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 Tower for drilling horizontally into the Marcellus Shale Formation for natural gas in Lycoming County, Pennsylvania. 
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Executive Summary 

I  
ncreased production of US natural gas in recent 
years has helped to meet the growing demands of 
American customers and has reduced natural gas 

imports. Natural gas is also a cleaner burning fuel when 
compared to its most realistic substitute, coal. This sub-
stantial increase in production has been attributed in 
large part due to the development of shale gas through 
a process called hydraulic fracturing. Hydraulic fractur-
ing has enabled the expansion of natural gas extraction 
into new undeveloped areas. The Marcellus shale in 
Pennsylvania has experienced impressive growth in its 
natural gas industry and neighboring Ohio is beginning 
down the same path. Proponents argue that among the 
many purported advantages, natural gas production is 
associated with significant amounts of new economic 
activity. 
 
Economists have 150 years of experience in examining 
energy booms and busts throughout the world to form 
their expectations of how energy development affects 
regional economies. Generally, economists find that en-
ergy development is associated with small or even 
negative long-run impacts. They refer to a ñnatural re-
sources curseò phenomenon associated with the sur-
prisingly poor performance of resource abundant econo-
mies. There appears to be more examples like Louisi-
ana, West Virginia, Venezuela, and Nigeria of energy 
economies seemingly underperforming and few exam-
ples of places such as Alberta and Norway of relative 
over performance.  This backdrop needs to be consid-
ered in forming good policy in Ohio in order to avoid be-
ing in the former group. 
 
In supporting energy development, the natural gas in-
dustry has funded its own studies of economic perform-
ance. For example, utilizing assumptions derived from 
Pennsylvania economic impact studies, Kleinhenz & 
Associates (2011) estimate that the natural gas industry 
could help ñcreate and supportò over 200,000 jobs to 
Ohio and $14 billion in spending in the next four years. 
These figures are about the same size as those for 
Pennsylvania (in industry funded studies). As we outline 
in this report, impact studies such as those employed by 
the industry are typically flawed due to the following rea-
sons: 
 
1. Possible double counting economic effects from 

drilling activities and royalties/lease payments to 
landowners. Most important, these studies have 
multipliers well above what independent economists 

would normally expect. 
2. Including unrealistic assumptions about the percent-

age of spending and hiring that will remain within the 
state. 

3. Ignoring the costs of natural gas extraction on other 
sectors through higher wages, and land costs that 
will make them less competitive (e.g., Dutch Dis-
ease), as well as environmental damage that limits 
tourism and other activities. It will also displace coal 
miningði.e. more natural gas jobs come at the ex-
pense of fewer jobs in coal mining. 

4. Often employing out-of-date empirical methodolo-
gies that academic economists have long aban-
doned for better methodologies in terms of evalua-
tion of economic effects. 

 
Many of the same reasons why alternative energy has 
not been (will not be) a major job creator also applies to 
natural gas (Weinstein et al., 2010): 
 
1. The energy industry and specifically the natural gas 
industryôs employment share is small and by itself is 
not a major driver of job growth for an entire state 
the size of Ohio or Pennsylvania. During the one 
year span October 2010-October 2011, U.S. Bureau 
of Labor Statistics data reports that Ohioôs unem-
ployment rate fell from 9.7 to 9.0% or 0.7% (without 
shale development), while Pennsylvaniaôs unem-
ployment rate only fell from 8.5% to 8.1% or 0.4% 
(with shale development).  Ohio also had faster job 
growth during the span (1.3% versus 1%), showing 
that shale development by itself is not shaping their 
growth. 

2. It is a capital-intensive industry versus labor-
intensiveðor a dollar of output is associated with 
significantly fewer workers. 

 
The costs of natural gas include the effects it has on 
other industries. Some of these effects include displace-
ment of other forms of economic activity, the effects of 
pollution that drive out residents who are worried about 
its effects and the higher wages and land/housing costs 
that make other sectors less competitive. For example, 
the tourism industry will likely be adversely affected by 
fears of pollution and higher wages and costs as other 
sectors have to compete for workers with the higher 
paying natural gas sector. In Pennsylvania, for instance, 
the tourism industry employed approximately 400,000 in 
2010 (though a much smaller number is immediately 
near the shale development) compared to only 26,000 in 

T h e  E c o n o m i c  V a l u e  o f  S h a l e  

N a t u r a l  G a s  i n  O h i o  S w a n k  P r o g r a m  i n  

T h e  O h i o  S t a t e  U n i v e r s i t y
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a broad definition of the natural gas industry (Barth, 
2010; BLS). Similar concerns should also apply to 
Ohio across various sectors of the economy. 
 
Our broad analysis shows the expected employ-
ment effects of natural gas are modest in compari-
son to Ohioôs 5.1 million nonfarm employee econ-
omy. We show this through (1) an assessment of 
impact analysis, (2) comparison of drilling counties 
with similarly matched non-drilling counties in Penn-
sylvania, (3) statistical regressions on the entire 
state of Pennsylvania, (4) employment comparisons 
with North Dakotaôs Bakkan shale region, and (5) 
an examination of the employment life cycle effects 
of natural gas and coal per kilowatt of electricity. 
Specifically, we estimate that Pennsylvania gained 
about 20,000 direct, indirect, and induced jobs in 
the natural gas industry between 2004-2010, which 
is a far cry fewer than the over 100,000 jobs re-
ported in industry-funded studies (and the 200,000 
expected in Ohio by 2015). Given the anticipated 
size of the boom, Ohio is expected to follow the 
Pennsylvaniaôs experience. We believe 20,000 jobs 
would be a more realistic starting point for what to 
expect in Ohio over the next four years and is in line 
with what other independent assessments have 
suggested. However, our 20,000 job estimate does 
not account for displacement losses in other indus-
tries such as tourism, and we also note that local 
economic effects could appear larger in heavily im-
pacted areas. Moreover, we find that mining coun-
ties had considerably faster per-capita income 
growth than their non-drilling peers, which likely 
results from royalties/lease payments and the high 
wages in the industry. Thus, we expect the near-
term boom to be associated with frothy increases in 
income but more temperate job effects. 
 
There are several reasons why the industry-funded 
studies produce employment results that are con-
siderably different from our estimates. Foremost, 
impact studies are not viewed as best practice by 
academic economists and would be rarely used in 
peer reviewed studies by urban and regional econo-
mists. Instead, best practice usually tries to identify 
a counterfactual of what would have happened 
without the natural gas industries and compare to 
what did happen (we adopt two of these ap-
proaches). One advantage of identifying the coun-
terfactual is that the estimated effects use actual 
employment data and are not the estimated out-
come of an impact computer model. Yet, like virtu-
ally every other economic event, there are winners 
(e.g., landowners or high-paid rig workers) and los-
ers (e.g., those who can no longer afford the high 
rents in mining communities and communities deal-
ing with excessive demands on their infrastructure). 

