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BENCHMARKS FOR ASSESSING THE POTENTIAL IMPACT OF A
NATURAL GAS SEVERANCE TAX ON THE PENNSYLVANIA ECONOMY
ROSE M. BAKER & DAVID L. PASSMORE

Abstract
The Marcellus Shale natural gas play has the potential to provide an important source of energy for the U.S. and
to create significant economic impacts for Pennsylvania. However, the Marcellus Shale development
opportunity also has generated controversy about its potential environmental, safety, and health impacts.
Whether to impose a severance tax on natural gas produced—and the structure, rate, and exemptions for such a
tax—has been a focus of vigorous legislative and public attention and debate. A number of severance tax
proposals have been offered. The potential impact of a natural gas severance tax on the Pennsylvania economy
has received slight analytical attention, even though the Pennsylvania General Assembly intended to enact a
natural gas severance tax by October 1, 2010.
The research reported in this document was designed to estimate the magnitude of the impact on the
Pennsylvania economy of a Pennsylvania natural gas severance tax. We benchmarked the impact of every $100
million of revenue collected from a natural gas severance tax between 2011 and 2015 jobs, business sales,
income, and population in Pennsylvania. Of course, what is revenue for the Commonwealth is, at the same time,
a production cost for Pennsylvania gas producers. For this reason, we treated the revenue collected as a
production cost that gas producers cannot pass along to customers. Also, some yet–to–be–decided plan will
allocate revenue collected to state government and to local county and municipal governments. Therefore, we
also considered the economic consequences for Pennsylvania of spending the severance tax revenue collected
under various spending plans.
Severance tax and revenue spending plans that actually have been proposed are not evaluated in our analysis
because the revenue yield and spending distribution for each plan have not been specified completely by their
proponents. The revenue yields from each plan are dependent on the volume and price of gas extracted, which
are factors that are exogenous to any tax structure and rate plan. The spending distribution plans will evolve
through fiscal and political negotiation. As a consequence of these information constraints, we chose to
benchmark the impact of every $100 million in severance tax revenue collected—treated in our analysis as $100
million of production costs for the Pennsylvania oil and gas industry—on the Pennsylvania economy. In
addition, our benchmarks take into account the potential impacts of distributing each $100 million of revenue
through state and local spending and through deferring spending by saving some revenue to mitigate
environmental, safety, and health problems that might occur in the future. In this way, we seek to provide a
yardstick by which various tax and spending plans can be measured.
The REMI Policy Insight model (http://www.remi.com) was applied to simulate the outcomes of various
scenarios that describe the potential economic and demographic impacts of each $100 million of severance tax
collected, along with the current and deferred spending of these tax revenues by state and local authorities. We
found that each $100 million of production costs added to the Pennsylvania oil and gas industry from 2011
through 2015 could generate a small impact on Pennsylvania’s economy and demography. Also, each $100
million of spending by state and local governments, even if some is deferred, potentially more than makes up
for any losses resulting from each additional $100 million of production costs imposed by a severance tax. The
benchmarks for the potential impact of a severance tax on the Pennsylvania economy are subject to numerous
cautions, constraints, and uncertainties, some of which are discussed in this report.
The report ends with an open invitation to civil dialogue about the potential impacts of a severance tax using an
online discussion forum and social bookmarking tools. This conversation is started in this report with critical
comments from two independent reviewers about our estimates of the potential economic and demographic
impacts of a severance tax on natural gas extraction.
Our main conclusion is that a severance tax on natural gas extraction in Pennsylvania would increase costs for
gas drilling companies, but spending the resulting increase in state revenue generated by the tax could yield
positive, but small, impacts on the state’s economy and population.
This report was prepared using the resources and expertise of the Penn State Institute for Research in Training
& Development. Planning, conducting, producing, and distributing this report was not funded by any
organization, entity, or individual internal or external to Penn State.
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BENCHMARKS FOR ASSESSING THE POTENTIAL IMPACT OF A
NATURAL GAS SEVERANCE TAX ON THE PENNSYLVANIA ECONOMY
ROSE M. BAKER & DAVID L. PASSMORE

Focus
The Marcellus Shale natural gas play has the potential to provide an important source of energy for the U.S. and
to create significant economic impacts for Pennsylvania. However, the Marcellus Shale development opportunity
also has generated controversy about its potential environmental, safety, and health impacts. Whether to impose a
severance tax on natural gas produced—and the structure, rate, and exemptions for such a tax—has been a focus
of vigorous legislative and public attention and debate. A number of severance tax proposals have been offered.
The potential impact of a natural gas severance tax on the Pennsylvania economy has received slight analytical
attention, even though the Pennsylvania General Assembly intended to enact a natural gas severance tax by
October 1, 2010.

Marcellus Shale
The Opportunity Exists
The Marcellus Shale natural gas play1 has the potential to provide an important source of
energy for the U.S. and to create significant economic impact for Pennsylvania. The Marcellus Shale
geological formation is found throughout the Allegheny Plateau region of the northern Appalachian
Basin of North America. The Marcellus Shale geological formation runs across the Southern Tier and
Finger Lakes regions of New York, in northern and western Pennsylvania, in eastern Ohio, through
western Maryland, and throughout most of West Virginia, extending across the West Virginia state
line into extreme western Virginia (“Unconventional Natural Gas,” 2008).
According to an article in geology.com (“Marcellus Shale,” n.d.), the Marcellus Shale
formation lies beneath about 60% of Pennsylvania’s total land mass, where it is buried to depths of up
to 9,000 feet. Areas with the greatest potential for natural gas production exist where the shale is
present at least 5,000 feet below ground surface. The thickness of the shale formation in regions
where drilling might be feasible ranges between 50 and 250 feet.
The same article in geology.com reported that, in early 2008, Terry Englander, a geoscience
professor at Penn State, and Gary Lash, a geology professor at the State University of New York at
Fredonia, estimated that the Marcellus Shale formation might contain more than 500 trillion cubic
feet of natural gas. They further suggested that approximately 10% of that gas might be recoverable,
which would be enough gas to supply the entire U.S. for about two years and would hold a potential
wellhead value of approximately $1 trillion.
Controversy Continues
The potential offered by the Marcellus Shale development is agitating Pennsylvanians of all
political and ideological stripes. The Marcellus Shale Coalition (n.d.), a natural gas industry
association, asserted that “The development of natural gas from Marcellus Shale offers great potential
for the region’s economic future, as well as for thousands of individuals, families and small, locally–

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1

The term “play” is used in the natural gas industry to refer to a geographic area that is targeted for exploration and potential development.
An area comes into play when it is recognized that there is an economic quantity of gas to be found.
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owned businesses involved in extracting this clean–burning and abundant energy source from the
ground.” Considine, Watson, and Blumsack (2010) maintained that:
The prospects for future Marcellus development in Pennsylvania are promising. For example,
the spending planned by Marcellus producers in 2011 could generate more than $10 billion in
value added, nearly $1 billion in state and local tax revenues, and more than 100,000 jobs.
Our forecasting model of future Marcellus natural gas drilling and production suggests that
Pennsylvania could be producing more than 13 billion cubic feet of natural gas per day by
2020, which could make the Commonwealth the second largest producer of natural gas in the
United States. (p. 2)

