirement age aduJts, education levels 

for all adults in these counties are sometimes among the lowest in the state. However. high 

school completion rates among rural adults 25-65 were frequently as high and sometimes 

higher than in metro counties. College completion rates were highest in metro counties, as 

expected. 

Metro Core 

This is a dummy variable for metro core counties - those metro counties that contain 

an urbanized area. According to the Census. an urbanized area has over 50.000 residents who 

live in contiguous places with sufficient population densiry. In the 1990 Census. two-thirds 

of the U.S. population and roughly one-third oflowans lived in urbanized areas. 

URB20 (Large Nonmetro) 

This is a dummy variable for more urban nonmetro counties - those with over 

20,000 residents living in urban areas. According to the Census Burea~ urban areas are 

defined to be places with a population of 2,500 or more. Three-fourths of the U.S. 

population and close to two-thirds of Iowans lived in urban areas in 1990. 

Nonmetro towns in Iowa show a remarkably strong correlation between town size 
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and economic base. Seven of the ten nonmetro counties where the largest town has a 

population of 12.000-40.000 are heavily manufacturing-dependent (manufacturing accounts 

for between 28 and 52% of all earnings in 1992, BEA REIS). while only one of these counties 

has a 4-year college. Ten of the twelve counties where the largest town has a population of 

8.000-12.000 have 4-year private colleges. whi le only three smaller towns have 4-year 

colleges. The counties where the largest town is less than 8,000 are mostly either 

manufacturing or fanning dependent (or both). Manufacturing in large nonmetro counties is 

quite different from other nonmetro manufacturing. as evidenced by average manufacturing 

earnings almost equal to those in metro areas. 

Adjacent to Metro Core 

A third dummy variable indicates which counties are adjacent to a metro core county 

(and have their nearest county border within 35 miles of the metro urbanized area). Note that 

this is a slightly different set of counties from those considered "adjacent" in the Beale codes. 

"fringe" metro counties (Dallas and Warren) in this study are classified as "rural adjacent" 

(not "metro core"). Such counties are classified as metro by the Census Bureau based on the 

significant share of county residents who commute to work in a Metro Core county, and 

because of this tend to have higher incomes than nonmetro counties. However I am focusing 

on the jobs actually located in the county by place of work, not incomes by place of 

residence. The manufacturing jobs actually located in metro fringe counties (Dallas and 

Warren) during 1986-94 have far more in common with other rural adjacent counties than 

they do with metro core counties (based on characteristics such as average earnings and value-



www.manaraa.com

74 

added per worker) . 

The Beale codes in turn classify those counties adjacent to Dallas and Warren counties 

as "adjacent" (such as Guthrie, Lucas, Clarke). Most of the population in these counties are 

nearly an hour if not more than an hour from the urbanized area of the Des Moines MSA. and 

I do not classify these as "adjacent." In addition, because the Council Bluffs and Sioux City 

urbanized areas are located at the extreme west edge of Pottawattamie and Woodbury 

counties (unusually wide counties), I do not classify Cass County and Crawford County as 

adjacent. It is a 50 mile drive to Atlantic and a 54 mile drive to Denison, the county seats of 

Cass and Crawford counties. 50 miles is ordinarily the distance to a county seat two counties 

almost anywhere else in Iowa (the average county size is 24 miles across) . lfl include 

counties nearly an hour from an urbanized area as "adjacent," then I would need to include a 

lot of other "nonadjacent" counties as adjacent as well , to be consistent. When I report 

summary data grouped into metro, large nonmetro, rural adjacent and rural nonadjacent, I use 

standard Beale code classifications for consistency with other reports. However. in my 

regressions I do not classify counties as "adjacent" when the MSA urbanized area is 35 miles 

or more from the nearest county border. 

Interstate Highway 

This dummy variable simply indicates whether an interstate highway passes through 

the county during the study period. 
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Co llege 

A dummy variable indicates whether a 4-year college is located in the county. This 

infonnation was obtained from Iowa DOT road maps and the 1992-93 Blue Book. 

Methods of Measurement 

Definition of a Plan t 

Jn some cases, several manufacturing establishments in a county were owned by a 

single firm. The Census of Manufacturing by ZTP Code reports these as multiple plants. 

Prior to 1990. the DES data usually classified these as a single unit (even when the individual 

establishments would not otherwise be assigned to the same SIC code). After 1990, these 

were reported as separate units - in a few cases as many as nine different units in the same 

ZIP Code. It appears that some of these "units"are probably management and other auxiliary 

functions located at the same street address and the in same establishment where production 

occurs. Thus. a count of firms. establishments. and units may give three different numbers. 

In thi s study, I focus on establishments (plants) rather than firms or payroll units. In 

cases where multiple units are owned by a single firm, thi s study defines a plant to be a unit 

with a distinct street address found in either the Directories of Manufacturing or the Iowa 

Business Directories. My reasoning is that, if a unit doesn't have its own distinct address and 

phone listed in either the Manufacturi ng Directories or the yellow pages (the source of 

listings in the Iowa Business Directories). then it's very likely that it doesn't handle its own 

hiring and personnel policies, purchases, shipping, etc. 
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Using thi s definition, some "clusters" may consist partly or entirely of plants owned 

by the same firm. Hon Industries has a number of distinct plants listed in the Directories of 

Manufacruring, all located in Muscatine. It is particularly common in textiles and apparel to 

find more than one plant owned by a single firm in the same labor market area, with the 

second or third plant often located 15-25 miles away. Multiple local establishments also 

occur frequently in printing and publishing. Other examples include a number of plants in 

south central Iowa that manufacture wiring harnesses. metal stampings plants in rural central 

and northeast Iowa, plastics plants in central and east central Iowa. other metalworking and 

industrial equipment firms like John Deere in metro counties. and several millwork and 

furniture manufacturers located in Waterloo. Council Bluffs, and other metro locations. It is 

most common of all in ready-mixed concrete, but these plants were not included in any of the 

ten manufacturing sectors. 

If we tried to classify multiple establishments owned by one firm as a single unjt, then 

our job becomes far more complex. As a practical matter. when equally sized plants are 

located 20 miles apart in the same county we must decide where to assign all the 

employment. And then we must consider whether we will be consistent if plants are located 

20 miles apart in neighboring counties, instead. We must also attempt to learn whether plants 

with different names are in fact owned by the same parent company. We have to decide what 

to do in cases with partnerships and other shared ownership. (Should we treat the Meredith-

Burda printing plant to be a part of Meredith, but then treat it as a separate plant after it was 

sold to R. R. Donnelley?) Given the far more incomplete information available, it would be 
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much more difficult to come up with an objective definition of plants that was based on finn 

ownership. It is far more straightforward and consistent to simply look up a plant and 

detennine whether it was listed in the phone book. 

Key-occupation Elasticity of One Industry with Respect to Another 

Limitations and Considerations The key occupation elasticity is sensitive to the 

way occupations are grouped and classified. In the beginning, I used the occupation 

distribution at the next most detailed level (with 110 occupation groups) rather than the most 

detailed level (with 811 occupations). The BLS and the Iowa DES use a set of occupations 

that group both certain meat cutters and semiconductor workers under a category "Other 

machine setters, operators and tenders" at the third level of detail. So until I turned to the 

fourth, most detailed breakdown of occupations, computer equipment plants were classified 

as one of the closest industries to meat packing plants! 

Using only the more detailed occupations means that. for instance, pattern and 

moldmakers in metal industries and pattern and moldmakers in plastics are treated as different 

even if they construct the patterns from the same materials. These occupations are grouped 

together at the next level of detail. The fourth (highest) level of detail defines many 

occupations that are specific to meatpacking. As a result, other food processing industries 

are not classified as using similar skills/occupations to meatpacking using the key-occupation 

elasticities, and there is not a single industry which is treated as similar to meatpacking in my 

analysis. Whether meatpacking and other food processing occupations are really this 

distinctly different is an open question. 
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I considered a weighted combination of these two le els of detail (70%. 30%) that 

would reflect some crossover of skills among occupations grouped together at the third level 

of detail , while setting a minimum thresh hold at a level that would safely exclude any 

erroneous similarities like that in "miscellaneous operators" in semiconductor and 

meatpacking plants. However. in most industries the weighted combination of the third and 

fourth level of detail was not a substantial change from simply using the 880 most detailed 

occupations. 

This measure may also change somewhat if we take the occupational di stribution of 

the U.S. or some other area as the base. rather than that for Iowa. Since Iowa speciaJizes in 

metalworking, industrial equipment, and food processing and has comparatively high numbers 

of workers in these occupations. key occupations elasticities for these industries will be 

lower. The highest key occupation elasticities in Iowa manufacturing are for textiles and 

apparel industries, since there are relatively so few of these workers. 