Moreover, the boom/bust history of the energy 
economy is that drilling activity usually begins with a 
wave of drilling and construction in the initial 
phases, followed by a significant slowdown in jobs 
as the production phase requires a much smaller 
number of permanent employees. Indeed Ohio has 
a long history of energy booms that illustrates that 
booms too often have few lasting effects. Ohioans 
need to be aware of this cycle if they are to make 
prudent decisions and try to gain sustainable gains 
after the boom has ended. The fundamental prob-
lem here is that the time distribution of jobs result-
ing from a new development is often ignored and it 
is important. For example it matters whether there 
are 1,000 jobs distributed as 1,000 for one year and 
then none, versus 100 additional jobs for 10 con-
secutive years, or 10 additional jobs for the next 
100 years.  Yet, óimpactô analysis such as that used 
by the energy industry typically does not differenti-
ate among these scenarios and the whole topic is 
usually ignored by the media. Professional econo-
mists note that long-term regional economic devel-
opment requires permanent jobs, and thus inde-
pendent economists place considerably less weight 
on the initial construction phase associated with 
energy development. Policies need to be developed 
to ensure long-term success. 
 
Natural gas extraction is also associated with po-
tential environmental degradation. Pennsylvania 
and other areas have reported numerous incidents 
of water contamination; most notably in Dimock, 
PA, which was featured in the controversial docu-
mentary Gasland. Because hydraulic fracturing oc-
curs at levels far below the aquifer level, it is most 
likely not to blame for contamination, but any con-
tamination is instead likely caused by a casing/
tubing failure or other part of the drilling process. 
Thus, the EPA exempted natural gas extraction 
using hydraulic fracturing from the Safe Drinking 
Water Act and Clean Water Act in 2005. However, 
recognizing increasing concerns over the impact on 
drinking water and ground water, in 2010 Congress 
directed the EPA to study the effects of hydraulic 
fracturing on the environment with results expected 
by the end of 2012. Until the federal government 
acts on this issue, state regulations are necessary 
to ensure natural gas extraction is performed in a 
safe manner protecting the environment and resi-
dents. Yet, coal mining is also associated with high 
localized environmental costs, indicating that if 
natural gas mining is not done, there will still be 
environmental problems that will need to be ad-
dressed because more coal mining will be required. 

 

We argue that the focus on whether the industry 
creates jobs is misguided in assessing its true value 
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and is not how economists typically evaluate the 
effectiveness of a program or policy. Rather, the 
focus should be placed on the true costs and 
benefits of natural gas especially compared to 
coal (its main substitute in electricity production). 
Compared to coal, natural gas is cheaper and 
emits less carbon and both industries have their 
own inherent localized environmental costs in 
their production. Independent economists would 
note that neither industry is associated with large 
numbers of jobs due to their capital-intensive na-

ture. Making a true assessment of the costs and 
benefits will require qualified independent analy-
sis. Likewise, ensuring that Ohioans benefit long 
after the energy boom requires innovative plan-
ning that unfortunately, most locations that have 
experienced such booms have failed to do over 
the last 150 years. These findings also illustrate 
that Ohio will need to continue to make economic 
reforms if it is to prosper in the long term because 
no one industryðin this case energy develop-
mentðwill be its long-term savior. 
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Introduction 

W 
ith the US economy still struggling to recover 
from the Great Recession, many are looking 
for a quick fix to create jobs and generate in-

come.  Politicians often turn to the latest economic fad 
to solve unemployment problems, such as aiming to 
become the next Silicon Valley or, more recently, the 
next green energy hub. Employment effects are often 
overstated to justify various policies rather than having a 
real conversation about the true benefits and costs of a 
policy.1 For example, the job creation benefits of green 
jobs were optimistically asserted while ignoring the high 
capital intensity of alternative energy and the displace-
ment effect of jobs no longer needed in the fossil fuels 
industry, especially coal. In response, the fossil fuels 
energy industry has now put forward its own solution to 
unemployment and growing energy demands: natural 
gas from shale, which also provides its own set of envi-
ronmental costs and benefits. 
 
In their ñShort-Term Energy Outlook,ò the US Energy 
Information Administration (EIA) expects that total natu-
ral gas consumption will grow by 1.8% in 2011. Despite 
the increase in consumption, recent increases in natural 
gas production have met these demands and reduced 
natural gas imports. Thus, shale gas proponents claim 
that newly accessible reserves could provide a new 
level of energy independence for the US. The 2010 EIA 
ñAnnual Energy Outlookò found that natural gas produc-
tion reached its highest levels since 1973 at 21.9 trillion 
cubic feet (Tcf). This increase in production is mainly 
attributed to the increase in natural gas extraction from 
shale resources. From 2009 to 2010 shale gas produc-
tion more than doubled from 63 billion cubic meters to 
137.8 billion cubic meters. This trend in rising natural 
gas production, especially shale gas production, is likely 
to continue. Figure 1 below shows the increasing shale 
gas production the US has experienced, along with fu-
ture expectations. 
 
The dramatic increase in shale gas production since 
2005 is shown below in Figure 2 separated by the area 
where shale gas has been developed. Recent techno-
logical advancements in a method called hydraulic frac-
turing, or ñfrackingò, have made extracting natural gas 
from shale more efficient and cost effective. This has 
brought natural gas potential to new areas as evidenced 
by the increased drilling in Pennsylvania. Although still a 
small percentage compared to Texas, growth in shale 
gas production in Pennsylvania is growing rapidly and 

provides a roadmap for how production in Ohio will 
evolve. 
 
With these innovations, shale gas potential is now grow-
ing in neighboring Ohio, which shares the same Marcel-
lus shale with Pennsylvania. Many have already begun 
to speculate what this could mean in terms of the job 
benefits to Ohio. An industry-funded study by Kleinhenz 
& Associates (2011) suggests that new Ohio natural gas 
production could ñcreate and supportò over 200,000 jobs 

S w a n k  P r o g r a m  i n  

T h e  O h i o  S t a t e  U n i v e r s i t yT h e  E c o n o m i c  V a l u e  o f  S h a l e  

N a t u r a l  G a s  i n  O h i o  

Figure 1: Shale Gas Prospects 

Figure 2: Shale Gas Areas of Production 

Source: US EIA Annual Energy Outlook 2011 

Source: US EIA Annual Energy Outlook 2011 

1. Independent economists have long complained about hyped up numbers from various industry impact reports. For a tongue-in-cheek look see 

Leach (2011). http://www.theglobeandmail.com/report-on-business/economy/economy-lab/the-economists/who-needs-pipelines-

the-oil-bucket-brigade-is-ready/article2268015/    

http://www.theglobeandmail.com/report-on-business/economy/economy-lab/the-economists/who-needs-pipelines-the-oil-bucket-brigade-is-ready/article2268015/
http://www.theglobeandmail.com/report-on-business/economy/economy-lab/the-economists/who-needs-pipelines-the-oil-bucket-brigade-is-ready/article2268015/
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and $14 billion injected into the state economy over 
the next 4 years (Gearino, 2011).2 In this manner, 
Chesapeake Energy CEO Aubrey McClendon 
stated, ñThis will be the biggest thing in the state of 
Ohio since the plowò (Vardon, 2011).  Obviously, 
there is considerable hype surrounding the eco-
nomic effects of shale oil production 
 
To see if these expectations are realistic, we exam-
ine the impacts that natural shale gas has had on 
Pennsylvania to draw comparisons to Ohio. Many 
industry funded studies of the economic impacts of 
the Marcellus shale development in Pennsylvania 
are consistent with the Kleinhenz & Associates 
(2011) predictions, which is reasonable in the sense 
that the early stages of Ohioôs development is ex-
pected to mimic what happened in Pennsylvania. 
 