Many stakeholders in the Commonwealth, especially groups concerned about the
environment, worry about the potential for adverse effects that could result if development of the
state’s Marcellus Shale resources is poorly regulated. For instance, fracturing of underground shale
formations often is accomplished by injecting a complex and proprietary mix of fluids and chemicals
under high pressure. One concern is the potential for drinking water contamination by toxic
substances in water used for fracturing. Another concern is for the potential for mishaps resulting
from errors in well drilling.
The possibility of toxic air emissions, including neurotoxins and carcinogens, near gas wells
is another concern. Additional worries involve the potential for loss of wildlife habitats, hazards from
trucking operations, damage to roads
from trucks carrying heavy loads of
water or equipment, and difficulties
of treating waste water from drilling
operations. Many communities
worry about threats of fires and
explosions of wells or gas gathering
lines near residences and schools.
And, the possible loss of land value
near gas wells is a concern for
landowners and for local tax
authorities.
Many professionals in the
natural gas industry believe, based
on their long experience and
accumulated skill in gas operations,
that few of these risks are likely to be
realized. As we have written
elsewhere (Baker & Passmore,
2010), aligning the public’s
perceived risks of Marcellus Shale
development with the actual risks might help the public and their elected officials balance these risks
with potential benefits.
Marcellus Shale development has gathered enough momentum to propel it forward in
Pennsylvania. Now or later…unbridled or restricted…taxed or untaxed. The facts of life about future
U.S. and Pennsylvania energy needs make Marcellus Shale an irresistible resource. Pennsylvania is
pursuing actively alternatives to its traditionally coal–based, oil import–based economy. In 2008,
Pennsylvania ranked seventh among the states in total Btu of energy consumed (U.S. Department of
Energy, 2009a, Table R1, p. 13). In the same year, Pennsylvania ranked fifth in expenditures for
energy, while it ranked nineteenth among the states in the price of energy per Btu (U.S. Department
of Energy, 2009b, Table R1, p. 17). Pennsylvania, like many other states, is attempting to reduce its
dependence on imported oil. In 2006, Pennsylvania Governor Edward G. Rendell estimated that

| BENCHMARKS FOR POTENTIAL PA SEVERANCE TAX IMPACT |

5

| INSTITUTE FOR RESEARCH IN TRAINING & DEVELOPMENT |!

Pennsylvanians were spending approximately $30 billion per year on imported energy fuels
(“Governor Rendell Unveils,” 2006, p. 1). Pennsylvania’s coal–fired electricity generation capacity
has dominated the Commonwealth’s power generation market for years and, in 2009, accounted for
45% of the state’s net electricity production (U.S. Department of Energy, 2010).

Severance Tax
The Pennsylvania General Assembly Intends to Enact a Severance Tax
The 2010–2011 Governor’s Executive Budget (Pennsylvania Office of the Budget, n.d.)
introduced by Governor Rendell during early 2010 included a new tax on the severance of natural gas
within the Commonwealth (p. A2.3). In general, a severance tax is levied on the extraction of
nonrenewable natural resources—such as crude oil, coal, timber, and natural gas—from land or water
bottoms within the territorial boundaries of a state. Pennsylvania is the only major natural gas
producing state that does not tax natural gas severance (see, “2007 Natural Gas Production and
Current Tax Rates,” n.d.).2
Pennsylvania Governor Rendell signed the 2010–2011 budget for the Commonwealth of
Pennsylvania, which, after legislative/executive branch negotiations, did not include a severance tax
on natural gas. Based on the enacted budget, the Pennsylvania Fiscal Code was amended by Senate
Bill 1042, Act 46, on July 6, 2010. The Code stated that the leadership of the Democratic House
Majority and the Republican Senate Majority of the Pennsylvania General Assembly intended to pass
legislation to enact a severance tax on natural gas extraction by October 1, 2010, with implementation
no later than January 1, 2011 (Pennsylvania Office of the Budget, n.d., p. 2).
Based on the General Assembly’s stated intentions, the enactment of a severance tax was
expected to be highly likely. However, enactment of this tax also was not anticipated to be easy or
without debate. The Pennsylvania General Assembly was scheduled to return from its summer recess
on September 13 (House) and September 20 (Senate), leaving few days remaining to enact the tax.
When the research behind this current report by the Institute for Research in Training and
Development was being conducted, Governor Rendell was on the stump promoting the severance tax.
During an August 27, 2010, meeting in Pennsylvania’s Tioga County, the Governor repeated his call
for the Pennsylvania General Assembly to enact a natural gas severance tax by October 1, 2010. Mr.
Rendell, a Democrat, was reported to have said “Pennsylvania is the 15th largest production state for
natural gas, but is the only major fossil fuel producer that does not levy a tax on natural gas
extraction. That's just not fair” (Barnes, 2010, ¶6).
In response to the Governor, Pennsylvania Lieutenant Governor Joe Scarnati, a Republican,
reportedly faulted what he described as “the governor's almost punitive approach toward the [natural
gas] industry” (Barnes, 2010, ¶10). Mr. Scarnati was said to have added that “It's my goal to fulfill the
obligation for Oct. 1, but I'm not going to fulfill it solely on what the governor wants or on what he
will or won't accept” (Barnes, 2010, ¶15).
A Variety of Severance Tax Proposals Have Been Offered
When this current report by the Institute for Research in Training and Development was in
preparation, a number of proposals were under consideration for implementation of a natural gas
severance tax in Pennsylvania. According to Muracca and Zahn (2010, ¶3), these tax proposals are
organized and differentiated by three factors: the structure of the tax; the tax rate; and exemptions
from taxation.
Muracca and Zahn (2010, ¶9–11) noted that a severance tax can be structured according to
either the volume or the value of the gas extracted—or a hybrid of both factors. The volatility of

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
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California levies an impact fee on gas extraction to pay for inspectors, but it is levied per MCF, so it works just like a tax would.
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natural gas prices factors into both types of tax structures. A tax based solely on the number of cubic
feet of gas extracted is relatively easy to administer. However, such a volume–based tax ignores
variation in gas prices. The state, under a volume–based tax, would not share in the relatively high
gas revenues that would result when gas prices are high. When gas prices are low, producers would
be paying a relatively high severance tax in proportion to the market value of the gas they extracted.
Also, the market value of the gas extracted can provide the basis for calculating a severance tax.
However, volatile natural gas prices make forecasting tax revenues difficult for state policy–makers.
Governor Rendell proposed a hybrid severance tax with the 2010–2011 Governor’s Executive
Budget (Pennsylvania Office of the Budget, n.d.). A variety of other severance tax proposals also
have been offered. In a brief analysis of the issues surrounding the Pennsylvania severance tax debate,
Muracca and Zahn (2010) summarized succinctly the severance tax proposals extant as of July 2010:
The earliest proposed taxes, including Governor Rendell's proposal, were hybrid taxes. These
include House Bills 325, 2435, and 2438 along with Senate Bills 905, 997, and 1254. With
the exception of House Bill 325, all of these bills propose a tax of 5 percent on the wellhead
value plus 4.7 cents/MCF extracted.…Pennsylvania House Bill 325 has proposed a higher
rate of 8 percent on the wellhead value and 8 cents/MCF extracted. (¶13)
More recently, several tax bills have been introduced that would apply a volume–based tax.
House Bill 1489 was originally a hybrid structured tax when it was introduced, but it has since
been amended to be a volume–based tax.3 Along with this bill, House Bills 2443 and 2579
have proposed a volume–based tax. The biggest variation among these bills is the base rate of
tax charged. On the low end, House Bill 2443 would charge an initial base rate of 25
cents/MCF extracted while House Bills 2579 and 1489 would charge a base rate of 30 cents
and 35 cents/MCF respectively. (¶14)
In order to allow the Commonwealth to benefit when fuel prices are high, all of these
volume–based severance taxes are adjusted based on an "Index." This Index is determined
each year based on the New York Mercantile Exchange Henry Hub settled price on March 31
for the previous 12–month period, as reported by The Wall Street Journal. If 5 percent of the
Index is greater than the base rate, then 50 percent of the difference between 5 percent of the
Index and the base rate will be added to the base rate for the coming year. In no case will the
tax rate fall below the base rate. (¶15)