However. thi s sensitivity to the area chosen as a base seems appropriate. Where 

textile workers are scarce, locating near other textile firms will have a greater impact than 

within a region where textiles are ubiquitous. It is simply important to choose a base that is 

most relevant for the questions that we want to ask. 

Three Alternative Measures of Industry Density 

Density-M 

In addition to measuring Industry Size, this analysis utiJizes a measure of Industry 

density. Regression results are reported for Density-M (M fo r Marshallian. to be explained 
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below), which is simply the reciprocal of the Herfindahl index. 

If there are m firms in the industry. 

Density-Mg = for i= 1 tom 
---'----

L:S./\2 
l 

where S. is the share of plant i in total industry employment 
l 

S· = N · for i= 1 to m I -! 

)N. 
- l 

I take the reciprocal of the standard Herfindahl index because this makes it far easier 

to interpret the resulting regression coefficients. A single firm in the industry results in a 

Density-M index of I. three equally sized firms results in a HCl of 3, etc. A market with 

unequally sized firms is thus assigned a value that indicates this degree of concentration is the 

same as that associated with this given number of equally sized firms: One firm with 50% 

and one with 30%. and one with 20% of the industry have a Herfindahl Cluster lndex of 2.63. 

the same as that of 2.6 equally-sized firms. If we started with three firms with shares of 

50%. 30% and 20%. then a 100% increase in Density-M could be six firms with shares of 

25%. 25%, 15%. 15%, I 0% and I 0%. Two or more firms in the same 4-digit industry at the 

same location will have the same Density-M, even if they are of unequal sizes. 

Density-H 

Two other clustering measures were developed as well. Density-H (for "Hub-

and-spoke" cluster) for a plant is equal to the number of plants at least as large as 

itself, with smaller plants treated as a fraction of a plant. If there are m plants in Industry K, 
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and N is plant employment. then the Cluster Index for plant g is 

Density-Hg = l:minCNg.Ni) . for i= I to m 
Ng 

Two unequally-s ized firms in the same 4-digit industry at the same location will not 

have the same Density-H . Large firms will have very few other finns as large as themselves. 

while small firms at the same location can have very high values for MCI. When all the firms 

in the industry are the same size. Density-H returns the exact same value as Density-H : four 

equally sized finns in the Industry give a Density-H value of 4. 

When all the firms are the same size, Density-H gives the exact same value as 

Density-M: four equally sized firms in the Industry give an Density-H of 4. However. when 

there is a single large firm and many small firms, Density-M gives relatively far more weight 

to the larger firm(s). Thus Density-M is good at measuring "Marshallian" industry clusters, 

but not "Hub and Spoke" industry clusters which are dominated by one or several large, 

vertically integrated firms. Since Densi ty-H returns nearly the same value as Density-M 

where firms are of relatively equal size. Density-H detects both Marshallian and hub-and-

spoke clusters, while Density-M does a comparatively good job only with the Marshallian 

type. The only reason for using Density-M rather than Density-H is because Density-H has 

far more severe problems with inflated values on the boundary between densely and sparsely 

populated areas. when large finns are in the labor market area but outside the county, which I 

discuss below. 

As one example there were over 200 establishments in the printing and publishing 

industry in Polk County (core of Des Moines metro area) with total county employment of 
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nearly 8.000 employees in 1990. The largest three firms had over half of county 

employment, and there are another 15 with more than 50 workers (not counting neighboring 

counties). While Density-H gave a value of 5.5 to Printing and Publishing in Polk County in 

1990. Density-M gave it a value of 17.7. In spite of the size of the three largest firms. the 

"average" worker in Polk County printing and publishing (if they were randomly sampled) 

has nearly 18 other firms at least as large as the one they work in. if you count smaller firms 

as a fraction of a firm. (consider that while the largest firm will have a Density-H less than 

three and will receive the most weight in the weighted average for the sector, many of the 

smallest of the 200 establishments will have a Density-H around 200). From the point of 

view of the person hiring for a firm, on average there are nearly 18 other firms at least as large 

as their own. Not only is there a large pool of workers experienced in occupations specific 

to printing and publishfog (already measured by Industry Size), but the firm also has access 

to workers who come from a comparatively diverse range of different work environments. 

with a potentially wider variety of experience. new ideas and skills. This wider variety 

means there is likely a higher chance that at least one of the applicants will already have 

experience with a particular type of client. software program, piece of equipment, procedure. 

or printing process. 

While l believe these are sound indicators at a local level, it seems that any pure 

measure of structure runs into problems when I give firms declining weight as a function of 

distance. The highest values for either the Density-M or Density-H are found not in the 

county where the largest cluster of firms is located, but in counties with a few very small 
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firms located 30-60 miles away from cities and other large clusters. Guthrie County. located 

about 40 miles west of Polk County with fewer than 30 printing and publishing employees in 

the county, had an Density-M of 8.6 (56% higher than Polk) and a Density-H of 45.4 ( 156~0 

higher) for this sector, because even when Polk County firms are weighted at 0. 10 or 0.1 5. 

thi s still results in roughly 45 firms as large as one of the handful of small printing firms in 

Guthrie County). As you can see. this "exurban fringe" effect is far more severe with 

Density-H than with Density-M. even though in general I prefer Density-Has a local 

indicator of clustering because it picks up clusters even in the presence of large firms. such as 

the 200 printing and publishing firms in the Des Moines metro area. 

As a result. the mean value of Density-Mis actually as high or even slightly higher in 

non-adjacent rural counties than in the metro and more urban nonrnetro counties because 

some counties on the "exurban fringe" (25-50 miles from metro areas) with only small plants 

have astronomically high values. Consider that when a firm 50 miles away is given a weight 

roughly 0. 10, a plant with I 00 employees wi ll be treated like a plant with I 0 employees and 

a plant with 20 employees like one with 2, reflecting the comparatively small number of 

workers who live within commuting distance of both plants. In many industries like Printing 

and Publishing or Metals, there may easily be 30-60 plants within 60 miles most places in the 

state, and far more near the largest metros. Most are treated as equivalent to very small firms 

because of the distance. Usually, a county contains some sizeable firms so the distant firms 

don't have such a large impact. But when none of the plants in a county have more than 2-5 

employees, then all these distant plants mean dozens of plants at least as large (in the case of 
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Density-H). or an industry with lots of very small firms and no large ones (in the case of 

Density-M). Values for truly remote counties and metro counties make sense. and I bel ieve 

both would produce a meaningful measure of clustering, if it wasn't fo r this strange effect on 

the boundary between them. 

Because Density-H emphasizes clusters of smaller firms. Density-H is inflated even 

more than Density-M in these exurban fringe counties that are not adjacent but are within one 

hour of metros. These inflated values in exurban fringe counties swamp any other differences 

between Density-M and Density-H . 

These problems do not arise with my measures of Industry Size, only with the 

measures of Clustering. This effect occurs with any "pure" measure of structure that only 

takes account of the relative size of firms (measures that remain the same if the size of all 

firms were scaled up or down by the same number). Excluding sectors with fewer than 20 

employees could probably remove only the worst effects. The only real solution seems to be 

to eliminate the declining weight for employment as a function of distance. The best 

alternative is probably to include all plants within, say, 30 miles at full weight. r bel ieve this 

would eliminate the problems with Density-M. but some problems might remain with 

Density-H since small firms across a county border can still take on such larger Density-H 

values than large firms. So long as the large firm is in the same county (and it's low Density-

H is averaged in with the small firms), this isn't a problem. 
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Cluster-S - Size-Standardized Cluster Index 

While the first two measures are measures of pure structure (double the size of all 

firms and the Density-M and Density-H are unchanged). Cluster-S is a measure that 

combines both the relative size of firms and the absolute size of the cluster. 

Standardized Cluster Index g = ,Z:minCNk.Ni) , for i= I to m, at location of plant g 
Nk 

where Nk = Weighted average U.S. size of plants in industry K 

Although multiple regression can distinguish the relati ve contributions of industry 

structure after controlling for plant size and industry size, I believe Cluster-S is a better 

indicator to use in po licy applications. and for creating maps that show high values that 

correspond with the perception one has when looking at a map of firm locations and sizes. 

Cluster-S va lues often comes close to the value you would obtain by multiplying Density-H 

times weighted average firm size of the firms for which the measure is taken. so estimating a 

model that includes plant size with Cluster-S in place of Densiry-H makes little di ffe rence. 