Unlike the industry funded reports, Barth (2010) 
doubts whether there is any net positive economic 
impact of drilling in Pennsylvania. She contends 
that previous industry-funded reports have focused 
on the benefits while ignoring the costs and risks 
associated with natural gas extraction. She claims 
industry funded studies havenôt properly accounted 
for other impacts, including the costs of environ-
mental degradation. Although replacing coal or oil 
with natural gas can significantly reduce carbon 
emissions, rising concerns have mounted, most 
notably in the controversial 2010 documentary 
Gasland, about the potential environmental impacts 
of natural gas mining on nearby water sources.  
This has become more of a concern as hydraulic 
fracturing and natural gas extraction occurs closer 
to both water sources and population centers in 
Pennsylvania and Ohio. These concerns have not 
yet been fully alleviated by the US EPA or the natu-
ral gas industry. In 2005, hydraulic fracturing meth-
ods were exempted from the Safe Drinking Water 
Act and Clean Water Act. However, recognizing 
increasing concerns over the impact on drinking 
water and ground water, in 2010 Congress directed 
the U.S. Environmental Protection Agency (EPA) to 
study the effects of hydraulic fracturing on the envi-
ronment. 
 
Barth (2010) also argues that previous industry-
funded studies have not properly accounted for the 
impact on infrastructure, property values, and the 
ñdisplacementò impact pollution can have on other 

industries such as tourism and fishing. In 2010, 
tourism employed approximately 400,000 people in 
Pennsylvania whereas the natural gas industry em-
ployed closer to 26,000 (Barth, 2010; BLS). If tour-
ism suffers as a result of the natural gas industry, 
then a bigger industry could be put at risk from ex-
pansion of the natural gas industry, though we note 
that much of Pennsylvaniaôs tourism industry is not 
near the mining activity. 
 
Economists have long argued that energy develop-
ment has limited overall impacts on the economy. 
There is a longstanding literature that refers to a 
ñnatural resources curseò that limits growth from 
energy development. One reason for the limited 
effects of energy development is Dutch Disease, 
which broadly refers to the higher taxes, wages, 
land rents, and other costs associated with energy 
development that make other sectors less competi-
tive (including currency appreciation at the national 
level). These higher costs also reduce the likelihood 
new businesses will locate in the affected location. 
Previous research has found evidence of a natural 
resources curse and Dutch Disease suggesting that 
a natural resource boom can occur at the cost of 
other sectors and general long-run economic 
growth. For example, Papyrakis and Gerlagh (2007) 
found that US states with a higher degree of reli-
ance on natural resources experience lower eco-
nomic growth.3 Kilkenny and Partridge (2009) and 
James and Aadland (2011) also found evidence of 
this resource curse at the US county level. 
 
Figure 3 on the next page shows that most natural 
gas is still used to supply electricity. Thus, with ris-
ing electricity demands, increasing natural gas pro-
duction will lower the need for electricity generation 
from coalði.e., we will have more natural gas jobs 
that are offset by fewer coal jobs. Only 0.1% of 
natural gas is used as vehicle fuel, which is derived 
from oil as opposed to coal. Thus, new natural gas 
will not significantly decrease US reliance on for-
eign oil unless, as publicly suggested by T. Boone 
Pickens, the US considers converting more buses, 
trucks and other vehicles to natural gas. Thus, its 
effects on ñenergy securityò are rather limited in the 
foreseeable future as increased electrical demand 
and the growing reliance on US natural gas will pri-
marily be at the expense of US coal.4 
 

2. Kleinhenz & Associates (2011) specify that over 200,000 jobs will be created or supported but they do not clearly define the differ-
ence between ñcreatedò and ñsupportedò jobs. In terms of long-term economic development, permanent job creation would be 
necessaryðor does natural gas development create more permanent jobs than what would have happened without the energy 
development? The latter counterfactual question is not addressed in that report.  

3. Dutch Disease refers to natural gas development in the Netherlands in the 1960s and 1970s. The ensuing boom raised costs and 
appreciated the Dutch currency, rendering Dutch manufacturers less competitive on international markets. After the initial boom 
settled down, not only were there less employment in the natural gas industry, but Dutch manufactures found it hard to regain their 
market share on international markets, producing a permanent cost on their economy.  

4. The recent expansion of shale development did reduce natural gas imports, but going forward, its main influence will be as a sub-
stitute for other sources of electricity, primarily coal.  
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Even with a significant conversion of vehicles to 
natural gas, the energy sector as a whole has an 
employment share that is simply too small to sig-
nificantly impact the high unemployment rates the 
US is experiencing.  In 2010, the natural gas in-
dustry accounted for less than 0.4% of national 
employment, so even if the sector doubled in 
sizeðwhich is quite a stretchðoverall U.S. em-
ployment would only be marginally effected 
(BLS).5  This is not surprising as natural gas like 
much of the energy sector (including alternative 

energy) is quite capital intensive, which reduces 
the employment effects of natural gas compared 
to the broader economy.  
 
The pursuit of economic fads is often justified by 
overpromising jobs while ignoring the displace-
ment effects on other sectors of the economy as 
well as other costs on the economy. The benefits 
should be appropriately weighed against the 
costs, but this requires a better understanding of 
both the benefits and costs. It should not be 
based on the overblown hype of either side. Us-
ing previous experience from Pennsylvania, we 
will produce realistic estimates what Ohio should 
expect from shale gas development over the next 
four years. We find that although the employment 
advantages of shale gas have generally been 
overstated by the industry, there are clear bene-
fits of natural gas production when compared to 
coal (which has its own environmental risks). The 
biggest advantages are that natural gas is more 
cost-effective than coal and can reduce carbon 
emissions. Coal forms the natural benchmark 
because in the medium term, natural gas produc-
tion would displace coal production as the alter-
native source for electricity. 
 

Figure 3: 2010 Natural Gas Consumption by 
End Use  

5. The calculation of total natural gas employees uses the methodology of IHS Global described in more detail in note 7 and we 
use U.S.  Bureau of Labor Statistics Data to derive the employment figures.  

Source: US EIA  

http://upload.wikimedia.org/wikipedia/commons/d/d4/Horizontal_Drilling_Rig.jpg
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I  
nnovations in hydraulic fracturing are the reasons 
natural gas extraction has recently been developing 
in the Marcellus shale regions in Pennsylvania and 

Ohio and now expanding to the Utica shale regions in 
Ohio. Before investigating the impacts of shale gas de-
velopment, it is important to understand the hydraulic 
fracturing method that has made natural gas extraction 
from shale economically feasible.  
 
Shale is a fine-grained sedimentary rock that can trap 
petroleum and natural gas well below the surface. Hori-
zontal drilling and hydraulic fracturing now allow the 
energy industry to extract this trapped gas. Commercial 
hydraulic fracturing began in 1949, though it took dec-
ades of use for innovations to make shale gas extrac-
tion more cost effective. Horizontal drilling can cost 3 to 
4 times more than conventional drilling, but has the po-
tential of reaching substantially more reserves. Figure 4 
from the EIA compares horizontal drilling and hydraulic 
fracturing to conventional methods of natural gas ex-
traction. Figure 5, further depicts the hydraulic fracturing 
process. 
 
Horizontal wells and hydraulic fracturing in conjunction 
with advances in micro-seismic technology aiding both 
exploration and the drilling process have allowed the 
energy industry to extract natural gas at greater depths. 
According to the EPA (Jun., 2010), horizontal wells are 
drilled to a depth between 8,000 and 10,000 feet. Hy-
draulic fracturing extracts natural gas from shale using 
a pressurized injection of fluid composed mostly of wa-
ter and a small portion of sand and chemical additives 
that vary by site. This pressure causes the shale to frac-
ture, requiring sand or other propping agents to keep 
the fissures open and allow gas to escape.  Between 15 
to 80% of the fluids are recovered from the well before 
the natural gas is collected. This water called ñproduced 
waterò can be reused in other wells, but will need to be 
treated or disposed of at some point.  
 

