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Introduction
Less than 60 years ago, the states adjoining the Great Lakes led the nation in making 

things. Their smoke-belching factories exported goods around the globe and their cities 

were employment beacons, attracting not only a domestic workforce, but an international 

one as well. Cities in the northern states of Michigan, Indiana, Ohio, and Pennsylvania 

grew to become some of the largest and most influential in the nation. Then things 

changed. From the late 1960s to the present, these once-dominant cities lost hundreds 

of thousands of manufacturing jobs, many in metal-related industries. Today, many 

neighborhoods in urban and inner-ring suburban areas lie riddled with long-abandoned, 

crumbling factories and rusting hulks of machinery. 

Where did the jobs go? For the most part, jobs were lost to increased productivity through 

more efficient means of production. Some were lost to cheaper labor economies in other 

countries. Others migrated south to the Sun Belt, the coast-to-coast region comprising  

all or parts of California, Nevada, Arizona, New Mexico, Texas, Arkansas, Louisiana,  

Mississippi, Tennessee, Alabama, Georgia, Florida, and the Carolinas. These Sun Belt states 

succeeded in attracting manufacturing from the north by capitalizing on several key  

factors1: a warmer and more moderate climate; an absence of unions, which kept wages 

low; minimal land-use controls; a large supply of cheap and moderately skilled labor from 

Appalachia; and growth in the trucking industry that offered more flexibility in factory 

locations.2  

Older industrial cities in the North have been on a mission ever since to reinvent 

themselves. How have these northern urban centers fared in their quest to not only 

recover from the loss of manufacturing share, but also reduce pollution and become 

more attractive places to live? How do they compare to their southern counterparts? 

Although manufacturing is still a major part of many northern cities’ economies, many 

are capitalizing on decreased levels of pollution to portray more green, attractive, and 

environmentally friendly images of their regions, in contrast to the smokestack-dotted 

landscapes of the past. 

In this report, we analyze and compare trends in manufacturing and estimated 

pollution produced by this industry for northern urban counties in Michigan, Indiana, 

Ohio, and Pennsylvania and for southern urban counties in Kentucky, Tennessee, Alabama, 

and Mississippi during the 11 years from 1998 through 2008. We refer to these as the 

North and South regions, respectively. We also illustrate creative initiatives employing 

a green focus in two Fourth District communities as they continue to evolve from their 

manufacturing pasts.
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Preview of Findings
Over the 11-year study period, manufacturing output 
on average changed very little in either region. At 
the same time, both manufacturing employment 
and pollution in both regions decreased year to year. 
There are clear differences, however, in the industry 
trends between northern and southern counties. 
Manufacturing employment is declining at a faster  
rate in the North than in the South. In the motor 
vehicles sector, for example, employment in the North 
decreased by about 40 percent while it remained almost 
constant in the South, with neither region showing 
much change in output. 

On the other hand, income and manufacturing pollution 
in both regions follow similar trends. Per capita income 
increased in the North and South at similar rates (and 
comparable to the nation’s), and manufacturing air 
pollution estimates declined at similar rates in both 
regions. This pattern does not imply that pollution 
inevitably decreases with income growth, as suggested 
by the Environmental Kuznets Curve hypothesis (see 
box 1). Rather, the decline in manufacturing pollution 
experienced in both regions during the past decade 
may be due to changes that have taken place over time, 

Source: U.S. Census Bureau/ESRI
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such as a decrease in heavily polluting manufacturing activities like the production of 
metal.3 Other changes include less-polluting technologies and more environmentally 
favorable regulations.4 Since 2003, the decrease in manufacturing pollution for every 
dollar increase in income—in per capita terms—has slowed for both regions. Within 
the North region, urban counties in Pennsylvania and Ohio start at similar income and 
pollution levels in 1998, but as of 2008, Pennsylvania’s income level and income-to-
pollution ratio both stand clearly higher than Ohio’s.