Discussions of industry clusters generally discuss both size ("critical mass") and 

structure (and usually linkages, communication, networks, and institutions as well). Density-

Mand Density-H only become really meaningful in combination with some measure of firm 

or industry size, as in a multiple regression. Cluster-S captures both size and structure in a 

single measure. 
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GENERAL CONCLUSIONS 

This study used data on Iowa manufacturing 1986-1994 to examine whether industry 

size and industry density increase manufacturing eamjngs. The most important finding was 

that we found only a quite modest impact on wages in metals and equipment, and the 

combined effects of industry size and industry clustering was significantly negative in half the 

sectors. The sectors with the largest negatjve effects of clustering are sectors where a 

substantial portion of the rural firms serve local markets. Additional study is required to learn 

whether or not clustering has a substantial effect on job growth, particularly for rural areas. 

Given that many rural areas currently have strong manufacturing job growth but relatively 

low wages, rural development practitioners should view claims about the benefits of industry 

clusters for rural areas with some caution. 

When the 55 nonadjacent rural counties were sorted into equally sized groups with 

relatively high, middle and low manufacturing wages, the low-wage rural nonadjacent counties 

had higher rates of job growth through startups. but lower rates of subsequent expansion and 

higher rates of plant contraction/closure. The net effect was that high manufacturing wage 

counties had net job growth over 1986-94 nearly equal to that of low manufacturing wage 

counties, and their level of manufacturing employment was considerably less cyclical. 

The characteristic that distinguished the high manufacturing wage counties most 

clearly from the others was larger plant size. Rural development professionals might achieve 

more success in raising wages by targeting plants and industries with greater internal 

economies of size. rather than those where external economies are important. Internal 
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economies of size are far more important relative to urbanization in wood products and 

furniture, and equally large in other food processing.1 The effects of both plant size and 

industry size come close to the effect of urbanization in metals (because the effect of 

urbanization is small, not because the other two are large): and this is one of the two sectors 

where rural Iowa has gained the most jobs over the past two decades. In most other sectors, 

the effects of urbanization on wages are considerably larger than the effects of plant size. 

The impact of urbanization, as measured by workforce size in the labor market area, 

varied across sectors, but was generally quite strong. The largest effect was in printing & 

publishing, followed by electronics electrical equipment & instruments and by chemicals. 

The weakest impacts were in textiles appparel & leather. wood products & furniture. and 

meatpacking. These results agree with general perceptions of which are traditional sectors for 

rural manufacturing today. More surprising was the quite strong effect of urbanization on 

food processing wages, a sector often considered to be a mainstay of rural manufacturing. We 

found that nonmetro Iowa tends to have has a larger share of the state's employment in those 

sectors where the estimated impact of urbanization on wages is relatively small. 

Shifts in nonmetro market share of Iowa manufacturing do not correspond very 

closely with these estimated urbanization effects. In most sectors. it was nonmetro Iowa that 

gained market share 1979-1994, yet Census of Manufacturing data does not indicate a rural 

advantage in unit labor costs. Further research into these shifts is justified. 

Finally, key-occupation elasticities may have other uses for economic development 

practitioners. For communities where important local industries are in decline, they could 
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serve as a guide to which stable or growing industries would make the most use of the sk ills 

that already exist. A list of closely related industries could be examined to see which ones are 

growing and which ones exhibit different cycles of expansion and decline. Using this tool. 

local economies could di versify into other industries and product markets without abandoning 

their comparative advantage they have already deve loped in particular skills and technologies. 

Notes 

l . Other food processing in rural nonadjacent Iowa consists heavi ly of prepared feeds. rendering, 
and other industries which often locate near raw inputs. rather than "footloose" food processing 
industries producing products for direct human consumption. Meat and poultry products (a 
sector of their own in my analysis, which often locates near inputs but also does produce 
products for direct human consumption) locates frequently in rural nonadjacent Iowa as well. 



www.manaraa.com

88 
APPENDIX A. ADDITIONAL TABLES AND FIGURES 

Closely Related 3-Digit SICs Defined to be in the Same Industry 
The 3-digit Industry Groups on the right arc those which use unusually large proportions 

of one or more key occupation to the 3-digit Industry Group listed on the kft hand ide. Kt:y 
occupations for any giwn Industry Group arc ddined to be: those occupations that the Tndu try 
Group employs in greater proportions than the statt:widt: average across all industri es. 

' Fewer than 150 t:mploye1::s statewide. When odd r1::sul ts art: obtaim:d. it is often th1:: case that at 
ka tone of the: SI Cs is quite mall or had just one or two plants in the state. 

2 For very small 3-d igit SlC not included in Che 1994 1ndustry-Occupation Matrix, value for the 
3-digit lndu try Group in brackets were substituted. 

Table Al. C losely related 3-Digit S ICs 
3-digit ( 1994) 

SIC of (Iowa) Related 3-digit SICs (bast:d on key-occupation dastic ities) 
Plant (Empl.) (Weight for O\vtl industry is 1.000. for other 3-digit SICs in parenthesc: .) 

20 I 0 (25,505) 

2020 (4,035) 2070 (0.399), 2030 (0.336) 

2030 (J,880) 2080 (0.5 18), 2090 (0.456). 34 10 (0.45 1). 2050 (0.446), 2020 (0.440), 
3250 (0.399), 2040 (0 .364) , 2840 (0.304) 

2040 (9,880) 3570 (0.340) 
2050 (2,94 5) 2030 (0.519). 3230 (0.300). 3220 (0.300) 

2060 (590) 2020 (0.468). 2030 (0.466). 2080 (0.367), 2090 (0.337) 

2070 ( 1.905) 2890 (0.758). 30 10 (0.454), 2630 (0.450). 3050 (0.424). 2840 (0.403), 
2850 (0.400). 2020 (0.316) 

2080 (1,555) 2030 (0.722). 3410 (0.641). 2090 (0.579). 2020 (0.543), 3250 (0.467), 
2040 (0.402), 2840 (0.331) 

2090 ( 1,400) 2030 (0. 717). 2080 (0.640). 26201 (0.620), 2020 (0.616). 2840 (0.606). 
3350 (0.600). 3410 (0.549). 3110 (0.542). 2070 (0.538). 3250 (0.525). 
2040 (0.509). 3950 (0.474), 2630 (0.419), 2650 (0.408), 29901 (0.390). 
2850 (0.3 82), 2810 (0.379) 

22102 [2250) 

22202 [2250) 

22302 [2250] 

23301 (0.905), 2320 (0.873). 23 10 (0.873), 2340 (0.731), 2360 (0.692), 
2350 (0.692). 23801 (0.6 12), 23701 (0.612). 31501 (0.609), 31301 (0.609), 
2270 (0.605), 2290 (0 .307) 

23301 (0.905), 2320 (0.873). 2310 (0.873), 2340 (0.73 1), 2360 (0.692), 
2350 (0.692). 23801 (0.612). 23701 (0.612). 31501 (0 .609), 31301 (0.609). 
2270 (0.605), 2290 (0.307) 

23301 (0.905). 2320 (0.873). 23 10 (0.873), 2340 (0.731), 2360 (0.692). 
2350 (0.692), 23801 (0.612). 23701 (0.612), 31501 (0.609). 31301 (0.609), 
2270 (0.605), 2290 (0.307) 
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Table Al. (continued) 
3-digit (Iowa) Related 3-digit SICs (based on kcy-occupacion dastic itic:s) 
SIC (Empl.) (Wc.::ight for own indu try is 1.000, for other 3-digic SICs in pan:nthc.::st:s.) 
2250 (520) 233 01 (0.905), 2320 (0.873). 2310 (0.873). 2340 (0.731). 2360 (0.692). 