Natural Gas Development in the US:  
 
In the 1980s, the Barnett shale in Texas became the 
first natural gas producing shale. More than a decade of 
production from the Barnett shale in Texas has helped 
improve the hydraulic fracturing process, leading the 
way for it to be used in other areas such as the Marcel-
lus shale in Pennsylvania and the Utica Shale in Ohio.  
The Marcellus shale is more than 60 million acres and 
is significantly larger than the Barnett. The EIA esti-

mates that there are 410 Tcf of recoverable gas in the 
Marcellus shale alone. Figure 6 on the next page shows 
the location of US shale plays including the Barnett in 
Texas and the Marcellus and Utica in Pennsylvania and 
Ohio. Figure 6 clearly shows that shale natural gas is a 
national phenomenon that will dramatically alter natural 
gas availability and pricing nationally. Indeed, EIA data 
further documents that shale plays are a global phe-
nomenon that will likely reduce world-wide natural gas 
prices. 

Hydraulic Fracturing Overview 

M a k i n g  G r e e n  J o b s  W o r k  f o r  O h i o  
S w a n k  P r o g r a m  i n  

T h e  O h i o  S t a t e  U n i v e r s i t yT h e  E c o n o m i c  V a l u e  o f  S h a l e  

N a t u r a l  G a s  i n  O h i o  

Figure 4: Natural Gas Mining Methods 

Figure 5: Hydraulic Fracturing 

Source: ProPublica 
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The large potential of the Marcellus shale, and 
more recently the Utica shale, has made Pennsyl-
vania and Ohio highly attractive for mining of natu-
ral gas reserves. Figure 7 below provides a more 
detailed look at areas in Ohio that may be directly 
affected by natural gas resources. In an interview, 
Douglas Southgate of The Ohio State Universityôs 
Subsurface Energy Resource Center states that 
shale resources in Ohio can provide a reliable, 
cheap, and local source of energy for Ohio. He ex-
plains that much of the attention has been on the 
Marcellus formation, though it is becoming clear 
that the Utica is more important.  In the long term, 
the latter is expected to supply oil in significant 
quantities (Dezember and Lefebvre, 2011). It is 
also an important source of natural gas liquids 
(NGLs) such as ethane, which is converted into the 
ethylene used to manufacture a wide array of 
chemical products (American Chemistry Council, 
2011).  Thus, Southgate and others argue that 
shale deposits in and around Ohio are an important 
source of various hydrocarbons, not just the meth-
ane used to heat homes, generate electricity, and 
so forth. 
 

Ohio shale development is just beginning. Figure 8 
on the next page shows specific Marcellus and 
Utica well activity in Ohio from 2006 through Au-
gust, 2011. It was recently reported that Chesa-
peake Energy has its first 4 active Utica shale wells 
in Ohio producing between 3 and 9.5 million cubic 

Figure 6: US Shale Resources 
Source: US EIA 

Figure 7: Ohio Shale Resources 

Source: ODNR 
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feet of natural gas per day (Gearnino, 2011). A 
conventional well might produce between 100,000 
and 500,000 cubic feet per day, but the Marcellus 
and Utica shale wells are expected to produce be-
tween 2 to 10 million cubic feet of natural gas per 
day. Chesapeake plans to increase the number of 
wells to 20 by the end of 2013. 
 
Although shale development has already begun in 
Ohio, it is still nascent compared to Pennsylvania. 
The projected impacts on Ohio are still being de-

bated. For example, Kleinhenz & Associates (2011) 
projected natural gas development in Ohio would 
lead to 200,000 jobs and $14 billion in spending. 
Much of their analysis uses assumptions derived 
from recent Pennsylvania impact studies such as 
Considine et al. (2009; 2010; 2011). Kleinhenz & 
Associates (2011) projected that 4,000 wells will be 
drilled in Ohio by 2015. Overall, they produced eco-
nomic  results that are similar to the industry-
funded estimates for Pennsylvania. 
    

Figure 8: Marcellus and Utica Well Activity in Ohio  

Source: ODNR (Aug, 2011) 
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Economic Expectations 

P 
ennsylvania is a particularly good gauge to pre-
dict what the impacts of shale gas will be on Ohio 
because they share much of the same natural 

resources. They are also very proximate and have simi-
lar economic structures. Figure 9 shows the Marcellus 
and Utica shale running through both states. Besides 
being neighbors, Pennsylvania and Ohio are the 6th and 
7th most populous states. For both states, the shale re-
sources are mainly located in rural areas, though there 
are larger population centers that are affected.  
 
In 2005, the first well in the Marcellus shale in Pennsyl-
vania began producing natural gas. Since then, most of 
the wells have been located in the northeast and south-
west in Pennsylvania. Figure 10 shows the location of 
wells across the state by year.  The number of shale 
wells drilled grew from 60 in 2007 to 1,395 in 2010. 
Considine (2010) finds that 36% of the 229 wells drilled 
in 2008 were horizontal and that percentage is ex-
pected to rise. 
 
As the number of wells drilled dramatically increased, 
so did natural gas production in Pennsylvania, espe-
cially in the northeast region.  Figure 11 on the next 
page shows the notable increase in production.  

 

M a k i n g  G r e e n  J o b s  W o r k  f o r  O h i o  
S w a n k  P r o g r a m  i n  

T h e  O h i o  S t a t e  U n i v e r s i t yT h e  E c o n o m i c  V a l u e  o f  S h a l e  

N a t u r a l  G a s  i n  O h i o  

Figure 10: Marcellus Shale development 2007-2011  

Figure 9: Marcellus and Utica Shale Plays 

Source: Ohio EPA 

Source: PSU 
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Pennsylvania Natural Gas Employment:  
 
Studies of natural gasôs role in national and regional 
economies typically use impact studies (though this 
is not considered best practice for evaluating eco-
nomic effects). Impact studies, such as the ones we 
describe, typically estimate three types of employ-
ment effects: (1) direct effects of the jobs directly 
employed in the activity (in this case natural gas 
mining); (2) indirect effects that would include inputs 
to the direct activity (such as pipeline construction); 
and (3) induced effects due to the added household 
income (e.g., workers purchasing items in the local 
economy) (see IMPLAN.com for more details). 
Summing across the three categories, if done cor-
rectly, would produce the total number of jobs 
ñsupportedò by the industry (not new jobs created). 
As we describe below, estimating the number of 
new jobs created would need to assess what would 
have happened in the absence of natural gas min-
ingði.e., develop the counterfactualðwhich is not 
done in standard impact analysis. 
 
One source of confusion is that impact studies do 
not produce continuous employment numbers. If an 
impact study says there are 200,000 jobs, this does 
not mean 200,000 workers are continuously em-
ployed on a permanent basis. For example, there 
are workers who do site preparation. Then there is 
another group who do the drilling followed by an-
other group who maintains the well when it is in 

production. Finally, there is an entirely different 
group doing pipeline construction, and so on. So, 
while the public is likely more interested in continu-
ous ongoing employment effects, impact studies 
are producing total numbers of supported jobs that 
occur in a more piecemeal fashion. 
 