Further complicating the understanding of severance tax plans are proposals exempting some
production from taxation entirely. According to Muracca and Zahn (2010, ¶17), all of the severance
tax bills introduced in the Pennsylvania House and two of the four bills introduced in the Senate
(Senate Bills 905 and 2579) contained a so–called “Stripper Well Exemption” that eliminates a
severance tax on wells producing less than 60 MCF per day.
House Bill 1489 contains an exemption designed to promote employment of Pennsylvania
employees. This exemption creates a tax credit for the gas producer of $2,500 for every Pennsylvania
job created, up to a maximum of $25 million annually per company. Legislators hope creative
exemptions such as this can maximize local economic growth that could result from Marcellus Shale
development (Muracca & Zahn, 2010, ¶19).
Wood (2010, p. 1) claimed that the natural gas industry in Pennsylvania seeks an exemption
from a severance tax for the first three years of well production. Following the production curve of a
typical Marcellus Shale well, this exemption, on top of the Stripper Well Exemption, would result in

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
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We note that House Bill 1489 is an example of the complexity of administration and accounting for severance tax obligations by natural
gas producers. HB 1489 proposes a minimum rate of 35¢/MCF severed from the wellhead for all wells or combination of wells producing
more than 60 MCF of natural gas per day at a single wellhead meter. The rate of the tax imposed is proposed to be adjusted annually by a
base rate adjustment index. If 5% of the average of the New York Mercantile Exchange Henry Hub settled price exceeds 35¢ for a 12–
month period ending on March 31, the base rate adjustment index would be added to the minimum rate of 35¢. If 5% of the settled price is
less than 35¢, than the tax will remain at 35¢. Under this tax calculation plan, we calculate that price increases during the 12–month period
from April 2008 to March 2009 would have been enough to increase the tax rate to 35.2479¢. Price levels during the 12–month period
from April 2009 to March 2010 would have returned the tax rate to 35¢.
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only one–third of total gas production at a typical Marcellus Shale well to be subject to a severance
tax, and companies would pay tax for only nine years of the 40–year life of a well.
The variety of tax structures, rates, and exemptions currently under consideration make
comparisons among tax proposals complex. Also, the revenue implications of the tax proposals have
not been calculated by their proponents, except for one. The 2010–2011 Executive Budget for
Pennsylvania introduced by Governor Rendell proposed a tax rate of 5% of the market value of the
natural gas at the wellhead + 4.7¢/MCF of gas severed. There is an exemption for wells that produce
less than 60 MCF of gas per day. Four–year projections of revenue from the severance tax included in
the Governor’s budget sum to $1.45 billion (Pennsylvania Office of the Budget, n.d., p. A2.3):
2011-2012
$260 million

2012-2013
$320 million

2013-2014
$396 million

2014-2015
$476 million

Whether these projections are expressed as nominal dollars or as inflation–adjusted dollars is not
specified in the Governor’s budget document. More importantly, the assumptions and methods behind
this revenue projection are not documented, so the validity of this projection and its fidelity to other
constraints facing the Pennsylvania economy are difficult to assess.
Questions About the Economic Impact of a Severance Tax Remain
When this current report was being prepared by the Institute for Research in Training and
Development, the Pennsylvania General Assembly had not yet enacted a natural gas severance tax.
Opinions vary about the potential impact of a natural gas severance tax. On one hand, Considine,
Watson, and Blumsack (2010) asserted that a severance tax would retard development of the
Marcellus Shale natural gas play and would reduce economic benefits of this development for
Pennsylvania:
Higher gas development costs in Pennsylvania due to regulations, climate conditions,
topography, labor costs, and other structural factors are partially offset by city gate prices
higher than the national average and the absence of a severance tax in Pennsylvania. The
imposition of any significant severance tax on Marcellus natural gas output could induce a
redirection of investment flows to other shale plays. Any revenues gained from a severance
tax could be offset by losses in sales and income tax receipts resulting from lower drilling
activity and natural gas production as producers shift their capital spending to other plays. (p.
v).

Using time–series data from 1993 through 2008 about natural gas prices and drilling activity4
in the Barnett Shale natural gas formation in Texas (see “Barnett Shale,” 2010), Considine, Watson,
Entler, and Sparks (2009) estimated that “for a one percent change in price, drilling increases 2.7
percent” (p. 27). From these data, Considine, et al., (2009) concluded that one particular severance tax
proposal (Governor Rendell’s proposal) would
result in more than a 30 percent reduction in wells drilled.…[and,] the imposition of a
severance tax on oil and gas production in Pennsylvania leads to an overall net reduction in
tax revenues in the state. In present value terms the net reduction is $880 million from 2009 to
2020. (p. 30)
Severance tax revenue gains are more than offset by declining state and local income taxes
resulting from lower drilling activity under the severance tax. The high level of drilling
activity in Pennsylvania is a function of relatively lower taxes. This competitive advantage
should be maintained as the Marcellus competes for capital and labor with other shale plays
around the nation. Imposing a severance tax at this early stage of development could
significantly inhibit the growth of the Marcellus gas industry in Pennsylvania. (p. iv)

On the other hand, some analysts point out that a severance tax would generate much needed
state government revenue, especially because clear evidence does not exist from previous studies
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Considine, et al., do not define in their report the measure of “drilling activity” they applied.
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conducted in other states that severance taxes inhibit gas production demonstrably (see evidence from
previous studies compiled by Wood, 2010). Supporters of a severance tax have presented a variety of
proposals for use tax revenue to compensate for any environmental and other spillover effects of
Marcellus Shale gas development as well as to help offset deficits to the General Fund in the
Pennsylvania state budget. In the 2010–2011 Executive Budget for Pennsylvania (Pennsylvania
Office of the Budget, n.d.) introduced by Governor Rendell, severance tax revenue would have been
deposited into a Stimulus Transition Reserve Fund, a new Commonwealth fund that would have
helped to replace revenues currently received through federal fiscal relief authorized by The American
Recovery and Reinvestment Act (2009). However, as indicated previously in this current report by the
Institute for Research in Training and Development, a natural gas severance tax was not included in
the state budget enacted for 2010–2011.
According to an August 2010 e–mail communication from PennFuture (2010), an
environmental advocacy organization, summarizing the results of a survey conducted in
Pennsylvania, three out of every four voters in both Pittsburgh and Philadelphia want the
Pennsylvania General Assembly to pass a severance tax. Support is even stronger in rural areas, with
84% supporting a tax. Three out of four Republicans support a severance tax, and 79% of Democrats
want the tax passed.5 PennFuture launched a “Keep the Promise” meeting tour through six
Pennsylvania regions during early September, 2010, to “make sure that a promise made is a promise
kept” by the Pennsylvania General Assembly to enact a severance gas tax (“Special Campaigns,”
2010).
Structural Economic View of the Magnitude of Any Severance Tax Enacted
From a structural economic viewpoint, a severance tax is an additional production cost to the
natural gas industry. The market price of natural gas is established nationally. Henry Hub is the
pricing point for natural gas futures contracts traded on the New York Mercantile Exchange. Henry
Hub is a location on the natural gas pipeline system in Erath, Louisiana (“Henry Hub,” 2010). Spot
and futures market prices set at Henry Hub generally are considered the primary prices established for
the North American natural gas market. Increases in regional production costs generally cannot be
passed along to customers. In this way, firms in the natural gas industry perhaps are best described as
“price takers,” who do not have the market power to alter their prices without losing their customers
to competitors.
All things being equal, increasing a price taker’s production costs eventually results in
reductions in output and, in that way, employment and, consequently, personal income of proprietors
and employees. This result especially is likely if production costs increase in Pennsylvania relative to
the rest of the U.S. (probably true because Pennsylvania is the only major gas producing state without
a severance tax). A major policy question at this juncture is not whether a severance tax will
negatively affect the Commonwealth’s economic output, employment, income, and population. It
certainly will. Rather, the question is, by how much?