Figure 1

According to noted energy and environmental economist David Stern, the Environmental Kuznets Curve (EKC) is a 
hypothesized relationship between various indicators of environmental degradation and per capita income. “In the  
early stages of economic growth, degradation and pollution increase,” explains Stern, “but beyond some level of  
income per capita (which will vary for different indicators) the trend reverses, so that at high income levels economic  
growth leads to environmental improvement.” Based on this theory, the environmental impact indicator is an inverted 
U-shaped function of per capita income.5  
 
The EKC theory achieved prominence during the debate leading up to ratification in 1993 of the North American Free  
Trade Agreement (NAFTA) in response to the concern that, along with increasing economic growth in Mexico, NAFTA  
would spur environmental degradation. Based on EKC research by Grossman and Krueger, proponents of the legislation 
argued that as per capita income grew, pollution would at first increase, then level off and even decline as citizens  
demanded more environmentally friendly products and production methods.6  However, Stern argues that much of  
the empirical support for the relationship is plagued by problems in the econometric analysis of the data.

What is the Environmental Kuznets Curve?
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Figure 2

State and Urban County Trends
Urban counties with above-average manufacturing employment rates in our study group 
states (Alabama, Indiana, Kentucky, Michigan, Mississippi, Ohio, Pennsylvania, and 
Tennessee) form a collection of older and newer manufacturing centers. Unfortunately, 
many rural counties lack manufacturing employment and pollution data; therefore, we 
report data on such variables only for urban counties in these states.7, 8 Our analysis covers 
the 11-year period from 1998 through 2008 (see figure 1). We use data on manufacturing 
Gross Domestic Product (GDP) by state,  chained to 2005 dollars, as a measure of 
manufacturing output (see top panels of figure 2).9 

* Chained to 2005$
Source (all charts): Bureau of Economic Analysis/Haver Analytics
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While manufacturing output in the North region states is still about three times higher 
on average than in the South,10 between 1998 and 2008 total GDP for the North states 
declined by 1 percent (from $275 billion to $271 billion). At the same time the South 
region saw its manufacturing GDP by state grow by more than 15 percent (from  
$93 billion to $107 billion). Indiana and Kentucky stand as two regional outliers. During 
this period, all northern states saw slight decreases in manufacturing GDP by state except 
Indiana, where manufacturing GDP grew by more than 20 percent (from $55 billion to 
$67 billion).11 Conversely, all southern states had an increase in manufacturing GDP except 
Kentucky, which lost almost 10 percent (from $29 billion to $26 billion).12  

The South also leads the North in GDP growth for non-manufacturing industries (total 
GDP by state minus manufacturing GDP by state), though both regions showed double-
digit growth in the study period. The North grew 12 percent (from $1.13 trillion to $1.26 trillion) 
and the South 21 percent ($424 billion to $511 billion).13 In the North, Pennsylvania’s 
non-manufacturing output measure grew faster than that of other northern states.

Employment in manufacturing shrank in both regions by more than 25 percent as 
productivity continued to increase. Figure 3 shows manufacturing employment dropped 
at a higher rate in the North than in the South beginning in 2000. 

Sharpening our focus to specific industries, figure 4 shows that machinery and fabricated 
metals use a greater share of labor in the North versus the South, while food and wood 

Figure 3

Source: Bureau of Labor & Statistics/Haver Analytics
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Figure 4

Source: Bureau of Economic Analysis/Haver Analytics
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production account for a greater share of labor in the South than in the North. Figure 4 
also illustrates that the largest employment drop in northern states is in motor vehicle 
and transportation equipment, unlike the southern states that grew slightly in that sector. 
However, figure 2 shows that output in both regions has remained virtually unchanged. 
Figure 2 also illustrates output in the computer and electronics sector, which has seen  
rapid growth nationwide. Tennessee in the South shows the greatest gains in this sector.  
In the North, output in computer and electronics is still quite small in comparison to that  
of motor vehicle and transportation equipment. Total employment rates across all industries 
(manufacturing and non) for the two regions are on diverging paths, with the South showing 
a net gain over the 11-year period and the North showing a net loss (see figure 3). Both 
North and South regions have experienced similar population growth rates over most of 
the study period. In a more detailed look at the population change, estimates from the U.S. 
Census Bureau for 2000-2008—slightly different years than those of the study period—
show the major difference between the regions lies in the pattern of domestic migration. 
Almost 800,000 moved away from the North while the South gained nearly 200,000 in  
the 9-year period (see figure 3). 