Impact analysis is usually based on an old input-
output technology that is typically not used today by 
economists to estimate actual economic effects. 
Impact studies do not include various displacement 
effects and do not reflect the true counterfactual of 
comparing what would have happened without 
natural gas drilling. For example, oil and natural gas 
drilling would lead to higher local wages and land 
costs, which reduce employment that would have 
occurred elsewhere in the economy. Likewise, the 
environmental effects may reduce activity in the 
tourism sector and other residents may not want to 
live near such degrading activity. Finally, greater 
natural gas employment means that there are fewer 
jobs in coal that would have occurred without the 
increase in natural gas employment. As described 
below, best practice economics uses other ap-
proaches that try to adjust for displacement effects 
to derive more accurate estimates of actual effects 
(see Irwin et al. (2010) for a discussion of the weak-
nesses of impact studies). 
 
Figure 12 on the next page shows the direct and 
much of the indirect employment in natural gas and 
other related sectors in Ohio and Pennsylvania.6 

Source: US EIA 
Figure 11: Northeast Natural Gas Production  

6.  For the direct effect of natural gas mining, we also include some indirect suppliers that are related to natural gas drilling, which 
overstates the direct effects. However, not all of the indirect industries are included in Figure 12. When we use a multiplier below, 
because we already include some indirect effects, we would overstate the total number of supported jobs for the industry.  
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Since some of the sectors reported in Figure 12 
include other sectorsðprimarily oilðwe assume 
that all of the gain in Pennsylvania employment is 
due to new natural gas production. Also, we do not 
include ñenergy relatedò sectors in Figure 12 if they 
showed a large decrease in employment because 
we believe that would understate the importance of 
new natural gas production in Pennsylvania (those 
declines would likely be due to other factors). 
Thus, if anything, we believe that any measure-
ment ñerrorsò would work to overstate the impor-
tance of new gas production employment.7 From 
Figure 12, with these assumptions, we assume 
that from 2004-2010, there was a gain of about 
10,000 direct and indirect jobs in the natural gas 
industry in Pennsylvania. 
 

The typical multiplier would take direct employ-
ment and multiply it by the multiplier to arrive at the 
total effects, including indirect and induced effects. 
Since the 10,000 number derived above includes 
some of indirect effects such as pipeline construc-
tion, using the standard multiplier would likely lead 
to an overstatement of the total employment ef-
fects of new production. Nonetheless, assuming 
the standard multiplier of 2 (which is on the high 
end), the natural gas industries would still have led 
to about 20,000 direct, indirect, and induced jobs 
from 2004 to 2010 in Pennsylvania, though this 
ignores employment losses in other sectors dis-
placed by natural gas.8 By comparison, Considine 
et al.ôs (2011) industry funded study suggested 
that natural gas was associated with 140,000 
Pennsylvania jobs during 2010.  

7. IHS Global Insight (2009) notes that employment in these sectors also includes employment in the oil sector and other sectors 
(not just natural gas). They calculate some national estimates of natural gasôs share of overall employment in each sector. For 
example, they estimate natural gasôs employment share for the following industries as follows: (1) 2111-Oil and gas extraction,  
213111 - Drilling Oil and Gas Wells, and  213112 - Support Activities for Oil and Gas was 74% in 2008; (2) 237120 - Oil and Gas 
Pipeline Construction was 68% in 2008; (3) 333132 - Oil and Gas Field Machinery and Equipment Manufacturing was 65% in 
2008 and (4) 238912 - Nonresidential Site Preparation Contractors was 16% in 2008). We could have used IHS Global Insightôs 
shares in our calculations, but we believe this would understate  the increase in the size of the natural gas sector in Pennsylvania 
because some of the gains would be attributed to other sectors.  

8. Academic economists generally use a multiplier of 2 as an upper bound multiplier. For example, Stabler and Olfert (2002) de-
scribe a range of employment multipliers in the 1.1 to 1.5 range. Hughes (2003) describes that output multipliers above 2.5 are 
likely very questionable. Likewise, Kelsey et al. (2009) found an output multiplier for natural gas in Pennsylvania to be in the 1.86 
to 1.90 range, further showing that our 2.0 multiplier is reasonable. Indeed, as the economy becomes more global, fewer employ-
ment gains are on-shore or local, which would reduce employment multiplier effects. Likewise, with outsourcing and increasingly 
fragmented supply chains, firms are further shifting their purchases outside the firm, which further reduces the amount purchased 
locally. Further, keep in mind that the energy sector is highly capital intensive which would work to reduce the employment effects 
and increase the output effects in a multiplier. Thus, we believe our use of an employment multiplier of 2 would be viewed as 
ñgenerousò by independent academic economists.  

9. The direct effects would commonly include the drilling and extraction activities while indirect effects would normally include inputs 
such as pipeline construction and field equipment manufacturing. Hence, this is why we state that we are already including some 
of the key inputs as direct employment in Figure 12.  

Figure 12: Ohio and Pennsylvania Natural Gas Employment9 

Source: BLS 
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We believe that independent and academic econo-
mists in regional and urban economics would view 
our 20,000 employment estimate as reasonable 
and some may view it on the high end of actual job 
creation.10 For example, Barth (2010) notes that 
other studies found a multiplier for oil and gas as 
low as 1.4. She also notes that in similar input-
output studies, other industries were found to have 
higher multipliers than oil and gas, with agriculture 
having one of the highest multipliers. If shale de-
velopment adversely effects employment in (say) 
coal mining, agriculture, and tourism, then those 
numbers should be subtracted from these num-
bers to derive the actual employment effects 
(including any multiplier effects in those sectors). 
To be sure, we only calculate an impact style esti-
mate to give a feel of the overestimated effects 
produced by industry consultants (and others who 
produce impact studies). There are much better 
approaches than impact studies to calculate actual 
effects, which we describe below. 
 
One other issue is that proponents of natural gas 
expansion in Ohio often claim that lower natural 
gas prices will provide a major stimulus to overall 
employment, especially in manufacturing.  While 
we will not assess whether natural gas prices are a 
sufficient share of a typical firmôs cost structure to 
make a tangible difference, we do note that there 
are reasons to be skeptical of those claims (though 
we hope we are wrong). Foremost, to make a dif-
ference on Ohioôs relative competitive edge com-
pared to the rest of the United States and the rest 
of the world, it would have to be an event that 
helps Ohioôs businesses much more than in the 
rest of the world. However, as we note in the dis-
cussion surrounding Figure 6, shale natural gas is 
a global phenomenon, meaning that falling natural 
gas prices will benefit a significant share of Ohioôs 
global competitors. Thus, there is no ñedgeò given 
to Ohioôs businesses that would make them tangi-
bly more competitive than their national and inter-
national competitors. 
 