Purpose of this Study
Impacts of Production Costs of the Tax & Spending of Tax Revenues Assessed
The research reported in the remainder of this document was designed to estimate the
magnitude of the potential impact of a natural gas severance tax on the Pennsylvania economy. We
benchmarked the impact of every $100 million of revenue that would be collected from a natural gas
severance tax between 2011 and 2015 on gross state product, employment, income, and population in
Pennsylvania. Of course, what is revenue for the Commonwealth becomes, at the same time, a
production cost for Pennsylvania gas producers. For this reason, we treated the revenue collected as a
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The organization that conducted the survey was not reported, and a report of the full results of the survey was not linked.
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production cost that gas producers cannot pass along to customers. Also, some yet–to–be–decided
plan will allocate revenue collected to state government and to local county and municipal
governments. Therefore, we also considered the economic consequences for Pennsylvania of
spending severance tax revenue collected under various revenue distribution plans.
Severance tax and revenue spending plans that actually have been proposed are not evaluated
in our analysis because the revenue yield and spending distribution for each plan have not been
specified completely by their proponents. The revenue yields from each plan are dependent on the
volume and price of gas extracted, which are factors that are determined exogenously to any tax
structure and rate plan. The spending distribution plans will evolve through fiscal and political
negotiation. As a consequence of these information constraints, we chose to benchmark the impact of
every $100 million in severance tax revenue collected—treated in our analysis as $100 million of
production costs for the Pennsylvania oil and gas industry—on the Pennsylvania economy. In
addition, our benchmarks take into account the potential impacts of distributing the $100 million
revenue through state and local spending and through deferring spending by saving some revenue to
mitigate environmental, safety, and health problems that might occur. In this way, we seek to provide
a yardstick by which various tax and spending plans can be measured.
Methodological Approach
The next major section of this report describes how we assembled benchmarks of the
potential impact of a natural gas severance tax on the Pennsylvania economy. Then, the benchmarks
that we estimated are tabulated and discussed.
We follow the presentation of these benchmarks of the potential impact of a severance tax
with a delineation and brief discussion of the cautions, constraints, and uncertainties of the
benchmarks. Of course, this approach seems like quibbling and probably is exactly the opposite of
what many policy–makers and the public would prefer to receive from policy–directed research. One
straight, certain answer to questions about a severance tax’s impact would seem more actionable.
However, we agree with Manski (2010) that
The public, impatient for solutions to its pressing concerns, rewards those who offer simple analyses
leading to unequivocal policy recommendations. These incentives make it tempting for researchers to
maintain assumptions far stronger than they can persuasively defend, in order to draw strong
conclusions. The pressure to produce an answer, without qualifications, seems particularly intense. (p.
3)

Manski (2010) describes the painful extraction of fragile policy implications from
unexamined assumptions as “incredible certitude” (p. 1). Manski (2007, pp. 7–8) illustrated with a
classic Washington, D.C., political anecdote the pressures to provide “one best way” answers to
policy questions:
A perhaps apocryphal, but quite believable, story circulates about an economist’s attempt to describe
his uncertainty about a forecast to President Lyndon B. Johnson. The economist presented his forecast
as a likely range of values for the quantity under discussion. Johnson is said to have replied, “Ranges
are for cattle. Give me a number.” (pp. 7–8)

Manski’s antidote for this problem requires nothing short of straightforward honesty, courage, and
authenticity.
Manski (2010, p. 2) described the logic of inference through the following equation:
assumptions + data ! conclusions.
If policy analysts and the policy–makers and the public that they serve ignore the assumptions
undergirding an analysis and no deductive errors of reasoning are identified, simple, straightforward,
unambiguous conclusions are implied by the data. If, however, analysts allow the assumptions to vary
over a plausible range (they are, after all, assumptions, not certainties), then a range of conclusions is
possible. However, as Manski (2010) noted, policy researchers often ignore these uncertainties in
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their policy reports because they believe that policy–makers and the public “are either
psychologically unwilling or cognitively unable to cope with ambiguity” (p. 4).
Even worse is when the path of a policy study starts with conclusions and, then, reaches for
data to support conclusions decided a priori, which is an approach that is defined best as advocacy,
not as research. The crossover from research to advocacy is not necessarily always heavy–handed or
devious. Rather, this crossover can occur subtly and thoughtlessly when assumptions are not stated,
when methods are not disclosed, and when the language used in research reporting is fuzzy and
imprecise.
Our assessment of much of the body of emerging policy literature dealing with
Pennsylvania’s Marcellus Shale development opportunity is that assumptions conditioning the
research often are not disclosed, discussed, and examined. Also, some studies appear to represent
more of an advocacy approach than a research approach because assumptions and methods are not
fully disclosed. Therefore, we have chosen to include a section, titled “Cautions, Constraints, &
Uncertainties,” in this report in which we take a sharp poke at our own benchmark findings. In
addition, we include another section, titled “An Open Invitation to Civil Dialogue,” in which we
solicit challenges, extensions, comments, and questions about our benchmarks to be posted on an
interactive web site that we have created.
We do not pretend to have the best or last word on the potential impact of the natural gas
severance tax. Rather, we believe that specification of viewpoints that differ from or challenge ours
will help to shape the discussion around the severance tax, specifically, and about Marcellus Shale
development, in general.

Benchmark Assessment Method
The REMI Policy Insight model was applied to was applied to simulate the outcomes of various scenarios that
describe the potential economic and demographic impacts of each $100 million of severance tax collected, along
with the current and deferred spending of these tax revenues by state and local authorities.

Structural Economic & Demographic Model of Pennsylvania: REMI Policy Insight
The Pennsylvania REMI Policy Insight model (REMI, 2009), a structural economic and
demographic model containing 70 industrial, government, and farm sectors which is leased from
Regional Economic Models, Inc. (“About Us,” 2010), was applied in this study to create benchmarks
of the potential impact of a natural gas severance tax on the Pennsylvania economy.6
The Pennsylvania REMI Policy Insight model tracks the complex interindustry relationships
that deliver industrial output in Pennsylvania for personal consumption expenditures, government
demand for goods and services, fixed investments, and domestic and international exports. It
documents the role that these destinations for industrial output play in supporting jobs and income
throughout the Pennsylvania economy.
The REMI Policy Insight model synthesizes information from many sources—to name a few:
U.S. Bureau of Economic Analysis employment, wage, and personal income series; U.S. Bureau of
Labor Statistics employment and wage data; and County Business Patterns data collected by the U.S.
Bureau of the Census in conjunction with the Social Security program. The Pennsylvania REMI
Policy Insight model contains historical data from 1990 through 2007 and is capable of forecasting

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
6

The Penn State WED Initiative (http://wedi.psu.edu), a Penn State Outreach/College of Education research alliance with which the
Institute for Research in Training and Development is a partner, holds a perpetual, annually maintained lease for a REMI Policy Insight
model covering the entire Commonwealth of Pennsylvania and the nation as a whole. Partners in the WED Initiative have developed
technical skills in specifying, conducting, and reporting forecasts and policy analyses using various REMI models. For the curious and
technically–minded, a complete specification of the REMI Policy Insight model—including endogenous linkages, equations, and data
sources—is provided at “REMI PI+” (2008), Treyz (1993), and Treyz, Rickman, and Shao (1992).
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over the period from 2008 through 2050. The REMI Policy Insight model combines opportunities for
economic and demographic forecasting with simulation of “what ifs” about Pennsylvania’s economy
and demography.

Figure 2. Linkages in the REMI Policy Insight Model Among Economic Output; Labor and Capital Demand; Population and Labor Supply;
Wages Prices, and Costs; and Market Shares (Source: “REMI PI+,” 2008, p. 3)

Shown in Figure 1 are the major paths of economic and demographic interrelationships inside
the Pennsylvania REMI Policy Insight model. This figure summarizes symbolically a large number of
equations that form the fundamental mathematics and econometrics behind the model.7 The REMI
Policy Insight model contains five major blocks of linked equations:
•

The output and demand section of the Model (Block 1) accounts for Pennsylvania economic output that is
created by sales of industry products and services for personal consumption, government spending, fixed
investment, and net exports.