A
 L

o
o

k
 B

e
h

in
d

 t
h

e
 n

u
m

b
e

r
s|

	
7|

  
w

w
w

.c
le

v
e

la
n

d
fe

d
.o

r
g

/
c

o
m

m
u

n
ity

d
e

v
e

lo
p

m
e

n
t 

 

Along with a decline in manufacturing employment, both the North and South regions  
have experienced a consistent decline in manufacturing pollution, according to our estimates 
(see box 2 for an explanation of how these estimates were derived). The vast majority of 
manufacturing pollution, 73 percent, is released into the air (see figure 5).14 The states of 
the North region exhibit both higher income and higher manufacturing pollution levels per 
capita than the states of the South region throughout the study period (see figure 6).

Figure 5

Figure 6

Source: Bureau of Economic Analysis/Haver Analytics
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Manufacturing Pollution and Income 
While manufacturing activity has increased in the South and remained steady in the North, 
pollution due to manufacturing has been declining, along with manufacturing labor in 
both regions. At the same time, both regions have seen per capita income increase at rates 
similar to those of the nation. Figures 7 and 8 illustrate the movement of income and 

Data Used
The pollution estimates we use in this report are products of two datasets: the Toxic Release Inventory (TRI), compiled by the 
Environmental Protection Agency (EPA), and County Business Patterns (CBP) from the U.S. Census Bureau. The TRI provides 
data on reported manufacturing pollution by facility, while the CBP provides data on the number of manufacturing facilities 
by county.15 

Several requirements determine which facilities are required by the EPA to submit a TRI report. They must fall under the  
applicable NAICS code and be large enough to employ 10 or more full-time equivalent employees.16  They must also  
manufacture or process more than 25,000 pounds or use more than 10,000 pounds of any of the EPA-listed chemicals during 
the calendar year.17 The number of listed chemicals has expanded, too, from roughly 300 at TRI’s inception in 1987 to more 
than 650. For the purpose of this report, the 1995 chemical list will be used to maintain consistency.18  The list contains  
pesticides, carcinogens, reproductive toxicants, and developmental toxicants that are characterized as high or moderately  
high in toxicity.19 

The CBP dataset is compiled from several sources including the IRS, the Social Security Administration, the Bureau of Labor 
Statistics, and the Census Bureau.20 

The process
While other studies have used pollution data from monitoring stations, we use TRI data because it allows us to match  
pollution with the manufacturing subsector that produces it.21 First, TRI data in the lower 48 states are aggregated by the 

How did we calculate the pollution estimates?

Figure 7

Source: Bureau of Economic Analysis, Haver Analytics,  Environmental Protection Agency, and authors' calculations
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NAICS code sub-sectors (first four digits of the NAICS code) and divided by the total number of TRI reporting facilities in each 
sub-sector. This average pollution-per-sub-sector estimate is multiplied by the total number of manufacturing establishments 
for that sub-sector in each county according to the CBP data. The results are aggregated by county and represent the total 
estimated manufacturing pollution produced in tons. Using population estimates at the county level, we compute pollution 
estimates per capita.

A simpler depiction: the equation
 
  

Pjt  = estimated tons of manufacturing pollution per capita by county j and year t
NPjti = total pollution from TRI, over 48 states reported by facilities classified under NAICS code i
Fjti = total number of TRI reporting facilities in county j, at year t, classified under NAICS code i
CFjti = total number of facilities in county j, at year t, classified under NAICS code i from CBP
POPjt = total population in county j at year t
mjt = number of 4-digit NAICS codes manufacturing sub-sectors in county j, year t

Note, however, that the average manufacturing pollution estimates computed for TRI reporting facilities, excluding the smaller 
firms, is then applied to all CBP-reported facilities, even though these facilities likely pollute at different levels. This may lead 
to biased pollution estimates. 
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Figure 8

Note: Each circle represents a year 
Source: Source: Bureau of Economic Analysis, Haver Analytics, Environmental Protection Agency, and authors' calculations
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manufacturing pollution levels for both regions and for the individual states of the  
North region, respectively. These graphs, however, should not be held as evidence for  
the Environmental Kuznets Curve. A brief discussion of this hypothesis follows since  
it informs our interpretation of the data.