Economists typically subject their forecasts to 
ñsmell testsò by making comparisons to similar 
events. In our case, comparing energy develop-

ment around North Dakotaôs Bakken shale forma-
tion in the far northwestern part of the state is good 
benchmark to assess whether our 20,000 job fore-
cast for Ohio makes sense. Specifically, develop-
ment of North Dakotaôs Bakken shale region has 
been about the same magnitude as the energy 
development in Pennsylvania and should produce 
somewhat comparable job effects on both states.11 

During the October 2007-October 2011 period (or 
a four year period that corresponds to Kleinhenz & 
Associatesô Ohio study), the entire state of North 
Dakota added about 39,000 jobs. It is highly 
unlikely that this is all due to energy as high com-
modity prices (for example) have supported North 
Dakotaôs relatively large farm economy. Further, 
we would expect that the Bismarck metropolitan 
area (which is relatively close to the mining activ-
ity) to be more impacted by the energy boom, 
while the Fargo and Grand Forks metropolitan ar-
eas that are hundreds of miles away on the Minne-
sota border to be considerably less affected. In this 
comparison, Bismarck added 4,600 jobs during 
this four-year period, while Fargo and Grand Forks 
metropolitan areas respectively added 4,400 and 
1,600 jobs. These figures strongly suggest that 
North Dakotaôs relative prosperity is more wide-
spread than just an energy boom in the Bakken 
region. So, even if all 39,000 North Dakota jobs 
were due to energy (which we have already shown 
is highly unlikely), this would be a far cry short of 
the 200,000 jobs that have been forecasted for 
Pennsylvania and Ohio despite the comparable 
size of the three statesô energy booms.12 Thus, our 
forecast of 20,000 jobs over the next four years is 
further supported as a reasonable forecast based 
on the North Dakota experience.  
 
Although Pennsylvaniaôs natural gas employment 
gains are impressive, they still represent just a 
small share of total state employment.  From 2004 
to 2010, the employment share of oil and natural 
gas related sectors shown in Figure 12 increased 
from 0.30% to 0.48% (see Figure 13). This small 
employment share is simply not enough to have a 
significant effect on total jobs and on unemploy-
ment for the state.13 Despite the significant in-
crease in natural gas jobs from 2009 to 2010, 

10. For example, there are many factors affecting the actual employment number. If there are workers from out of state, Ohioôs em-
ployment number would be lower. Conversely, if more landowners are in state compared to Pennsylvania, that would increase 
the employment number. Other factors are harder to predict such as miningôs effect on agriculture and timber.   

11. U.S. Bureau of Labor Statistics Data (Current Employment Statistics) suggests that between October 2007 and October 2011, 
mining employment (which is due to the direct energy production) increased by about 12,000 in both states. The other employ-
ment numbers referred to here are from the same source.  

12. U.S. Bureau of Labor Statistics Data shows that North Dakota had an October 2011 unemployment rate of 3.5%, which seems 
quite low compared to the 9.0% national rate. However, North Dakota always has very low unemployment rates due to long-term 
structural reasons (Partridge and Rickman, 1997a, 1997b). For example, it was an even lower 3.0% in October 2001, well before 
the energy and commodity price boom of recent years, illustrating that the energy boom is only a partial reason for North Da-
kotaôs current low unemployment rate.  

13. To give a further feel for the size of the natural gas sector in Pennsylvania, Barth (2010) finds that in January 2010 there were 
48,777 Walmart employees in Pennsylvania (almost double that of the natural gas industry broadly defined) and approximately 
400,000 jobs in the tourism industry.  
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Pennsylvaniaôs unemployment rate still increased 
from 8.0% to 8.7% during this time (BLS: U.S. De-
partment of Labor, Bureau of Labor Statistics). At 
most, natural gas employment effects would be lo-
calized. Conversely, Ohioôs unemployment rate re-
mained unchanged at 10.1% from 2009 to 2010 
(BLS) despite a loss in the energy sector jobs in 
Figure 12, illustrating that natural gas employment 
is not driving either stateôs economy.  
 

Concerns with the Economic Impact 
Studies of Natural Gas Development:  
 
Impact studies are typically associated with over-
statements of the employment effects of new devel-
opment. For example, the Considine et al. (2011) 
study appears to include indirect and induced jobs 
before applying the multiplier effect, which double-
counts effects and blows up the estimated effects. 
Direct jobs should include those jobs directly asso-
ciated with drilling the wells and extracting the natu-
ral gas. Indirect jobs include the jobs associated 
with various inputs required by the industry such as 
pipelines. Induced jobs should include those jobs 

and services required by the workers such as res-
taurants and entertainment.14  The final two catego-
ries should be the outcome of the multiplier proc-
ess. 
 
Second, Considine et al. assumes that 95% of natu-
ral gas industry spending will occur in Pennsyl-
vania. Kleinhenz & Associates assumes a slightly 
more conservative 90% of all spending will be spent 
in Ohio. In global economies in which state econo-
mies are integrated with national and international 
economies, such assumptions would not be credi-
ble for independent economists. Moreover, because 
the industry is relatively new and undeveloped, 
more of the inputs would be brought in from outside 
of the state, e.g., from Texas.15 
 
There are other problems with impact studies be-
cause, in reality, more of the money leaks out. For 
example, Kelsey et al. (2011) found 37% of the 
Marcellus employment has gone to non-
Pennsylvania residents and that landowners save 
or invest approximately 55% of the money they 
make from royalties/lease payments rather than 
spending it in the local economy.  They use these 

14. Examples of jobs that should not be categorized as direct to natural gas mining are Finance & Insurance, Educational Services, 
Health, Arts & Entertainment, Hotel & Food Services, etc.  By including these jobs as direct jobs, Considine et al. is essentially 
double counting the employment effects. While we do not have Considine et al.ôs programming we believe one source of the 
double counting derives from how household spending from lease payments/royalties are treated. Even using the job estimates 
of Considine et al., it is still not a significant portion of the total employment in Pennsylvania.  

15. We believe a more reasonable approach would have been to use the default state spending shares from the IMPLAN software 
(i.e., Considine et al. overruled IMPLANôs default numbers and incorporated 95%). In the absence of detailed and regional I-O 
data, other shortcuts have been used such as payroll to sales ratios (Oakland et al., 1971; Rioux and Schofield, 1990; Wilson, 
1977) or Value-added to gross outlays by industry (Stabler and Olfert, 1994).  

Source: BLS 

Figure 13: Ohio and Pennsylvania Natural Gas Employment Shares of Total State Employment  
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more realistic findings to develop a better estimate 
of the economic impacts of shale development in 
Pennsylvania. Using IMPLAN, Kelsey et al. (2011) 
find that in 2009, Marcellus shale development 
economic impact was over 23,000 jobs and more 
than $3.1 billion. Our estimate of 20,000 jobs then 
closely corresponds to Kelsey et al.ôs estimates 
(2011). 
 

Finding Counterfactuals to Assess 
Growth:  
 
The key problem with impact studies is that they do 
not estimate the actual number of jobs created by 
mining because of all of the displacement effects. 
They are not the true counterfactual and econo-
mists have not viewed them as best practice for 
decades (Irwin et al., 2010). Economists have de-
veloped other more credible approaches in devel-
oping a counterfactual, such as difference in differ-
ence approaches. One of these approaches is to 
match drilling counties to non-drilling counties that 
otherwise would have had similar employment pat-
terns if there was no drilling. Thus, the goal is to 
find counties that would have looked similar to the 
drilling counties in the absence of drilling. We de-
scribe this approach below. 

 
Although natural gas employment does not seem 
to have had a significant impact on the state as a 
whole, it may still have a sizeable impact on the 
specific counties, many of them rural. Table 1 pre-
sents data for Pennsylvania counties before and 
after drilling. Table 1 shows that before 2005, drill-
ing counties are notably struggling more than non-
drilling counties. Drilling counties on average are 
less populated, more rural, have lower per capita 
income and less employment growth. Natural gas 
leases also provide an additional source of income 
for landowners. Landowners that choose to lease 
their land to natural gas companies generally re-

ceive an upfront payment per acre and royalties on 
the gas produced from the well. Although the pay-
out varies, it can be quite sizeable. From Table 2, it 
seems natural gas development is positively re-
lated to per capita income growth rates for drilling 
counties.   
 