2350 (0.692). 23801 (0.612). 23701 (0.612). 31501 (0.609). 31301 (0.609). 
2270 (0.605). 2290 (0.307) 

22601 ( 105) 23801 (0.431). 23701 (0.431). 2390 (0.355), 2750 (0.331), 2780 (0.330) 

22701 (10) 3160 (0.751). 2290 (0.711). 2390 (0.594). 31901 (0.513), 2320 (0.393), 
2310 (0.393). 2510 (0.370), 2450 (0.347). 23301 (0.335). 2340 (0.309). 
3 73 01 (0.301 ), 2250 (0.300). 2230 (0.300). 2220 (0.300), 2210 (0.300) 

22901 (100) 22701 (1.071). 3160 (0.961), 2390 (0.825). 31901 (0.691), 2510 (0.563), 
2450 (0.464), 2320 (0.443), 2310 (0.443), 3840 (0.396), 37301 (0.383). 
23801 (0.302), 23701 (0.302) 

23102 [2320) 23301 (0.928). 2340 (0.862), 2250 (0.848). 2230 (0.848). 2220 (0.848). 
22 10 (0.848). 22701 (0.739), 2360 (0.724). 2350 (0.724). 31501 (0.719). 
31301 (0.719). 23 801 (0.682), 23701 (0.682). 22901 (0.422), 3160 (0.342) 

2320 (2,350) 23301 (0.928). 2340 (0.862). 2250 (0.848). 2230 (0.848). 2220 (0.848). 
22 10 (0.848). 22701 (0.739), 2360 (0.724), 2350 (0.724), 31501 (0.7 19), 
3 1301 (0.719), 23801 (0.682), 23701 (0 .682). 22901 (0.422), 3160 (0.342) 

23301 ( 65) 2320 (0.840). 2310 (0.840), 2340 (0. 782). 2250 (0. 736), 2230 (0. 736), 
2220 (0.736), 2210 (0.736), 2360 (0.708). 2350 (0.708). 31501 (0.603). 
31301 (0.603), 22701 (0.594), 23801 (0.515). 23701 (0 .5 15). 22901 (0.364), 
3160 (0.3 16) 

2340 (280) 23301 (0.907), 2320 (0.884), 2310 (0.884), 2250 (0.787), 2230 (0.787), 
2220 (0.787), 22 10 (0.787), 31501 (0.718). 31301 (0.718). 23801 (0.709). 
23701 (0.709), 2360 (0.709). 2350 (0.709), 22701 (0.675). 22901 (0.465), 
2390 (0.314) 

2350 (I.625) 23301 (0.748). 2320 (0.721), 2310 (0.72 1), 2340 (0.660). 2250 (0.636), 
2230 (0.636), 2220 (0.636), 22 10 (0.636). 23 801 (0.556), 23701 (0.556), 
3 I 5 01 (0.533). 31301 (0.533). 22701 (0.503). 22901 (0.382) 

23 602 [23501 23301 (0 .748). 2320 (0 .72 1), 23 10 (0.721), 2340 (0.660), 2250 (0.636). 
2230 (0.636), 2220 (0.636), 2210 (0.636), 23801 (0.556). 23701 (0.556), 
3 1501 (0.533 ). 3 1301 (0.533). 22701 (0.503). 22901 (0 .382) 

237012123801) 2320 (0.713). 2310 (0.7 13), 2250 (0.625). 2230 (0.625), 2220 (0.625). 
22 10 (0.625). 2340 (0.555), 23301 (0.550). 2360 (0.482), 2350 (0.482), 
22601 (0.453), 31501 (0.434), 31301 (0.434), 22701 (0.405), 22901 (0.403), 
2390 (0.389). 3160 (0.366) 
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Table Al. (continued) 
3-digit (Iowa) Related 3-digit SICs (based on kc -occupacion dasticitie ) 
SIC (Empl.) (Weighc for own industry i. 1.000. for other 3-digit SIC in parenchc. cs.) 
23 801 (110) 2320 (0.713). 23 10 (0.7 13). 2250 (0.625). 1130 (0.625). 2220 (0.625). 

2210 (0.625). 2340 (0.555), 23301 (0 .550). 1360 (0.482). 2350 (0.482). 
22601 (0.453). 31501 (0.434). 31301 (0.434). 22701 (0.405). 22901 (0.403). 
2390 (0.389), 3160 (0.366) 

2390 (1 ,650) 3160 (1.023). 22701 (0.962), 22901 (0.90 1), 31901 (0.678). 25 10 (0.491), 
2450 (0.439). 3840 (0 .373). 37301 (0.367). 2320 (0.347). 23 10 (0.347). 
23 801 (0.332). 23701 (0 .332). 22601 (0.331) 

24 101 (40) 2420 (0.664) 

2420 (525) 2440 (0 .611 ). 24101 (0.479). 2430 (0.337) 

2430 ( 6. 77 5) 2440 (0.607). 31701 (0.533 }, 2420 (0.530). 39301 (0.51 7). 2450 (0.508). 
3650 (0.478). 2490 (0.459}, 2510 (0.400). 3580 (0.383). 2530 (0.378). 
38601 (0.357). 2540 (0.345). 3840 (0.341 ). 37501 (0.334). 3690 (0.334). 
3410 (0.322). 2520 (0.310). 3630 (0.307) 

2440 (735) 2420 (0.443), 2430 (0.399). 2490 (0 .393) 

2450 ( 185) 24 I 01 (0 .654), 2420 (0.584), 2440 (0.527) 

2490 (485) 37501 (0.738), 31701 (0.605), 32801 (0 .588), 3470 (0.583). 2430 (0.504). 

25 10 (2.945) 

2520 (2.130) 

2530 (865) 

2540 (535) 

25901 (50) 

26201 (15) 

2450 (0.486), 2440 (0.456), 2520 (0.443), 25 10 (0.429), 39301 (0.388), 
38601 (0.381 ). 3320 (0 .372), 3840 (0.355). 3490 (0.350). 3580 (0 .347), 
3790 (0.325). 3690 (0.325 ), 2530 (0 .322). 2420 (0.322). 3360 (0.32 1) 

2450 (0.534). 22901 (0.5 13 ). 3 160 (0.506). 22701 (0.461). 2390 (0.417). 
3 1901 (0 .381 ). 2430 (0.307) 

3060 (0.61 2). 3020 (0.612). 37501 (0.587). 2530 (0.559). 2540 (0 .497), 
3430 (0.490), 3460 (0.468). 2490 (0.438), 34 10 (0.428). 2450 (0.428), 
31701 (0.414). 3790 (0.400), 39301 (0.389). 3440 (0.376). 2430 (0.370), 
3480 (0.353), 3580 (0.352), 3420 (0.348). 2510 (0.339). 3080 (0.337). 
3490 (0.329). 3690 (0 .3 13). 2440 (0.3 12) 

37501 (0.520). 3430 (0.426), 2520 (0.4 11 ), 2540 (0.410), 34 10 (0.407), 
3 1701 (0.377). 2430 (0.357). 2440 (0 .350). 3580 (0.334), 3460 (0.310) 

39301 (0.41 2). 33901 (0 .342). 2450 (0.322) 

2450 (0.999). 25 10 (0.61 I ), 39301 (0.606). 31701 (0.570). 3 840 (0.524 ). 
3 160 (0.486). 22701 (0.485). 22901 (0.472). 2390 (0.404). 2430 (0.384). 
2540 (0.379). 37501 (0.373), 2490 (0.35 1), 37301 (0.347). 31901 (0.343). 
38601 (0.311) 

2670 (0.424). 2650 (0.418). 3350 (0.369) 
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Table A l. (continued) 
3-digit (Iowa) Related 3-digit SlCs (bast:d on key-occupation dasciciti1.:s) 
SIC (Empl.) (Weight for own industry is l.000, for oth1.:r 3-digit SICs in pan.:ntheses.) 
2630 (220) 

2650 (3.030) 

2670 (2. 780) 

2710 (6.995) 

2720 (1 ,750) 

2730 (1.430) 

2740 {l ,030) 

2750 (6.930) 

2760 ( 1,280) 

2780 (540) 

2790 (625) 

2810 (255) 

2820 (710) 

2830 (2,055) 

2840 (830) 

2850 (1,395) 

2860 ( 195) 

2870 (1,695) 

2890 (340) 

29101 ( 10) 

29501 ( 115) 

3110 (0.550), 2070 (0.407). 2650 (0.406). 2890 (0.364). 3350 (0.318). 
2670 (0.313). 26201 (0.308) 

2670 (0.962). 26201 (0.881). 31 10 (0.535), 3350 (0.475). 2630 (0.441), 
32101 (0.376). 31901 (0.368) 
2650 (0.732). 26201 (0.648), 311 () (0.312) 

2720 (0.697). 2740 (0.617). 2790 (0.570). 2730 (0.553), 2750 (0.434). 
2780 (0.343). 2760 (0.338) 

2740 (0.764). 2710 (0.706), 2750 (0.528). 2780 (0.482), 2730 (0.439). 
2760 (0.424). 2790 (0.363) 

2750 (0.596). 2780 (0.494), 2790 (0.481). 2760 (0.474). 2710 (0.427), 
2720 (0 .392) 

2720 (0. 745). 2710 (0.597), 2790 (0.524 ). 2780 (0.349). 2750 (0.316) 

2760 (0.621). 2780 (0.522), 2730 (0.442), 2790 (0.360), 2720 (0.345) 

2750 (0.824), 2780 (0.76 1 ), 2730 (0.488), 2720 (0.396) 