Note: Each circle represents a year 
Source: Source: Bureau of Economic Analysis, Haver Analytics, Environmental Protection Agency, and authors' calculations
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Manufacturing Pollution and Income (continued) 
In studying the relationship between economic growth and pollution in the context of 
the developing world, or income and pollution in the U.S., some researchers have argued 
that at low income levels, an increase in per capita income results in increased pollution, 
while at higher income levels, pollution peaks and starts to decline, moving in the opposite 
direction from income as consumers can afford and demand more environment-friendly 
options.22 More recently, other researchers have pointed to a lack of empirical evidence 
to support this hypothesis. Roger Perman and David Stern, for instance, provide an 
alternative explanation. They claim that the U-shaped relationship between pollution and 
income seen at higher income levels has to do with two opposing effects on pollution that 
take place simultaneously:23

A positive scale effecta)	 , where, with all other factors equal, higher income levels 
lead inevitably to higher pollution levels

A negative time effectb)	 , where, over time, technology and environmental awareness 
tend to reduce pollution for all levels of income.

These two effects can produce an inverted U-shaped relationship of pollution to income if 
the scale effect is stronger than the time effect for developing countries experiencing rapid 
growth, but weaker for developed countries growing at a slower rate (see figure 9).

In figures 7 and 8, each point represents yearly average levels (over all urban counties 
in a region or state, respectively) of per capita income against estimated pollution due to 
manufacturing. Thus, a scale effect on pollution cannot be derived from this data since time 
is not being held constant. In order to isolate the scale effect, one can either plot income 
and pollution for any given year or average them over the full time period. Figure 10 does 
so for two fixed points in time, 1998 and 2008, showing no support for the hypothesis that, 
all else fixed, higher income levels are related to lower pollution levels. 

Figure 9
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Figure 10

Source: Bureau of Economic Analysis, Haver Analytics, Environmental Protection Agency, and authors' calculations

Pollution vs. Income: States' Urban Counties
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Manufacturing Pollution and Income (continued) 

What can be learned from figures 7 and 8 is that the major gains in pollution reduction 
during the study period took place between 1998 and 2002. Since 2003, the rate of  
decline in manufacturing pollution for every dollar increase in income (in per capita terms) 
has slowed for both regions. Michigan urban counties have come closer to the Southern 
region in terms of their income and manufacturing pollution mix. Indiana’s pollution 
levels were consistently the highest in the region throughout the entire period. And while 
urban counties in Pennsylvania and Ohio started off at similar income and pollution 
levels in 1998, Pennsylvania’s income and its income-to-pollution ratio were significantly 
higher than Ohio’s by 2008. In other words, while both states have reduced their pollution 
to similar levels, Pennsylvania was able to achieve this reduction while increasing its 
per capita income at a faster rate. It is likely that these gains are related in part to 
Pennsylvania’s increased growth in the non-manufacturing industries after 2003 relative  
to all other Northern states. Pennsylvania also leads the North region states in the 
production of computers and electronics, although by a small margin. 

Like many Rust Belt cities, Pittsburgh and the surrounding region carry scars of its manufacturing past. In  

2009, some 19,000 vacant lots accounted for thousands of acres and 15 percent of the city’s useable land.24  

These vacant lots—both residential and industrial, and many carrying decades’ worth of industrial pollution  

that had leached into the ground—consume hundreds of thousands of public agency dollars each year simply  

to maintain them. 

Spotlight 1

The vexing question facing Pittsburgh’s leaders is this:  

How can the city create viable, economically feasible redevelopment 
opportunities in decimated communities while at the same time 
remediating decades of industrial pollution?

This challenge is what led Andrew Butcher and Chris Koch to develop GTECH, or Growth 

Through Energy and Community Health. What began as a graduate project in 2006 turned  

into a full-time endeavor by 2008. The goals of GTECH include reclaiming vacant properties, 

sharing innovation through consultation and research, and promoting a green economy, none 

of which are possible without a marketplace that demands some green expertise. 25 To further 	

		  this aim, they co-commissioned a green jobs study with the  

		G  reen Building Alliance and coordinated workforce development  

		  forums and weatherization programs across the city. At the  

		  ground level, their efforts include alleviating the negative effects  

		  of vacant lands through agreements with vacant property owners  

		  to use sunflowers to clean and beautify the lots. 26  Why  
		  sunflowers? Through phytoremediation, plants like  

		  sunflowers are used to absorb contaminants from the soil of old  

		  industrial sites. Afterwards the spent sunflowers, together with		

		  accumulated chemicals from the soil, can be used as biofuel. This  

		  strategy is a way of place-holding the lot for potential development	

		  while preventing it from being an eyesore to the community. 
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Manufacturing output and employment in the U.S. have been moving in opposite 

directions since the beginning of the 1980s, as productivity increases have led to 

more output with less labor. Northern states, once home to the core of the nation’s 

manufacturing industry, have lost some share of manufacturing activity. They have 

nonetheless been able to maintain manufacturing output relatively constant. 