Table 1 highlights the fact that drilling counties on 
average look very different than most non-drilling 
counties. Thus, we look specifically at 3 significant 
high-drilling counties in the northeast (Tioga, Brad-
ford, and Susquehanna) and 3 in the southwest 
(Washington, Greene, and Fayette).16 We then 
match each of these two sets of mining counties to 
similar non-mining counties (as of 2009) based on 
population and similar employment and income 
dynamics before 2005 and the advent of shale drill-
ing.17 Figure 14 shows the mining and non-mining 
counties that were chosen. Figure 14 shows that 
the matches are divided into the Northeast quad-
rant of the state and the southern part of the state. 
The appendix provides additional graphs directly 
comparing each drilling county with its matched 

16. Drilling counties were matched to non-drilling counties on the basis of population and general urbanization as well as region 
(either north or south).  

17. Matching studies can employ other mathematical approaches to finding matches. As will be apparent, our choice of non-drilling 
counties will appear to be good matches.  

Table 1: Pennsylvania County Descriptive Statistics  
Source: BEA 

Figure 14: 2009 Matched Drilling and 

Non-drilling Counties 
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non-drilling county. 
 
Using BEA employment and income data, the 
shale mining counties are compared to the non-
mining counties with 2004 marking the point im-
mediately before drilling activities began. One of 
the key features of the employment and income 
data is that both mining and non-mining counties 
are on similar growth paths prior to drilling, sug-
gesting there they are good comparisons (see 
Figures 15-18 in the next pages). Figure 15 sug-
gests that mining counties may have had faster 
job growth in the Southern region, but Figure 16 
shows that the opposite applies in the Northeast-
ern region. Overall, there are no clear employ-
ment effects for heavily drilled counties. We are 
not saying there are no drilling employment ef-
fects, but that they are not large enough to be 
detected in this commonly used matching ap-
proach. One reason may be that many of the new 
jobs may go to people outside the state who have 
previous experience in natural gas extraction.18 
Conversely, the positive impacts on incomes are 
more clear. Figures 17 and 18 show the per cap-
ita income impact of natural gas drilling appears 
to be positive in both Southern and Northeastern 
regions. While the effects may differ in longer-run 
periods, our four year window conforms to Klein-
henz & Associatesô four year forecast for Ohio.  
 
To be sure, there are many things happening in 
these county economies, but such efforts to form 
the true counterfactual are more in line with best 
economic practice than the impact studies that 
are often used by eco-
nomic consultants. In 
particular, one espe-
cially appealing feature 
is that our approach is 
based on actual em-
ployment and income 
data and not based on 
the assumptions of 
computer software.  
 
For further comprehen-
sive analysis to ap-
praise whether our pre-
vious matched results 

are correct, we now perform a statistical analysis 
on all counties within Pennsylvania. To control for 
county-specific effects, we use a difference-in-
difference approach to find the impact of drilling 
on the change in employment after drilling com-
pared to the change in employment before drill-
ing. Details of the difference-in-difference meth-
odology are provided in the appendix, but essen-
tially we are examining whether having more 
natural gas wells is associated with more job and 
income growth, but this time we are considering 
all Pennsylvania counties. This approach ac-
counts for the fact that drilling and non-drilling 
counties may have systematic differences (fixed 
effects) for a variety of reasons - and we are ad-
justing for these differences. Table 2 shows that 
the number of wells drilled since 2005 has no sta-
tistically significant effect on employment.19 Over-
all, we believe that there have been modest em-
ployment effects in drilling counties, but they are 
not large enough to statistically ascertain (most 
likely due to some of the offsetting factors we just 
described). The upshot is decision makers who 
are interested in the actual job creation effects of 
natural gas need to take much more seriously the 
displacement effects throughout the economy.    
 
There are many important reasons why we would 
expect natural gasô impact on employment to be 
small or insignificant, which explains the findings 
in Figures 15 and 16 and in Table 2. Besides dis-
placement, one reason is the production technol-
ogy of natural gas. Like other fossil fuel energy 
industries, natural gas is rather capital intensive. 

18. Pennsylvania and Ohio residents may not have the skills and experience needed to meet the demands of the natural gas industry 
and royalty/lease monies may not be spent locally. Similarly with natural gas spending, Pennsylvania may not have the services 
and supply chain the energy industry requires initially. Along with other displacement effects, this may explain the lack of employ-
ment response.  

19. We also considered that possibility that there are threshold effects (or other nonlinearities) in which drilling does not affect eco-
nomic growth until a certain number of wells are drilled. We did this by adding a number of wells drilled squared term to the model. 
This variableôs coefficient was negative and statistically insignificant in both the income and employment growth models, suggest-
ing that there are no nonlinear effects. Additionally, these numbers donôt account for people switching from part time to full time 
employment.  

Source: BEA and Pennsylvania DEP Data. See the appendix for more details.  

Table 2: Employment Effects of Drilling  
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Figure 15: Drilling and Non-drilling Employment Comparison (2004=100)  

Figure 16: Drilling and Non-drilling Employment Comparison (2004=100)  

Source: BEA Mining counties (Washington, Greene, and Fayette) Non-mining counties (Perry, Franklin, Cumberland) 

Source: BEA. Mining counties (Tioga, Bradford, and Susquehanna) Non-mining counties (Union, Columbia, Carbon)  
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Figure 17: Drilling and Non-drilling Per Capita Income Comparison (2004=100)  

Figure 18: Drilling and Non-drilling Per Capita Income Comparison (2004=100)  

Source: BEA. Mining counties (Washington, Greene, and Fayette) Non-mining counties (Perry, Franklin, Cumberland)  

Source: BEA. Mining counties (Tioga, Bradford, and Susquehanna) Non-mining counties (Union, Columbia, Carbon)  
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Figure 19 shows the estimated 
number of jobs required to pro-
duce a kWh of electricity.  Natu-
ral gas actually requires fewer 
jobs to produce a given amount 
of electricity than coal. The job 
requirements for natural gas 
electricity production are low be-
cause it is efficient at producing 
a kWh. In this case, fewer jobs 
created is actually a good thing 
for the overall competitiveness of 
the economy because that im-
plies low-cost electricity, but it 
means that natural gas drilling 
has smaller employment im-
pacts.  
 
As figure 3 shows, most natural 
gas resources (32.8%) are used 
for electricity. When switching 
from coal to natural gas, there 
will be significant displacement 
effects in addition to the effects 
of natural gas being more pro-
ductive than coal in producing a 
kWh. Using the same technique 
shown in Weinstein et al. (2010), 
Table 3 shows the approximate 
employment effects of even large 
shifts (25% of the kWh produced 
from coal to kWh generated from 
natural gas) are rather small. In 
both cases, there are small em-
ployment losses with Ohio hav-
ing more employment losses due 
to a higher percentage of elec-
tricity being generated from coal. 
 
Table 4 shows the regression 
results for a difference-in-
difference for county per-capita in-
come. In this case, the income injected 
into the economy by the natural gas 
industry through leases and wages 
appears to have a significant positive 
effect on per capita income. These 
results, along with the employment 
regression results, verify our previous 
analysis using matched drilling and 
non-drilling counties. Drilling seems to 
have a positive and significant effect 
on income in drilling counties - but not 
on employment. 
 