•

The labor and capital demand section (Block 2), first, models demand for nonresidential structures and
equipment. Then, Cobb–Douglas production function technologies are used to model substitution between
capital and labor and to determine the amount of labor needed to deliver a unit of economic output (i.e., a
calculation of labor intensity embedded in production). Industrial employment requirements are calculated
by multiplying labor intensity by industrial output (Block 1). Occupational staffing patterns within each
industry parse industry employment by occupation.

•

The population and labor supply section (Block 3) accounts for the effects of demography on the
Pennsylvania economy as well as the effects of the economy on demography. For instance, the size of the
Pennsylvania population affects government spending because many government services (e.g., health,
education, and safety) are delivered on a per capita basis. Moreover, the size of the Pennsylvania
population is affected by economic conditions. For instance, migration into and out of Pennsylvania is
affected by Pennsylvania employment opportunities and wage rates relative to the rest of the U.S. The
model contains algorithms for forecasting births, deaths, and net migration due to immigration, migration
of retirees and former military personnel, and economically–induced migration.

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
7

Some readers might be more familiar with use of IMPLAN (http://www.implan.com) to model Marcellus Shale impacts. The REMI
Policy Insight Model contains historical data from and allows forecasting through 2050. An input–output model, on which IMPLAN
focuses, is the core around which REMI is built. The REMI model provides extensive dynamic modeling of final demand and its
determinants over time, while IMPLAN is a static model calibrated to one benchmark year of National Income and Product Accounts (see
Rickman & Schwer, 1995, for a comparison between IMPLAN, RIMS II, REMI models and Lynch, 2000, for an analysis of the
comparative dynamics of IMPLAN and REMI).
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•

The compensation, prices, and costs section of the model (Block 4) determines wage rates, prices for
regional and nationally–competitive industries, and profits for nationally–competitive industries. Wages are
a function of, among other factors, relative employment opportunities and consumer price changes. The
model calculates costs of fuel, labor, capital, and intermediate products. Profitability is affected by costs
and selling prices. The relative profitability of industries affects regional, interregional, and international
market shares held by the industries.

•

The market shares section of the model (Block 5) is divided into two types of shares: regional market
shares for Pennsylvania and Pennsylvania’s export shares. Regional shares are the proportion of
Pennsylvania demand fulfilled by industries in Pennsylvania. Export shares include domestic and
international exports and are affected mostly by changes in production costs. Because firms do not move to
Pennsylvania instantly as a result of changes in costs, the model contains empirically estimated lags
between cost changes and changes in export shares. Increases in regional shares substitute Pennsylvania or
U.S. products for imports.

The REMI Policy Insight model can produce quite detailed estimates—economic output,
value–added, and gross state product by industry; employment by industry, occupation, and source of
demand; all components of personal income, including personal taxes; changes in relative prices and
costs by industry; and components of population change and labor force participation by sex, age, and
ethnic group. In addition, all of these impacts could be calculated under various natural gas price and
demand schedules to allow the sensitivity of the outcomes of the study to be assessed. However, due
to time and other resources constraints,8 the simple benchmark estimates presented in this report focus
on major economic/demographic indicators for Pennsylvania: employment; gross state product; real
disposable personal income; and population.
The REMI Policy Insight model was applied in this study to forecast the following major
economic and population indicators from 2011 through 2015:
•

Employment = The number of Pennsylvania jobs, full–time plus part–time, by place of work. This
definition means that employment is reported in this study as a count of Pennsylvania jobs, not as a
measure full–time equivalent jobs. Also, this is not a count of the jobs held by Pennsylvania residents (who
might work out of state), but of the jobs in Pennsylvania (which might employ nonresidents of
Pennsylvania). Total and private, nonfarm employment are tabulated separately in this report.

•

Gross state product = The dollar value of economic output of Pennsylvania goods and services, excluding
intermediate inputs. Gross state product is equal to consumption + investment + government purchases +
net exports (exports – imports). This measure is presented in real dollars—that is, in dollar values that are
adjusted for inflation, with 2000 as the base year.

•

Real disposable personal income = Disposable personal income (personal income—including: wages and
salaries; dividends, interest, and rent; and transfer payments—minus personal taxes and contributions to
social insurance that is converted from place–of–work to place–of–residence) that is deflated by a price
index. This measure is the real disposable income of Pennsylvanians (some of whom might work out of the
state), not the income earned in Pennsylvania (some of which might be earned by nonresidents of
Pennsylvania).

•

Population = Mid-year estimates of the number of people residing in Pennsylvania, including survivors
from the previous year, births, special populations, and three types of migrants (economic, international,
and retired). Population change is affected by changes in total migration, changes in special populations
(i.e., prisoners, the college population and military personnel and their dependents), natality rates, and
survival rates. The REMI Policy Insight model is unique because it joins Pennsylvania population changes

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
8

This study began on August 27, 2010, with the aim of reporting estimates of the potential impact of the severance tax before September
13, the date on which the Pennsylvania General Assembly was scheduled to return after its summer recess. Only a few days in session
were available for the General Assembly to consider a natural gas severance tax by the October 1 deadline agreed when the Pennsylvania
Fiscal Code was enacted on July 6. In addition, this report about benchmarking the impact of a natural gas tax was not funded by any
organization, entity, or individual internal or external to Penn State (see “About This Report,” which is the final section of this document).
In one way, this lack of funding constrained the amount and kind of analysis that could be specified, conducted, and reported. However, at
the same time, the lack of external or internal sponsors for this research could support the perception among readers that sponsor bias was
minimized in the manner in which this work was planned, conducted, and reported.
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to economic changes in Pennsylvania through specific equations and, through these equations, captures
their joint and reciprocal effects. For instance, an increase or decrease in Pennsylvania employment and
income opportunities could stimulate or retard, respectively, migration in and out of the state. In addition,
changes in the production costs and profitability of Pennsylvania industries could cause firms to migrate to
or from the state, which, in turn, could induce or dampen migration of individuals to and from the
Commonwealth.

Counterfactual Analyses of Severance Tax Scenarios Assessed with the REMI Model
A counterfactual analysis involves studying a hypothetical scenario that is “counter to the
facts” of reality. A counterfactual condition entails “What if…?” questions that represent thought
experiments about propositions that run counter to the facts. For instance, how would an economy
have grown and changed if an activity or event did not occur? Pertinent to our analysis, how would
the Pennsylvania economy perform and how would its demography be affected if a severance tax was
enacted on natural gas production? Moreover, what would be the impact of spending these tax
revenues by state and local authorities in Pennsylvania.
The counterfactual analyses implemented in this research involved only alterations of
production costs of the Pennsylvania oil and gas industry9 that would be added as a result of revenue
generation and changes in revenue spending schemes. No other economic or demographic factors
were altered. In addition, our analyses do not simulate the alteration of the Pennsylvania economy by
projections of actual production costs that could result through collection of a severance tax and by
plans for spending of revenue collected. Rather, we simulated benchmark amounts: every $100
million of production costs to the Pennsylvania oil and gas industry; every $100 million of revenue
spending.
As diagrammed in Figure 2, a baseline forecast was created, first, to provide a picture of
Pennsylvania’s economy and demography under the ordinary path of growth and change that is
anticipated between 2011 and 2015 under the condition that the severance tax is not enacted. In this
way, the baseline forecast was a “plain vanilla,” status quo scenario. Then, the counterfactual
approach involved subtracting the forecast made with the added production costs due to the severance
tax and spending of the severance tax revenue from the baseline forecast. The difference between the
baseline forecast and the policy forecast represented a forecast of the potential impact on
Pennsylvania’s economy and demography of every $100 million of added production costs to the oil
and gas industry due to the severance tax on natural gas as well as the potential impact of every $100
million tax revenue spent.