2760 (0 .585). 2750 (0.516). 2730 (0.405), 2790 (0.381 ). 2720 (0.369) 

2750 (0.430), 2710 (0.414), 2730 (0.409), 2780 (0.339), 2740 (0.337) 

3240 (0.628). 2870 (0.426). 3250 (0.381), 32101 (0.379), 3010 (0 .379). 
2820 (0.370), 2850 (0.356) 

2870 (0. 789). 2890 (0.449) 

2890 (0.553), 26201 (0.430). 2070 (0.394). 3250 (0.366), 2630 (0.352), 
2090 (0.320), 2850 (0 .317) 

2810 (0.463), 2870 (0.454) 

2830 (0.309) 

2820 (1.078), 2890 (0.573), 2810 (0.373) 

2820 (0.564), 2870 (0.506). 2070 (0.445), 2850 (0.353), 2840 (0.323) 

2830 (0.683), 2870 (0.671), 2820 (0.640) 
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Table A l . (continued) 
3-digit (Iowa) Related 3-digit S ICs (based on ke_ -occupation dasticicics) 
S IC (Empl.) (Weight for own indu try is 1.000. for other 3-digit SIC in pan:nthe es.) 
299() 1 (120) 2850 (0.712). 3410 (0 .657). 3650 (0.620). 3250 (0.522) 

30 10 (3.040) 

30202 I 3060 I 

3060 ( 1.500) 

3080 (8.920) 

3110 (185) 

31301 [315Qlj 

2520 (0.424). 3110 (0.4 19). 30 10 (0.309). 31901 (0.307) 
3050 (530) 3060 (0.341). 3020 (0.341). 3010 (0.332). 2070 (0.331) 

2520 (0.424 ). 3110 (0.419). 30 I 0 (0.309). 31901 (0.307) 

3640 (0.700). 3960 (0.499). 36 10 (0.348). 31701 (0.323). 3450 (0.309). 
37501 (0.304) 

31901 (0.496). 2630 (0.446), 32101 (0.434). 2650 (0.363). 2670 (0.327) 

23 3 01 (0.673 ). 2320 (0.665). 23 10 (0.665). 2340 (0.654). 2250 (0.595), 
2230 (0.595), 2220 (0.595). 22 10 (0.595), 2360 (0.529). 2350 (0.529), 
227 01 (0.524), 3160 (0.466). 23 801 (0.459), 23701 (0.459) 

31401 (5) 2390 (0. 707). 3 I 501 (0.342). 31301 (0.342) 

31501 (60) 23301 (0.673), 2320 (0 .665), 23 10 (0.665), 2340 (0.654), 2250 (0.595). 
2230 (0.595). 2220 (0.595), 22 10 (0.595), 2360 (0.529), 2350 (0.529). 
22701 (0.524), 3160 (0.466), 23801 (0.459). 23701 (0.459). 31401 (0.4 17) 

3160 (585) 227 01 (0.944), 22901 (0.810), 2390 (0 .780). 31901 (0.614), 25 10 (0.465). 
2450 (0.426). 3840 (0.360). 37301 (0.354) 

31701 (30) 2450 (0.642), 38601 (0.598), 37501 (0.565). 3840 (0.554), 3580 (0.500). 
3690 (0.473). 39301 (0.462). 2490 (0.456). 2430 (0.428). 2530 (0.406), 
3480 (0.392). 3430 (0.381). 3710 (0.35 1). 3790 (0.320), 3510 (0.3 15). 
3910 (0.310), 37301 (0.303) 

31901 (75) 22701 (0.665), 22901 (0.631). 3 160 (0.619), 2390 (0.555). 3110 (0.453). 
25 10 (0.398). 2450 (0 .317). 37301 (0.305) 

32 101 (30) 3010 (0.497), 3110 (0.428). 3250 (0.422), 3290 (0.4 I 6). 2670 (0 .341 ), 
31901 (0.328). 3240 (0.3 16), 281 () (0.308) 

32202 [3230) 2050 (0.3 86), 32101 (0.376), 3250 (0.337), 3240 (0.308) 

3230 (405) 2050 (0.386), 321 QI (0.376), 3250 (0.337). 3240 (0.308) 

3240 (540) 2810 (0.714), 3010 (0.473), 32101 (0.414). 3250 (0.402) 

3250 (480) 3010 (0.616), 32101 (0.47'.!), 2850 (0.412). 32801 (0.406), 2810 (0.367), 
3240 (0.349) 

32601 (50) 3990 (0.308) 
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93 
Table Al. (continued) 
3-digit (Iowa) Re lated 3-digit SI Cs (bast:d on kl:y-occupalion dasticilk. ) 
SIC (Empl.) (Weight for own indu lry i. 1.000. for otht:r 3-digir ICs in part:nthc cs.) 
3270 (3,800) 29501 (0.503) 

32801 (45) 3470 (0.378), 37:01 (0.340). 2490 (0 .331). 3010 (0.316). 3250 (0.308) 

3290 (595) 32 101 (0 .465). 33901 (0.443), 3870 (0.429). 3490 (0.328) 
33 10 (945) 3340 (0 .621). 3330 (0 .621 ) 

3320 ( l.990) 3360 (0.651 ), 3310 (0.398). 3490 (0.34 7) 

33302 [3340 J 33 I 0 (0.589) 

3340 (320) 3310 (0.589) 

3350 (2,9 15) 26201 (0.709), 3110 (0.517), 31901 (0.439). 2650 (0.408), 3950 (0.343). 
2630 (0.341) 

3360 (I .220) 3320 (0.645). 3490 (0.441 ). 3420 (0.3 66), 3590 (0.338) 

33901 (45) 3340 (0.456), 3330 (0.456). 3510 (0.333) 

34 10 (265) 3460 (0.411 ), 2530 (0.394), 3450 (0.38 1 ), 3340 (0.365), 3330 (0.365), 
3430 (0.36 1 ). 3250 (0.3 16). 3650 (0.314). 2030 (0.300) 

3420 (I .255) 3440 (0.657), 3430 (0.560), 3490 (0.487). 3450 (0.467), 3790 (0.447). 
3540 (0.436). 3530 (0.430), 3360 (0.419), 3590 (0.398). 3510 (0.397), 
3410 (0.366), 3560 (0.357), 3460 (0.341), 3520 (0.337), 3710 (0.335), 
2530 (0.329). 37501 (0 .307). 3580 (0.306), 2520 (0.302) 

3430 (645) 2530 (0.583). 3420 (0.582), 3450 (0.538), 3510 (0.531 ), 34 10 (0 .521). 
3590 (0.471). 3580 (0.470). 31701 (0.451). 2520 (0.438), 3440 (0.425), 
3710 (0.396), 37501 (0.387), 3490 (0.375), 3530 (0.372), 3540 (0.364). 
3480 (0 .364), 3690 (0.354). 3550 (0.344), 3460 (0.341). 3520 (0.340). 
3 8601 (0.339). 3 790 (0.331 ). 3610 (0.317) 

3440 (4,045) 3420 (0.541 ), 3460 (0.450), 37501 (0.426), 3790 (0.416), 3430 (0.384), 
3530 (0.362), 3520 (0.349), 35 I 0 (0.340). 2530 (0.332). 34 10 (0.315). 
3590 (0.312). 2-20 (0.30 I), 3580 (0.300) 

3450 ( 1.395) 3560 (0.538), 3 720 (0.4 I 6), 3490 (0.384 ), 3590 (0.380), 3460 (0.376), 
3520 (0.352), 3540 (0.351 ). 3430 (0.343 ). 3420 (0.343), 3510 (0.341 ). 
3710 (0.338). 3410 (0.338), 3910 (0.305) 

3460 (2,5 80) 34 10 (0.364), 3050 (0.354), 37501 (0.341), 3450 (0.320), 3290 (0.312). 
2540 (0.309), 3520 (0.306) 

3470 (330) 
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94 
Table Al. (continued) 
3-digit (Iowa) Related 3-digit SICs (bascd on kcy-rn.:cuparion dasticicics) 
SIC (Empl.) (Weight for own industry is 1.000. for other 3-digit SIC in pan:nthcscs.) 
3480 (1.175) 31701 (0.553). 3580 (0.509). 3690 (0.444), 3430 (0.436). 38601 (0 .388). 