 
 
 
  
 

 

 

 

 

Table 3: Effects of Displacing Coal with Natural Gas  

Source: EIA and Weinstein et al. (2010)  

Figure 19: Jobs Requirements to Produce a kWh by Energy Source 

Source: Weinstein et al. (2010) chart using data from Kammen et al. (2004)  

Source: BEA and Pennsylvania DEP Data  

Table 4:  Income Effects of Drilling 
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O 
nce the realistic expectations of the employment 
and income effects of shale natural gas develop-
ment are properly assessed, these impacts can 

be included when weighing the benefits and costs of 
shale gas. 

 
The Benefits of Natural Gas:  
 
Other than the income effects and modest employment 
impacts, additional benefits to natural gas include lower 
energy prices, natural gas imports, and carbon emis-
sions (especially compared to coal). First, Figure 20 be-
low shows the average levelized cost to produce a kWh.  
As shown in Table 3, natural gas decreases electricity 
costs for end users. However, if natural gas prices are 
too low it will be less economical to pursue shale gas.20 

 
Pennsylvania and Ohio are also good locations to pro-
duce natural gas as there is significant natural gas infra-
structure in the area and large population and industry 
centers that require natural gas as shown in Figure 21 
on the next page. This proximity further decreases en-
ergy costs by reducing transportation costs. 
 

Increasing domestic sources of natural resources are 

reducing the demand for foreign gas. The EIA reports 
that 87% of the natural gas consumed in 2009 was pro-
duced domestically. Figure 22 on the next page shows 
that since 2007, natural gas imports have been declin-
ing. However, as already noted, future increases in 
natural gas production will have very little effect on 
ñenergy securityò as our largest problem relates to oil 
imports.  
 
The potential benefits of natural gas have been touted 
by both the industry and the US EIA. However, the abil-
ity to supply the countryôs energyôs needs may have 
been overstated. In the 2011 Annual Energy Outlook, 
the EIA estimates that 2,543 Tcf of potential natural gas 
resources could supply the U.S. for approximately 100 
years at the 2010 level of annual consumption. How-
ever, this does not account for the increasing trends in 
consumption. Accounting for the trend in consumption 
from 1974 to 2010, this estimate falls to 65 years. Using 
a more recent trend from 1986 to 2010, the estimate 
falls to 52 years. Despite the significant reserves, natu-
ral gas energy strategies still suffer from typical fossil 
fuels problems such as nonrenewability.  
 

The Environmental Benefits and Costs:  
 

Natural gas is often viewed as a 
bridge between a reliance on carbon 
emitting fossil fuels and an energy 
industry comprised of some mix of 
alternative energy sources with far 
less reliance on foreign energy and 
carbon emitting energy sources. Fig-
ure 23 on page 22 shows the life 
cycle emissions rates for various 
sources of electricity generation. Al-
though natural gas emits significantly 
more carbon than nuclear and alter-
native energy sources, it does emit 
far less than coal. Thus, as table 3 
showed, switching from coal to natu-
ral gas will not only save money on 
energy costs it will also reduce car-
bon emissions. Natural gas combus-
tion emits lower levels of carbon di-
oxide, nitrogen oxide, and sulfur di-
oxide than both coal and oil. Yet, 
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Figure 20: Energy production costs by energy source21 

Source: Weinstein et al. (2010) using data from the EIA 

 
20. It should also be noted that a decoupling of natural gas prices from oil prices has realigned markets (Southgate and Daniels, 2011).  
21. The average levelized cost is the present value of all costs including building and operating the plants.  
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Source: EIA, GasTran Natural Gas Transportation Information System.  

Figure 21:  Natural Gas Infrastructure 

Figure 22:  Increasing Production Reduces Imports 

Source: EIA  
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Howarth et al. (2011) find that the carbon emis-
sion benefits of natural gas are less when it ex-
tracted using hydraulic fracturing compared to 
conventional methods because of the water and 
wastewater transportation.  
 
Despite the potential emissions advantages of 
natural gas, significant concerns have been raised 
about the environmental impact of natural gas 
extraction with a Duke University study finding 
elevated levels of methane in water near drilling 
sites (Osborn et al., 2011) and the EPAôs recent 
announcement that hydraulic fracturing chemicals 
polluted water sources in Wyoming (The Associ-
ated Press).  
 
The environmental concerns with natural gas have 
been focused on the hydraulic fracturing process 
and its impact on water sources. The importance 
of understanding the hydraulic fracturing process 
is essential in understanding its potential environ-
mental effects. If cracks arenôt able to be con-
trolled or predicted during hydraulic fracturing or 
somehow disturb the ground, then natural gas or 
fracturing fluid containing toxic chemicals may 
shift or migrate to aquifers affecting drinking wa-
ter. However, hydraulic fracturing typically occurs 
at depths well below the level of aquifers and 
drinking water.  At thousands of feet below water 
sources, it is unlikely that hydraulic fracturing 
would contaminate water sources in Ohio. A 2004 
EPA report found that, although fluids migrated 
unpredictably, hydraulic fracturing did not affect 
underground drinking water and posed no health 
risk. Representatives of the natural gas industry 
have made similar claims 
that hydraulic fracturing 
has never contaminated 
drinking water sources. 
These claims were used to 
exempt the natural gas 
industry from the Clean 
Water Act and the Safe 
Drinking Water Act when 
Congress enacted the 
2005 Energy Policy Act. 
 
Although the hydraulic 
fracturing method of inject-
ing fluids deep below the 
aquifer level may not be a 
source of contamination, 
this level and aquifers 
themselves must be drilled 
through. Casing failures in 
the drilling process may 

cause fracturing fluids or natural gas to escape 
and pollute aquifers and local water sources. 
There are also concerns over spills that can occur 
during transport or impoundment failures. Thus, 
whether hydraulic fracturing has contaminated 
water sources becomes an issue of semantics as 
to whether the cause is the actual hydraulic frac-
turing or the drilling, extracting, and spills.  Be-
cause of the potential impacts on water sources, it 
is important to be aware of the location of water 
sources compared to the location of shale re-
sources. Figures 24 and 25 on the next page 
show the water resources of the US (aquifers are 
differentiated by various colors). US water re-
sources and shale resources are clearly geo-
graphically overlapping though they are at differ-
ent depths (including in Ohio and Pennsylvania). 
 
In addition to accidental contamination in the drill-
ing and extraction process, water use and dis-
posal are also concerns. The hydraulic fracturing 
method requires at least a million gallons of water 
per well that is combined with chemicals and 
sand.  Sapien (2009) notes that approximately 9 
million gallons of wastewater per day were pro-
duced from Pennsylvania wells in 2009, and this 
amount is expected to increase.  This water by-
product contains elements and chemicals such as 
cadmium and benzene that are known to cause 
cancer.  There may be other toxic chemicals in the 
hydraulic fracturing fluid mix though energy com-
panies have continually refused to disclose these 
chemicals for proprietary reasons. Water byprod-
ucts also contain Total Dissolved Solids (TDS) 
that can make the water five times as salty as 

Source: Weinstein et al. (2010) using data from Meier (2002) 

Figure 23:  Carbon Emissions by Electricity Source22 

22. Life cycle emissions rates include the total aggregated carbon emissions over the life cycle of the fuel, including extraction, 
production, distribution, and use.  