Employment in manufacturing, on the other hand, has experienced a significant 

drop. Like employment, pollution due to manufacturing has been decreasing 

over time as manufacturing activity has shifted to less polluting sub-sectors and 

technologies, and states have issued or strengthened environmentally related 

regulations. These changes are largely captured under what researchers call the 

“time effect” on pollution, and apply more or less homogeneously across all states. 

All states in our analysis experienced decreases in pollution and increases in real 

income simultaneously. However, Pennsylvania, the state with the most gains in 

non-manufacturing output during the period, is able to achieve higher income 

levels at pollution levels comparable to those in Ohio, Michigan, and Indiana.  

Efforts to modernize and support  growth in their manufacturing sectors continue 

in all states. In Ohio, the Third Frontier program, launched in 2002, aims to create 

an “innovation ecosystem” and stimulate an environment that can house a more 

diverse and high-tech-oriented manufacturing sector.27 It is still too early to assess its 

long-term impact on the Ohio economy, but the program is off to a promising start. 

SRI International reported recently that the Third Frontier program has significantly 

increased the availability of early-stage capital, supported the development of 

research capacity and partnerships between universities and the industry, and 

contributed to employment growth in the technology sector.28  

Rightfully so, old industrial centers ought to value the environmental gains brought 

about by changes in their manufacturing sector. However, reduced pollution due 

to manufacturing is not a differentiating factor among these Northern states, and 

on its own may play only a small role in boosting the attractiveness of the region. 

More likely, innovation in manufacturing—with a stronger focus on its high-tech 

sectors—and investment in upgrading labor-force skills may provide employment 

and income gains that, coupled with a cleaner environment, will enhance the living 

conditions and economic appeal of the region.29 

Final thoughts
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Spotlight 2

Measuring green economy is a difficult endeavor, as it is neither found in a single employment category nor 

given a clear definition. However, the Brookings Institution addressed these issues and released a report on the 

growth of the green (or clean) economy across the United States through the last decade.30 According to their 

report, “The clean economy is economic activity—measured in terms of establishments and the jobs associated 

with them—that produces goods and services with an environmental benefit or adds value to such products 

using skills or technologies that are uniquely applied to those products.”

In the North region states the share of jobs that were part of the clean economy in 2010 was around 2.0%, 

closely following national trends.  Compared to 2003 figures, this represented an annual average increase in 

clean jobs of 2.5%, 2.6%, and 1.5% for Ohio, Pennsylvania, and Indiana respectively. Only Michigan’s annual 

average change in clean jobs was negative, at -0.3%, in the 2003 to 2010 period. In the South, the share of 

jobs in the clean economy was about 1.9% of all jobs in 2010, except for Tennessee, which led the region with 

a 2.8% share, exhibiting an annual average increase in clean jobs of 3.8% since 2003. 

One example of green job creation is the Evergreen Cooperative in Cleveland, Ohio, long viewed as a symbol of 

the Rust Belt. A promising new business plan is attempting to change that, however, by providing a solution to 

an intriguing question: 

How can an area containing some of the largest and wealthiest institutions 
in the city be surrounded by some of the poorest neighborhoods?

	 Enter the Evergreen Cooperative. Based in part on the Mondragon 		   

	C orporation of Spain, the Evergreen Cooperative began in 2009 with the opening of its first 		

	 core business, a commercial laundry located near University Circle—home to the Cleveland  

	C linic, University Hospitals, and several universities and cultural institutions. While unable to  

	 compete with larger firms in terms of scale, the laundry fills an underserved niche. Among  

	 its clients are nursing homes that used to handle laundry in-house. With energy-efficient  

	 equipment and a site close to the businesses it serves, Evergreen Laundry can provide services  

	 to these facilities at a lower cost while shrinking their clients’ environmental footprints. And  

	 the cooperative’s location keeps more of local businesses’ spending in the neighborhood.  

	S ince 2009 the cooperative has expanded to include other employee-owned core businesses,  

	 including a solar panel installation firm and a greenhouse.
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