3840 (0.379). 2450 (0.365). 2520 (0.357). 3710 (0.353). 3550 (0.352). 
3810 (0.348). 3760 (0.348). 36 10 (0.341), 2530 (0.339). 37501 (0.336), 
2430 (0.334). 39301 (0.322) 

3490 (2,910) 3360 (0.576), 3420 (0.549), 3320 (0.546), 3450 (0.537), 3590 (0.533). 
3290 (0.530), 3460 (0.499). 37501 (0.478), 3560 (0.473). 3710 (0.399), 
32801 (0.396), 3870 (0.389), 3540 (0.386). 3510 (0.386), 3430 (0.375), 
3470 (0.363). 3520 (0.354), 3530 (0.347). 3440 (0.342), 3630 (0 .305) 

3510 (945) 3550 (0.606). 3590 (0.585), 3560 (0.564). 3540 (0.521), 3430 (0.505), 
3530 (0.495), 3450 (0.458). 3360 (0.422), 3710 (0.414). 3720 (0.411). 
3340 (0.379), 3330 (0.379), 3420 (0.368), 3490 (0.366). 3610 (0.358). 
31701 (0.356), 3520 (0.353), 3440 (0.348), 3790 (0.346). 3630 (0.331). 
37301 (0.3 14), 33901 (0.311), 37501 (0.304). 3580 (0.302) 

3520 (14.010) 3530 (0.669), 3720 (0.660). 3460 (0.647). 3450 (0.637), 3590 (0.617), 
3440 (0.578). 3560 (0.574 ), 35 l 0 (0.569), 3490 (0.563 ), 3 710 (0.560), 
3430 (0.546), 3420 (0.537). 3540 (0.526), 3790 (0.522). 37501 (0.521), 
2530 (0.519) 

3530 (9,730) 3510 (0.668), 3720 (0.599). 3590 (0.598). 3420 (0.558), 3560 (0.555), 
37301 (0.546), 3520 (0.532). 3790 (0.528). 3540 (0.507), 3440 (0.487). 
3430 (0.460), 3550 (0.459). 3450 (0.447), 3490 (0.438), 3630 (0.425). 
3580 (0.412). 3710 (0.402) 

3540 (2.990) 3590 (0.473), 3720 (0.418), 3450 (0.383), 3550 (0.375). 3460 (0.373), 
3510 (0.369). 3560 (0.365). 3420 (0.348). 3360 (0.317), 3620 (0 .304) 

3550 (2,445) 35 10 (0.704), 3560 (0.685). 3590 (0.660). 3540 (0.600). 3620 (0.527), 
3360 (0.518), 3450 (0.472), 3720 (0.421). 3430 (0.394). 3530 (0.392). 
3820 (0.387), 31701 (0.366). 3580 (0.323), 38601 (0.322) 

3560 (2 ,265) 3450 (0.833). 3550 (0.73!), 3590 (0.717). 3510 (0.680), 3720 (0.641), 
3360 (0.631), 3540 (0.6 12), 3490 (0.533), 3530 (0.513). 3320 (0.462), 
37 10 (0.455), 3520 (0.440). 3420 (0.426), 39 10 (0.40 1), 3430 (0.367), 
3620 (0.351) 

3570 (690) 3820 (0.660), 38601 (0.4 10), 2040 (0.360). 3660 (0.321), 3620 (0.319) 

3580 (3.845) 31701 (0.620), 26201 (0.538), 3690 (0.476), 3610 (0.465), 3480 (0.457), 
38601 (0.445), 37501 (0.444). 3430 (0.428), 2530 (0.420), 2450 (0.420), 
2430 (0.418), 3840 (0.396). 3710 (0.377), 39301 (0.373), 3530 (0.343), 
3810 (0.340). 3760 (0.340), 3790 (0.317), 3550 (0.315), 2490 (0.313), 
3590 (0.303) 
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95 
Table Al . (continued) 
3-digit (Iowa) Related 3-digit S ICs (basc<l on kc: -occupation dasticitics ) 
SIC (Empl.) (Wdght for own indu try is 1.000. for other 3-digit SIC in pan::nthc: c: .) 
3590 (3.735) 3720 (0.775). 3540 (0.763). 3510 (0.709), 3560 (0.697). 3550 (0 .682). 

3450 (0.633). 3490 (0.540). 3530 (0.534 ). 3430 (0.533), 3360 (0.50 1 ). 
3520 (0.444). 3420 (0.427). 3620 (0.389). 3460 (0.379). 3710 (0.365). 
3440 (0.365). 2530 (0.340). 3580 (0.339) 

36 10 (1. 150) 38 10 (0.504). 3760 (0.504). 3580 (0.482). 35 10 (0.352). 3 1701 (0.337). 
3640 (0.336). 3430 (0.327). 3710 (0.321). 3690 (0.3 12), 3080 (0.3 10). 
3630 (0.307). 3670 (0.302) 

3620 (3.800) 3870 (0.644), 3810 (0.386). 3760 (0.386), 3660 (0.376). 3570 (0.348). 
3640 (0.335). 3820 (0.318), 38601 (0.3 11) 

3630 (7.715) 35 10 (0.427). 3530 (0.411). 37501 (0.4 10). 3460 (0.396). 3050 (0.392), 
3690 (0.379). 3470 (0.369), 37301 (0.360), 3960 (0.343), 3580 (0.327). 
3810 (0.3 19), 3760 (0.3 19). 3610 (0.319), 3560 (0.3 18), 3410 (0.317), 
3080 (0.3 17), 2430 (0.3 16). 3490 (0.3 15) 

3640 (400) 3080 (0.541). 3610 (0.416), 3570 (0.362). 3810 (0.358). 3760 (0.358). 
3960 (0.342). 3610 (0.322) 

3650 (330) 32 101 (0.554), 34 10 (0.509), 2430 (0.500), 3250 (0.458), 29901 (0.417). 
2420 (0.361 ), 3630 (0.319) 

3660 (1.185) 3670 (0.604). 3690 (0.461). 3820 (0.334), 3620 (0.325) 

3670 ( 1,3 65) 3660 (0.41 7) 

3690 (3.110) 3660 (0.893). 31701 (0 .776), 3670 (0.640), 3580 (0.623). 37501 (0.592), 
38601 (0.534), 3840 (0.51 1). 2450 (0.5 11 ), 3480 (0.484), 2530 (0.474). 
3430 (0.471), 3630 (0.468). 2430 (0.446), 39301 (0.439), 3710 (0 .422), 
2490 (0.403 ), 36 10 (0.402). 3080 (0.400). 3990 (0.389), 35 10 (0 .387). 
3820 (0.382). 3940 (0.353), 2520 (0.348). 3790 (0.342). 3550 (0.325). 
3640 (0.3 14 ). 3360 (0.314) 

37 10 (9.765) 31701 (0.716), 3510 (0.653). 3580 (0.625). 3430 (0.625). 3450 (0.604). 
3490 (0.593). 2530 (0.583). 3560 (0.579). 3520 (0.543). 37501 (0.542). 
3690 (0.530), 3420 (0.524), 3790 (0.517), 38601 (0.501). 3590 (0.499), 
3610 (0.490). 3530 (0.489), 3550 (0.482), 2450 (0.480). 3480 (0.479). 
3840 (0.462). 3290 (0.451 ), 3440 (0.445) 

3720 (760) 3590 (0.499), 3450 (0.419). 3540 (0.3 86), 3560 (0.384), 3530 (0.377), 
37301 (0.367), 3870 (0.350). 3520 (0 .301) 

37301 (70) 3870 (0.499). 3720 (0.479). 3530 (0.331) 

3740 (220) 
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96 
Table A l. (continued) 
3-digit (Iowa) Related 3-digit SICs (ba t:d on kt:)'-occupation dasticities) 
Sl C (Empt.) (Weight for own industry is 1.000. for other 3-digit SICs in pan:nthcsc .) 
37501 (20) 2490 (0.441 ), 31701 (0.438), 2530 (0.436). 2520 (0.368). 32801 (0 .367). 