Figure 2. The Impact of a Natural Gas Severance Tax and Spending of Tax Revenue is the Difference Between Forecasts With and
Without Taxing and Spending Included

The following five specific “what if?” scenarios about production costs to the oil and gas
industry created by the natural gas severance tax and distribution of tax revenues spent and deferred
by governments are reported in the next major section of this report:

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
9

The REMI industrial sector to which these production costs were added corresponds to North American Industrial Classification System
(NAICS; http://naics.notlong.com) code 211, oil and gas extraction, which is classified in NAICS as a subsector of the Mining sector
(NAICS 21). According to the U.S. Bureau of the Census (2004), “Industries in the Oil and Gas Extraction subsector operate and/or
develop oil and gas field properties. Such activities may include exploration for crude petroleum and natural gas; drilling, completing, and
equipping wells; operating separators, emulsion breakers, desilting equipment, and field gathering lines for crude petroleum; and all other
activities in the preparation of oil and gas up to the point of shipment from the producing property. This subsector includes the production
of crude petroleum, the mining and extraction of oil from oil shale and oil sands, and the production of natural gas and recovery of
hydrocarbon liquids.”
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1.

$100 million production costs added to the oil and gas industry;

2.

$100 million production costs added to the oil and gas industry plus $100 million tax revenue spent (90%
state spending; 10% local spending);

3.

$100 million production costs added to the oil and gas industry plus $100 million tax revenue spent (70%
state spending; 30% local spending);

4.

$100 million production costs added to the oil and gas industry plus $100 million tax revenue spent (50%
state spending; 50% local spending); and

5.

$100 million production costs added to the oil and gas industry plus $100 million tax revenue spent or
deferred (60% state spending; 20% local spending; 20% deferred to activities such as the Environmental
Stewardship Fund (Growing Greener) (Durgin, 2010), the Hazardous Sites Cleanup Fund, or the Oil and
Gas Environmental Disaster Recovery Fund for eventual spending at some unknown time of need in the
future)

The first scenario provides solely an assessment of the impact of increased production costs
to the oil and gas industry that every $100 million of revenue collected could create. However, tax
revenue that is collected eventually will be distributed. Specified in scenarios 2 through 5 are various
plausible break points for the distribution of tax revenues for spending by state government and local
governments and for deferment for emergency use. These scenarios do not map particular gas revenue
distribution criteria currently under consideration. Rather, these scenarios were chosen to examine a
range of state/local/deferred spending mixes.

Benchmarks
Each $100 million of production costs added to the Pennsylvania oil and gas industry from 2011 through 2015 is
associated with a small negative potential impact on Pennsylvania’s economy and demography. Also, each $100
million of spending by state and local governments, even if some is deferred, potentially more than makes up for
any losses resulting from added production costs due to a severance tax.

Displayed in Table 1 are employment, gross regional product, income, and population
benchmarks from 2011 through 2015 of the potential impact on the Pennsylvania economy resulting
from:
•

Each $100 million of production costs imposed on the Pennsylvania oil and gas industry as a result of each
$100 million of natural gas severance tax revenue generated; and

•

Each $100 million of natural gas severance tax revenue distributed, according to each of four
counterfactual spending scenarios, to state government and local governments as well for deferment for
later emergency use.

In general, these tabulations indicate that each $100 million of production costs added to the
Pennsylvania oil and gas industry from 2011 through 2015 is associated potentially with small
changes in Pennsylvania total employment, private nonfarm employment, gross state product, real
disposable personal income, and population. However, each $100 million of spending by state and
local governments, even if some is deferred, potentially more than makes up for any losses resulting
from added production costs due to a severance tax.
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Table 1. Potential Impact of Each Additional $100 million of Oil and Gas Industry Production Costs and Each
a
Additional $100 million of State, Local, and Deferred Spending on Pennsylvania Employment, Gross
b
State Product, Real Disposable Personal Income, and Population, 2011–2015
Economic/Demographic Indicator
Baseline Forecast & Counterfactual Scenario

2011

2012

2013

2014

2015

6,943,429

7,004,174

7,065,715

7,124,107

7,161,437

Total Employment
Baseline forecast
Counterfactual scenario
1. $100 million production costs only

—————— Deviation from baseline ——————
–111

–182

–234

–272

–292

2. Production costs + $90 million State & $10 million Local Spending

+1,930

+1,812

+1,683

+1,560

+1,445

3. Production costs + $70 million State & $30 million Local Spending

+1,934

+1,815

+1,688

+1,564

+1,449

4. Production costs + $50 million State & $50 million Local Spending

+1,939

+1,820

+1,693

+1,568

+1,455

5. Production costs + $60 million State & $20 million Local Spending & $20 million Deferred

+1,525

+1,416

+1,304

+1,197

+1,103

6,058,489

6,120,874

6,184,309

6,244,894

6,285,288

Private Sector, Non-Farm Employment
Baseline forecast
Counterfactual scenario

—————— Deviation from baseline ——————

1. $100 million production costs only

–101

–167

–216

–249

–267

2. Production costs + $90 million State & $10 million Local Spending

+709

+636

+556

+479

+410

3. Production costs + $70 million State & $30 million Local Spending

+710

+638

+558

+480

+412

4. Production costs + $50 million State & $50 million Local Spending

+712

+640

+560

+482

+413

5. Production costs + $60 million State & $20 million Local Spending & $20 million Deferred

+548

+477

+403

+335

+277

$460,938

$473,222

$485,721

$498,220

$510,430

Gross State Product (million2000$)
Baseline forecast
Counterfactual scenario
1. $100 million production costs only

—————— Deviation from baseline ——————
–$8

–$13

–$17

–$20

–$22

2. Production costs + $90 million State & $10 million Local Spending

+$102

+$97

+$91

+$85

+$79

3. Production costs + $70 million State & $30 million Local Spending

+$103

+$97

+$91

+$85

+$79

4. Production costs + $50 million State & $50 million Local Spending

+$103

+$98

+$91

+$85

+$79

5. Production costs + $60 million State & $20 million Local Spending & $20 million Deferred

+$80

+$75

+$69

+$64

+$59

$400,919

$410,927

$420,933

$431,557

$441,634

Real Disposable Personal Income (million2000$)
Baseline forecast
Counterfactual scenario

—————— Deviation from baseline ——————

1. $100 million production costs only

–$8

–$12

–$16

–$18

–$20

2. Production costs + $90 million State & $10 million Local Spending

+$56

+$55

+$53

+$52

+$50

3. Production costs + $70 million State & $30 million Local Spending

+$57

+$55

+$53

+$52

+$50

4. Production costs + $50 million State & $50 million Local Spending

+$57

+$55

+$53

+$52

+$50

5. Production costs + $60 million State & $20 million Local Spending & $20 million Deferred

+$44

+$42

+$40

+$39

+$36

12,768,334

12,879,642

12,998,064

13,121,187

13,248,346

Population
Baseline forecast
Counterfactual scenario

—————— Deviation from baseline ——————

1. $100 million production costs only

–25

–53

–85

–114

–143

2. Production costs + $90 million State & $10 million Local Spending

+402

+716

+964

+1,160

+1,318

3. Production costs + $70 million State & $30 million Local Spending

+403

+718

+966

+1,165

+1,321

4. Production costs + $50 million State & $50 million Local Spending

+405

+720

+969

+1,168

+1,325

5. Production costs + $60 million State & $20 million Local Spending & $20 million Deferred

+317

+563

+757

+913

+1,033

Source: Analysis of Pennsylvania REMI Policy Insight model (REMI, 2009) by staff of Penn State’s Institute for Research in Training & Development.

a
b

The amount of spending deferred was not entered into the simulation for scenario 5. So, scenario 5 involved $80 million divided between state and local spending.
Production costs and spending were entered into the simulations as nominal dollars; outputs of simulations for gross state product and real disposable personal income are presented as real dollars.
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Additional production costs in the Pennsylvania oil and gas industry could reduce
employment primarily in oil and gas extraction itself, retail trade, and construction. Spending by state
and local governments could increase employment primarily in state and local government. In the
private nonfarm sector, which does not include government, the largest increases in employment are
possible in construction and retail trade. The potential net effect of the tax and spending scenarios we
examined would be a reduction of employment due to exports (higher production costs make the
Pennsylvania oil and gas industry relatively less competitive compared with the rest of the U.S.).10
Our simulations benchmarked the addition of $100 million of production costs and $100
million of spending. We examined, but do not report here,11 whether the potential impacts calculated
are linear with respect to increases in costs and spending. We performed the same simulations at $0.5
billion and $1 billion cost and spending points. Impacts also changed linearly over these cost and
spending points, rather than through some other functional form. Some caution is required, however.
This finding of linearity merely means that the Pennsylvania REMI Policy Insight model does not
show a nonlinear response to changing costs and spending. Actual responses by the Pennsylvania
economy from 2011 through 2015 might follow some other functional form.

