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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

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.

I ncreased production of US natural gas in recent

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-r un | mpact s. They
sources curseod0 phenomenon
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 fAcreate and
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

r ef

s u ptheo indusitries.ocSemerof th2se effedisin@ludg disfilexe-

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
miningd i.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
industryods empl oyment sh
rot a najor diaver dfrjob grawthafdr anreatire state
a she sizeiofa@h® dr Perindylhaniat Dueing thel one
year span October 2010-October 2011, U.S. Bureau
of Labor Statistics dat
ployment rate fell from 9.7 to 9.0% or 0.7% (without
shal e devel opment ), whi
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-
intensived or a dollar of output is associated with
significantly fewer workers.

The costs of natural gas include the effects it has on

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




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 compatri-
son to Ohiobs 5.1 mill:i
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 Dakotads Bak
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
Pennsyl vaniads experienc
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 driling 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

ocanlongnhistory af lemargyebogmsé that dustrateschatn -

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-

kirag iromsa mew develapmegtiisoofien igrmneddand(it5 )

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 year s. Yet,
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-

epmenWiequibes pernganest joB) and @hOs ipde-b s

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

60i mpact d
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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 industryd in this case energy develop-
mentd will be its long-term savior.
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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.! 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.

I n thei-Terfmshbrdr gy Outl oo
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
AAnnual Energy Outl ooko
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 Afrackingo, h a
from shale more efficient and cost effective. This has
brought natural gas potential to new areas as evidenced

Introduction

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 fAcreate

Shale gas offsets declines in other U.S. supply to meet
consumption growth and lower import needs
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Figure 1. Shale Gas Prospects

U.S. shale gas production increased 14-fold over the last
decade; reserves tripled over the last few years
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by the increased drilling in Pennsylvania. Although still a Source: US EIA Annual Energy Outlook 2011

small percentage compared to Texas, growth in shale
gas production in Pennsylvania is growing rapidly and

Figure 2: Shale Gas Areas of Production

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/repari+business/economy/econo#ab/theeconomists/whameedspipelines

the-oil-bucketbrigadeis-ready/article2268015/

and

produc-
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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, AThis wild.l be
Ohi o since the plowo
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
t hat the early stages

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
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
fidi spl acemento i mpact

poll ution

industries such as tourism and fishing. In 2010,
tourism employed approximately 400,000 people in
Pennsylvania whereas the natural gas industry em-

then a bigger industry could be put at risk from ex-
pansion of the natural gas industry, though we note
that much of
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
Ainatur al resources cur s
energy development. One reason for the limited

o feffeCtd of ®@egy dbeelomnend [ MatchtDisease,

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

t h gloydu iclgser €¢0s26,00@ (Bartim, @01Q0; BLS)t Ihteur-s t at e
( V ésm duffers as & @sulf gf the natuddb gas iodustry,
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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.® 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 coald i.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 fienergy
foreseeable future as increased electrical demand
and the growing reliance on US natural gas will pri-
marily be at the expense of US coal.*

can have on

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 fAcreatedod and

fi starrp pconorhie dévelopmenty permanent jolt ceeatiorswouddf be

necessaryd or 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.

. 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.

. 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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Source: US EIA

Figure 3: 2010 Natural Gas Consumption by
End Use

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
sized which is quite a stretchd overall U.S. em-
ployment would only be marginally effected
(BLS).> This is not surprising as natural gas like
much of the energy sector (including alternative

5. The calculation of total natural gas employees uses the methodology of IHS Global described in more detail in note 7 and we

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.

use U.S. Bureau of Labor Statistics Data to derive the employment figures.
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Hydraulic Fracturing Overview

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.

I nnovations in hydraulic fracturing are the reasons

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 natur al gas is collec
watero can be reused in o
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-
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Figure 4: Natural Gas Mining Methods
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Hydraulic Fracturing

Hydraulic fracturing, or
“fracing,” involves the injection
of more than a million galions
of water, sand and chemicals
at high pressure down and
across into horizontally drilled
wells as tar as 10,000 foet
below the surface. The
pressurized mixture causes
the rock layer, in this case the
Marceilus Shale, to crack.
These fissures are hold open
by the sand particles so that
natural gas from the shale can
flow up the well.
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Figure 5: Hydraulic Fracturing

need

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.

t
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Source: US EIA
Figure 6:

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,
Dougl as Southgate of Th
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.

US Shale Resources

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
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Figure 7. Ohio Shale Resources




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-

Source: ODNR (Aug, 2011)

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