37602 13810] 

3460 (0.358), 3490 (0.354). 2450 (0.330). 3790 (0.325). 2540 (0.322 ). 
3440 (0.305) 

3620 (0.462), 36 1 () (0 .373), 3640 (0.322), 3720 (0.318), 3570 (0 .310) 

3790 ( 1.025) 3420 (0.544). 37501 (0.535). 3530 (0.5 18), 3440 (0.51 7). 3470 (0.470). 
3510 (0.439), 2530 (0.438). 31701 (0.427), 2520 (0.414), 3580 (0.398). 
3430 (0.392), 3520 (0.388). 3710 (0.381), 3050 (0.348). 2490 (0 .34 7). 
37301 (0.340), 38601 (0.336). 2450 (0.333). 2430 (0.309), 3460 (0.307), 
3630 (0.304). 3740 (0.302) 

3810 (8,735) 3620 (0.462). 3610 (0.373), 3640 (0.312). 3720 (0.318). 3570 (0.310) 

3820 (1.120) 3570 (0.686), 3660 (0 .334). 3620 (0.312) 

3840 (335) 2450 (0.327), 31 701 (0 .309) 

38501 (70) 

38601 (80) 3 1701 (0.695), 3570 (0.616), 3870 (0.479), 3840 (0.436). 3580 (0.428). 
3820 (0.411 ), 2450 (0.407). 3690 (0.393), 3620 (0.392). 37501 (0.374), 
39301 (0.352). 3430 (0 .342), 2530 (0.342). 2490 (0.340). 2430 (0 .338), 
3480 (0.332). 3550 (0.308), 3610 (0 .300) 

3870 (260) 3620 (0.526). 38601 (0.362) 

3910 (195) 3450 (0.331). 3720 (0.31 7) 

39301 (40) 2450 (0.703), 2540 (0.644). 2430 (0.449), 31701 (0.319). 2440 (0.31 7), 
2520 (0.309), 2490 (0.30 1) 

3940 (3,235) 22701 (0.902). 12901 (0.824). 3160 (0 .796). 2450 (0.783), 3840 (0.740). 
2390 (0.700). 2510 (0.659). 31701 (0.656). 3 1901 (0.584), 3690 (0.556) 

3950 (700) 22601 (0.51 l ). 3350 (0.502), 23801 (0.462). 23701 (0.462), 26201 (0.389), 
2390 (0.338). 2650 (0 .326 ). 31 701 (0.324 ). 3050 (0.324 ), 2320 (0.324 ), 
2310 (0.324), 3160 (0.315), 3610 (0 .31 2), 2090 (0.308), 3110 (0.305) 

3960 (250) 31901 (0.398), 3080 (0.385), 3640 (0.340), 3250 (0.31 7) 

3990 ( 1.410) 3660 (0.559). 3670 (0.542). 32601 (0.431 ), 3690 (0.396) 
1 Fewer than 150 employees statewide. Whc;n odd n:sults arc obtaim:d, it is often the casl: that at 

kast one of the SJ Cs is quite small or had j ust one or two plants in the state. 
2 For very mall 3-digil SIC not included in the 1994 industry-Occupation Matrix, value for the: 

3-digit Industry Group in brackets wcrt ubstituttd. 
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Figure A 1. Iowa : metropolitan core counties, large nonmetro counties, and rural counties. 
Metro core counties have heavy shaded boundaries, large nonmetro counties (20,000+ urban residents) have double boundaries. 
Source: 1990 Census of Population and Housing. 
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Figure A3 . Workforce size in labor market area. 

Workforce size in 
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Note: Workforce size in labor market area equals own county workforce plus a fraction of urrounding countie based on di lance. 
ource: 1990 Census of Population and l lou ing. 
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Figure A4. Average wage and sa lary earnings per manufacturingjob by place of work, 1994. 
ource: Iowa Department of Employment ervice . 
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Figure AS . Average wage and sa lary earnings per nonmanufacturing job by place of work, 1994. 
Source: Iowa Department of Employment Services. 
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Figure A6. Manufacturing employment, 1994. 
ource: Iowa Department of Employment Services. 
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Figure A 7. Manufacturing as a percent of wage and salary employment, 1994. 
Source: Iowa Department of Employment Services. 
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Figure A8. Meatpacking, sausages & other prepared meats, poultry slaughtering & egg processing (SIC 20 I I, 20 13, 2017), 1994. 
Sources: 1994 & 1995 lowa Manufacturers Directory, 1992 Census of Manufacturing, Iowa DES, 1994 County Business Patterns. 
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Figure A9. Own county employment in meatpacking, 1994. 
ource: Department of Employment ervices. 
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Labor mkt industr) size 
in meat products 
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Figure A I 0. Labo r market area industry size in meatpacking, egg and poultry processing, 1994. 
Industry size is calculated based on plants in those 3-digit S IC codes that use unusually large proportions o f the same occupatio ns. 

ource: Department of Employment Services ( Io wa counties) and County Business Patterns 1994 (counties in neighboring talc ). 
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Figure A 11. Labor market area industry density in meatpacking, egg and poultry processing, 1994. 
Industry density is a function of the relative size and distance of plants in 3-digit SIC codes that use the same specialized occupations. 
Source: Department of Employment Services (Iowa counties) and County Business Patterns 1994 (counties in neighboring states). 
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Figure A 12. Other food processing, excluding meat and poultry products (S IC 20 excl. 20 I 0), 1994. 
ources: 1994 & 1995 Iowa Manufacturer Directory, 1992 Census of Manufacturing, Iowa D , 1994 County Busine s Pattern . 
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Figure A 13. Own county employment in other food processing (other than meatpacking), 1994. 
Source: Department of Employment Services. 
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Figure A 14. Labor market area industry size in other food proce sing (other than meatpacking), 1994. 
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Industry size is calculated based on plants in those 3-digit SIC codes that use unusually large proportio ns of the same occupations. 
ource: Department of Employment Services (Iowa counties) and County Business Patterns 1994 (counties in neighboring slates). 
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Figure Al 5. Labor market area industry density in food processing (other than meat products), 1994. 
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Industry den ity is a function of the relative size and distance of plants in 3-digit IC codes that use the ame specialized occupations. 
ource: Department of Employment ervice (Iowa counties) and County Business Pattern 1994 (counties in neighboring tates). 
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Figure A 16. Textiles, apparel, and leather products (SIC 22, 23, 31 ), 1994. 
Sources: 1994 & 1995 Iowa Manufacturers Directory, 1992 Census of Manufacturing, Iowa DES, 1994 County Business Patterns. 
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Figure Al 7. Own county employment in textiles, apparel, and leather products, 1994. 
Source: Department of Employment Services. 
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~ 100 to 499 (48) 
I I no plants in cty (40) 

Figure A 18. Labor market area industry size in textiles, apparel, and leather products, 1994. 
Industry size i.s calculated based on plants in those 3-digit SIC codes that use unusually large proportions of the same occupations. 
Source: Department of Employment Services (Iowa counties) and County Business Patterns 1994 (counties in neighboring states). 
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Figure A 19. Labor market area industry density in textiles, apparel, and leather products, 1994. 
Industry density is a function of the relative size and distance of plants in 3-digit SIC codes that use the same specialized occupations. 
Source: Department of Employment Services (Iowa counties) and County Business Patterns 1994 (counties in neighboring slates). 
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Figure A20. Wood products and furniture (SIC 24, 25), 1994. 
ources: 1994 & 1995 Iowa Manufacturers Directory, 1992 Census of Manufacturing, Iowa DE , 1994 ounty Bu iness Patterns. 
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Figure A2 I. Own county employment in wood products and furniture, l 994. 
Source: Department of Employment Services. 
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Figure A22. Labor market area industry size in wood products and furniture, 1994. 
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Industry size is calculated based on plant in those 3-digi t IC codes that use unusually large proportions of the same occupations. 
Source: Department of Employment Services (Iowa counties) and County Business Patterns 1994 (countie in neighboring tates) . 
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Figure A23. Labor market area industry density in wood products and furniture, 1994. 
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Industry density is a function of the relative size and distance of plants in 3-digit SIC codes that use the same specia lized occupations. 
Source: Department ofEmployment Services (Iowa counties) and County Business Patterns 1994 (counties in neighboring slates). 
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Figure A24. Printing and publishing (SIC 27), 1994. 
Sources: 1994 & 1995 Iowa Manufacturers Directory, 1992 Census of Manufacturing, Iowa DES, 1994 County Business Patterns. 
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Figure A25. Own county employment in printing and publishing, 1994. 
ource: Department of Employment ervices. 
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Figure A26. Labor market area industry size in printing and publishing, 1994. 
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~ 100 to 499 (6 1) 
/1 I Lo 99 ( 3) 