Cautions, Constraints, & Uncertainties12
The benchmarks for the potential impact of a severance tax on the Pennsylvania economy that were presented in
this report are subject to numerous cautions, constraints, and uncertainties, some of which we detail.

The Timing & Nature of the Actual Implementation of a Severance Tax Might Vary
Our study was based on the fundamental assumption that the Pennsylvania General Assembly
would enact a natural gas severance tax for implementation by January 1, 2011. The intention to enact
a tax was written into the Pennsylvania Fiscal Code in July 2010, so a natural gas severance tax is
likely. However, if the implementation of a severance tax is delayed after January 1, 2011, the
potential impacts that we delineate in this study are foreshortened through 2015.
No assumptions could be made reasonably about the tax structure, tax rate, and tax
exemptions to which the General Assembly would agree, the production response of the oil and gas
industry to the presence of a gross production tax, the Henry Hub price of natutral gas over 2011
through 2015, and, as a consequence, the amount of tax revenue that would be generated by a
severance tax. For these reasons, a benchmark amount of severance tax revenue, $100 million, was
examined.

Response to the Scale of the Production Costs Imposed by a Tax Might be Nonlinear
As described in the previous major section of this study, the analytical tool that applied to
generate potential impact estimates, the Pennsylvania REMI Policy Insight model, responds linearly
to increases in production costs and state and local government spending. Nonlinearity of response
could either dampen or accelerate the impacts of the tax beyond our estimates. However, we note that
the policy scenarios and the baseline forecasts diverge over time, with, generally speaking, increases

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
10

These conclusions were drawn from examining detailed outcomes from simulation studies, but the detailed findings from which these
conclusions were drawn are not tabulated in this current report. Copies of the REMI Policy Model output produced by these simulations
are available, upon request, from the authors (Baker—rmb194@psu.edu; Passmore—dlp@psu.edu).

11
12

Again, available, upon request, from either author of this report.
Many of the arguments in this section probably rely more on technical jargon and discussion about specialized techniques and methods
than did previous sections of this report. However, many of the cautions, constraints, and uncertainties that limit this study have their
roots in technical matters.
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in the number of jobs foregone as a result of an increase in production costs and decreases in the
number of jobs gained as a result of revenue spending.

The Natural Gas Extraction ! the Oil & Gas Extraction Industry
The Pennsylvania REMI Policy Insight Model uses a taxonomy of industry sectors that is
roughly equivalent to three– and four digit NAICS codes. The oil and gas extraction sector examined
in the Pennsylvania REMI Policy Insight is equivalent to NAICS code 211, which includes more
production activity than natural gas production. This NAICS code includes, among other activities,
oil production. It is likely that the dollar value of natural gas production exceeds the value added by
oil production in Pennsylvania, but making this comparison is difficult because natural gas is priced
in $/MCF, and oils is priced by the gallon or barrel. Estimates of the potential impact of a severance
tax will be mistargeted if oil production is a significant portion of oil and gas production in
Pennsylvania.13
At the core of the Pennsylvania REMI Policy Insight model is information about interindustry
transactions among industrial producers and purchasers. These records of transactions documents,
among many other factors, purchases made along the supply chain of the Pennsylvania oil and gas
industry. However, the pattern of purchases along this supply chain, which amounts to the
Pennsylvania oil and gas industry’s production function, probably differ between oil producers and
natural gas producers. Moreover, relatively new–to–Pennsylvania Marcellus Shale gas production
methods, which apply deep drilling methods and require complex drilling technologies, probably
differ from shallow well technologies and methods that dominated production in Pennsylvania
historically. As a result, the production function for Marcellus Shale well production probably is
different than for shallow well production. Due to the depth and relative complexity of drilling
required for Marcellus Shale gas extraction, it also is likely that Marcellus Shale gas production is
more capital intensive than shallow well production. The Pennsylvania REMI Policy Insight model
does not account separately for oil from gas production or shallow from deep well gas production. As
a result, analyses presented in this report might underestimate the total impact that a natural gas
severance tax might create.

Market Price = Henry Hub Spot Price?
One of the peer reviewers of this report cautioned that, “There are sometimes meaningful
price differences at the regional level. This is particularly the case when considering a mix of wet and
dry natural gas. And, pipeline transportation charges are not trivial so location does sometimes
matter.” And, another reviewer indicated that, “While Henry Hub sets spot and future market prices
for natural gas, according to the U.S. EIA website,14 there are regional differences in the actual
natural gas pricing. The prices are not set at a national equilibrium and therefore firms might have
market power to shift the cost increase onto consumers.” Final consumer prices can take processing
and transportation costs into account. The consequence if this caution is realized is that consumers,
not producers, would bear the burden of a severance tax. Producers would, then, feel indirectly the
effects of the tax to the extent that consumer demand for natural gas is price elastic and that choices
among fuel types are cross-elastic with respect to price.

The Relationship Between Taxing & Spending Probably is Complex & Lagged
Assumed in the analysis for this report is that severance taxes that are collected will be
distributed, even if some of the revenue is deferred for emergency spending situations. An additional

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
13

14

One of the peer reviewers of this report indicated that comparisons between oil and gas production can be accomplished by converting
production from both oil and gas “to BTUs and the prices can be stated in terms of $ per mm Btu.” One CF of gas yields 1,027 Btu.
http://gasmarketprice.notlong.com.!
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assumption is that there is no friction between the act of taxing and the act of spending. That is,
assumed is no tax revenue would be consumed in the administration of the tax. In our simulation
design a dollar taxed is a dollar that state and local governments will spend or defer. Of course, tax
programs have administrative costs, so the total impact of state and local government spending of
severance tax revenues in this report probably is overestimated. However, one moderating factor is
that the impact analysis presented in Table 1 (difference between “Total Employment” and “Private
Nonfarm Employment” panels) captures significant state and local government employment that tax
spending would generate.
Assumed in the potential impact analyses provided in this report is that tax revenues are spent
in the same calendar accounting year in which they are generated. The impact estimates provided in
this report will be misallocated to the extent that spending does not occur in the same period as
taxing.

The Nature of Spending is More Detailed than Portrayed in this Study
The Pennsylvania REMI Policy Insight model funnels allocation of government spending to
only two categories: state–level spending and local–level spending. Government spending cannot be
allocated in more detail. For instance, it is not possible to allocate spending to social assistance
agencies, to infrastructure development, or to public safety agencies separately rather than to other
activities. Any spending allocated to state or local governments stimulates all activities of these
governments. As a result, estimates of the potential impact of severance tax revenue and spending
might be overheated to the extent that activities would appear to be be funded that actually would not
be distributed in practice.