Industry size is calculated based on plants in those 3-digit SIC codes that use unusually large proportions of the same occupations. 
Source: Department of Employment Services (Iowa counties) and County Business Patterns 1994 (counties in neighboring states). 
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Figure A27. Labor market area industry density in printing and publishing, 1994. 
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Industry density is a function of the relative size and distance of plants in 3-digit SIC codes that use the same specialized occupations. 
Source: Department of Employment Services (Iowa counties) and County Business Patterns 1994 (counties in neighboring states). 
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Figure A28. Chemicals and petroleum products (SIC 28 and 29), 1994. 
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Sources: 1994 & 1995 Iowa Manufacturers Directory, 1992 Census of Manufacturing, Iowa DES, 1994 County Business Patterns. 
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Figure A29. Own county employment in chemicals and petroleum products, I 994. 
Source: Department of Employment Services. 
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Figure AJ O. Labor market area industry size in chemicals and petroleum products, 1994. 
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Industry size is calculated based on plants in those 3-digit TC codes that use unusually large proportions oflhe same occupations. 
Source: Department of Employment Services (Iowa counties) and County Business Patterns J 994 (counties in neighboring state ). 
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Figure A3 l . Labor market area industry density in chemicals and petroleum products, 1994. 
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Industry density is a function of the relative size and distance of plants in 3-digit SIC codes that use the same specialized occupations. 
Source: Department of Employment Services (lowa counties) and County Business Patterns 1994 (counties in neighboring states). 
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Figure AJ2. Plastics products (S IC 3081-3089), 1994. 
Sources: 1994 & 1995 Iowa Manufacturers Directory, 1992 Census of Manufacturing, Iowa D S, 1994 County Business Patterns. 
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Figure A'3. Own county employment in pla ti cs products, 1994. 
ource: Department of Employment ervice . 
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Figure A34. Labor market area industry size in plastics products, 1994. 
Industry size is calculated based on plants in those 3-digit SIC codes that use unusually large pro portions of the same occupations. 
Source: Department of Employment Services (Iowa counties) and County Business Patterns 1994 (counties in neighboring states). 
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Figure AJ5. Labor market area industry density in plastic products, 1994. 
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Industry density is calculated based on plants in those 3-digit SJC codes that use unusually la rge proportions of the same occupations. 
Source: Department of Employment Services (Iowa counties) and County Business Patterns 1994 (counties in neighboring stales). 
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Figure A36. Primary & fabricated metals, industrial equipment, transportation equipment (SIC 33, 34, 35 excl. 3570, 3630, 37), 1994. 
Sources: 1994 & 1995 Iowa Manufacturers Directory, 1992 Census of Manufacturing, Iowa DES, 1994 County Business Patterns. 
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Figure A37. Own county employment in metals and equipment, 1994. 
Source: Department of Employment Services. 
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Figure A38. Labor market area industry size in metals and equipment, 1994. 
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~ 100 10 499 ( 14) 
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Industry size is calculated based on plants in those 3-digit SIC codes that use unusually large proportio ns of the same occupatio ns . 
Source: Department o f Employment Services (Iowa counties) and County Business Patterns 1994 (counties in neighboring states). 



www.manaraa.com

~ mkt ind. density 
j i~metal s & equi p. 

m 16 to 30.3 (25) 
~ 8 to 16 (4 1) 
~ 4 10 8 (25) 
f) I to 4 (7 ) 
' 0 to 0 ( I ) 

Figure AJ9. Labor market area industry densi ty in metals and equipment, 1994. 
Industry density is calculated based on plant in those 3-digit SIC codes that use unusually large proportions of the same occupations. 
Source: Department of Employment Services (Iowa counties) and County Business Patterns 1994 (counties in neighboring states). 
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Figure A40. Electronics, instruments, electrical equipment (SIC 3570, 38, 36 excluding 3630 Household appliances), 1994. 
Sources: 1994 & 1995 Iowa Manufacturers Directory, 1992 Census of Manufacturing, Iowa DES, 1994 County Business Patt erns. 
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Figure A41 . Own county employment in electronics, electrical equipment and instruments, 1994. 
Source: Department of Employment Services. 
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Figure A42. Labor market area industry size in electro nic and electrical equipment and instruments, 1994. 
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Industry size is calculated based on plants in those 3-digit SIC codes that use unusually large proportions of the same occupation . 
Source: Department of Employment ervices (Iowa counties) and County Business Pattern 1994 (counties in neighboring tale ). 
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Figure A43 . Labor market area industry density in electronics, electrical equipment, and instruments. 1994. 
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Industry density is a function of the relative size and distance of plants in 3-digit SI codes that u e the same specialized occupation . 
ource: Department of Employment , ervices (Iowa counties) and County Business Patterns 1994 (counties in neighboring state ). 
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Figure A44. Paper, rubber, glass, and miscellaneous manufacturing (SIC 26, 30 excl. 3080, 32 10-3240, 3260, 3290, 39), 1994. 
Sources: 1994 & 1995 Iowa Manufacturers Directory, 1992 Census of Manufacturing, Iowa DES, 1994 County Business Patterns. 

.f>.. ,.,_, 



www.manaraa.com

Figure A45. Own county employment in paper, rubber, glass and miscellaneous manufacturing, 1994. 
Source: Department of Employment Services. 
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Figure A46. Labor market area industry size in paper, rubber, glass, and miscellaneous manufacturing, 1994. 
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Industry size is calculated based on plants in those 3-digit SIC codes that use unusually large proportions of the same occupations. 
Source: Department of Employment Services (lowa counties) and County Business Patterns 1994 (counties in neighboring sta tes). 
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Figure A47. Labor market area industry density in paper, rubber, glass, and miscellaneous manufacturing, 1994. 
Industry density is a function of the relative size and distance of plants in 3-digit SIC codes that use the same specialized occupations. 
Source: Department of Employment Services (Iowa counties) and County Business Patterns 1994 (counti es in neighboring states). 
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Figure A48. Prepared feeds (SIC 2048), 1994 
Sources: 1994 & 1995 Iowa Manufacturers Directory, 1992 Census of Manufacturing, Iowa DES, 1994 County Business Patt erns. 
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Figure A49. "Footloose" food processing (SIC 20 excluding meat, dairy, rendering, feeds, com & soybean mi lling, & bottling), 1994 
Sources: 1994 & 1995 Jowa Manufacturers Directory, 1992 Census of Manufacturing, Iowa DES, 1994 County Business Patterns. 
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Figure ASO. Printing & publishing other than newspapers (SIC 27 excluding 27 11 ), 1994 
Sources: 1994 & 1995 Iowa Manufacturers Directory, 1992 Census of Manufacturing, Iowa DES, 1994 Count y Business Patterns. 
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Figure AS I. Newspapers (SJC 27 11 ), 1994 
Sources: 1994 & 1995 Iowa Manufacturers Directory, 1992 Census of Manufacturing, Iowa DES, 1994 ounty Business Patt erns. 
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Figure A52. Pharmaceuticals, medicinals, diagnostic & other bio logical products (SIC 2830), 1994 
Sources: 1994 & 1995 Iowa Manufacturers Directory, 1992 Census o f Manufacturing, Iowa 0 S, 1994 County Business Patt erns. 
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Figure A53. Nitrogenous & phosphatic ferti lizers, ferti li zer mixing, pesticides, & other agricultural chemicals (SIC 2870), 1994 
Sources: 1994 & 1995 Iowa Manufacturers Directory, 1992 Census of Manufacturing, Iowa D · , 1994 County Business Pattern 
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Figure A54. Chemicals other than drugs and agricultural chemicals (SIC 28 excl. 2830, 2870), 1994 
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Sources: 1994 & 1995 lowa Manufacturers Directory, 1992 Census of Manufacturing, Iowa DES, 1994 County Bu iness Patterns. 
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Figure A55. Hydraulic cylinders, valves, and other fluid power equipment (SIC 3593, 3594), 1994 
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Sources: 1994 & 1995 Iowa Manufacturers Directo ry, 1992 Census of Manufacturing, Iowa DES, 1994 County Business Patterns. 
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Figure A56. Metal stampings & forgings (SJC 3460), 1994 
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ources: 1994 & 1995 Iowa Manufacturers Directory, 1992 Census of Manufacturing, Iowa DES, 1994 County Business Patterns. 
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Figure A57. "High tech" electronics, controlling instruments and computers (SIC 3570, 3620, 3660, 3670, 3810, 3820, 3860), 1994 
Sources: 1994 & 1995 Iowa Manufacturers Directo ry, 1992 Census of Manufacturing, Iowa DE , 1994 ounty Bu iness Pattern . 
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Figure A58. Elect. distrib., lighting & wiring, audio & video media, batteries, & engine elect. eq . (SIC 36 10, 3640, 3650, 3690), 1994 
ources: 1994 & 1995 Iowa Manufacturers Directory, 1992 Cen us of Manufacturing, Iowa DE . 1994 County Bu sine. s Pattern .. 
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Figure A59. Medical prosthetics, instruments & supplies, ophthalmic goods, watches & clocks (SIC 3840, 3850, 3870), 1994 
Sources: 1994 & 1995 Iowa Manufacturers Directory, 1992 Census of Manufacturing, Iowa DES, 1994 County Business Patterns. 
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