New Spending Occurs, Not Substitution for Revenue Shortfall
We assumed that severance tax revenue would generate new spending by state and by local
governments, and that this revenue would not be used to maintain status quo in the state and local
economies by substituting for revenue shortfalls that the recent recession has caused. However, state
and local governments often use new funds, such as revenue allocated from a severance tax, to
support current spending, not to generate new net spending. For instance, economic stimulus funds
available through The American Recovery and Reinvestment Act of 2009 (2009) were used to
maintain existing government services, transfer payments, and employment that were in jeopardy due
to declines in collection of tax receipts (Solomon, 2010). If tax revenue substitutes for revenue
shortfalls, then the potential impacts of the revenue spending are overestimated in Table 1. Perhaps a
conservative approach to interpreting these spending effects is to treat the jobs, business sales,
income, and population impacts in Table 1 as economic activity and population saved from loss rather
than gained.

Our Instrument for Assessing Impacts Might be Too Blunt
We treated severance tax revenue as a production cost to the oil and gas industry in
Pennsylvania. In the Pennsylvania REMI Policy Insight model, production costs affect the domestic
and international market shares of an industry, which, in turn, affect exports from the economy,
specifically, and economic output, generally. However, the model does not identify cost drivers that
are specific to particular industries, such as the oil and gas industry. In addition, individual firms that
extract natural gas might have their own particular calculus, embedded in a broader firm strategy, for
weighing the impact of added production costs on their production decisions. Also, such matters as
regulations and access to pipelines are likely to factor into the decision–making process. The
Pennsylvania REMI Policy Insight model does not capture these industry– and firm–level factors. For
these reasons, the counterfactual analyses presented in this report by the Institute for Research in
Training and Development probably is not be sensitive enough to capture micro–production decisions

| BENCHMARKS FOR POTENTIAL PA SEVERANCE TAX IMPACT | 19

| INSTITUTE FOR RESEARCH IN TRAINING & DEVELOPMENT |!

that would be based on the actual production costs that the natural gas extraction industry and firms
within it experience.

An Open Invitation to Civil Dialogue
We extend an open invitation to civil dialogue about the potential impacts of a severance tax using an online
discussion forum and social bookmarking tools. We start this conversation with critical comments from two
independent reviewers about our estimates of the potential economic and demographic impacts of a severance tax.

Starting the Conversation
To open dialogue about the estimates of the potential impact of a natural gas tax on the
Pennsylvania economy that are provided in this report, we invited several independent reviewers to
provide their critical comments about a next–to–final draft of this report. The reviewers had access to
virtually the entire report and viewed our full and final estimates of the potential impact of a
severance tax on natural gas in Pennsylvania. The reviewers’ unedited comments are displayed with
their permission.
Jim Peach
Jim Peach
Regents Professor of Economics
New Mexico State University
P. O. Box 30001/MSC3CQ
Las Cruces, NM 88003
e–mail: jpeach@nmsu.edu

This study by Rose M. Baker and David L. Passmore provides carefully constructed and
methodologically sound estimates of the potential impact of imposing a severance tax
on natural gas in Pennsylvania. Because specific proposals for the severance tax are not
yet well defined, the study examines the effects of a hypothetical $100 million in
severance taxes as well as five scenarios regarding the spending of the tax revenue. The
general conclusion is that a severance tax of $100 million would have relatively small
negative effects on Pennsylvania employment, Gross State Product (GSP), real
disposable income, and population. These small negative effects are more than offset by
the positive effects of state and local government spending made possible by the
severance tax.
In evaluating the analysis, two main questions arise. First, is the REMI PI+ model the
appropriate tool to use? Second, if the REMI model is appropriate was the analysis
performed correctly? Both questions are addressed in the report, but some additional
comments may be appropriate from a frequent user of the REMI model and other
regional models.
First, the REMI model is an appropriate tool for the problem at hand. The REMI model
is used extensively by both public and private sector analysts to assess the impact of
various policy scenarios including energy policy scenarios. The properties of the model
are well known to regional economists and policy analysts. More importantly, using
other popular regional models such as IMPLAN (http://Implan.com) or RIMS II
(www.bea.gov) would require an a priori assumption about the effects of the tax on
natural gas output. That is, IMPLAN and RIMS II do not incorporate a method for
translating increased production costs due to the proposed severance tax into reduced
industry output. In the REMI model, increased production costs (such as the imposition
of a tax) are transformed into output and employment changes.
Second, was the analysis using the REMI model performed correctly? The short answer
is yes but an explanation is in order. The use of a hypothetical figure (in this case $100
million) as the tax is to be preferred over any attempt to model specific severance tax
proposals. There are simply too many tax proposals under consideration (and any of
them are likely to be modified before adoption) to adequately model each one
separately. The hypothetical figure is a technique in common use and I use the same
general approach in many policy situations. Allocating the $100 million to production
costs in the oil and gas extraction sector (NAICS 211) is also appropriate. In the REMI
model, the increased production costs result in decreases in output and employment in
the Pennsylvania oil and gas extraction sector and subsequently modest decreases in
output and employment in other sectors. That these decreases are more than offset when
the additional tax revenue is spent should not be surprising. Oil and gas extraction is not
a labor intensive activity. That is, each oil and gas extraction worker produces a great
deal of output. In contrast, state and local government expenditures are labor intensive.
In other words, a given expenditure by state and local government will generate more
employment than the same expenditure in oil and gas extraction. Because workers
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(including proprietors) spend their income and there are multiplier effects of the
expenditures, state and local government expenditures will produce larger total effects
on the economy.
Baker and Passmore should be congratulated for providing enough information about
the policy simulation that others could repeat these policy experiments. Although I do
not have access to the Pennsylvania REMI model, I repeated the policy simulations
described in the report using the New Mexico REMI model as an additional check. New
Mexico’s economy differs from that of Pennsylvania in many ways including the fact
that New Mexico already has a severance tax on natural gas. Nevertheless, the modeling
exercise is similar. In this case I added $100 million to production costs in New
Mexico’s oil and gas extraction sector and then allocated the tax revenue to state and
local government spending as in the Pennsylvania study. In the New Mexico case, the
$100 million can be regarded as a severance tax increase rather than as the imposition
of a new severance tax. The modeling exercise produced results that were similar to the
Baker-Passmore simulations. That is, the increase in the severance tax produced small
decreases in employment, output, and real disposable income. New Mexico model
simulations in which the revenue was spent by state and local governments resulted in
net positive impacts on the New Mexico economy. The results of the New Mexico
simulations can be obtained on request.
The discussion of “Cautions, Constraints, and Uncertainties” is excellent. I would add
to this list a discussion of natural gas prices as a major uncertainty concerning the
effects of a potential severance tax. Whether the tax is volume based, market value
based, or a hybrid tax with some mixture of price and volume, the price of natural gas is
likely to be a dominant factor in how firms respond to the tax. This morning (September
8, 2010), the Henry Hub spot price was $3.81 per mcf. In June 2008, the Henry Hub
Spot price reached $13.07 per mcf—roughly 3.5 times the current price (Energy
Information Administration, Short Term Energy Outlook, Table 5c, available at
http://www.eia.gov ). It is likely that producers will be much more sensitive to a
severance tax (no matter how it is structured) at low natural gas prices than at high
prices. Nationally, drilling activity and prices are closely related. The problem, of
course, is that no one can accurately predict natural gas prices through say 2015. This
comment takes nothing away from the analysis in the report, but price volatility should
be considered as another major source of uncertainty.
The open invitation to a civil dialog concerning the impacts of a potential severance tax
is a refreshing and useful addition to the report.
Finally, most economic impact studies of policy alternatives are paid for by someone or
some group with a stake in the outcome. Baker and Passmore should be applauded
loudly for doing this report without compensation. This adds greatly to the credibility of
the study.!!

Michael Wood
Michael Wood
Research Director
Pennsylvania Budget
and Policy Center
412 N. Third Street
Harrisburg, PA 17101
e–mail:
mwood@pennbpc.org

The Institute for Research in Training & Development’s new study on the impact of the
proposed natural gas severance tax in Pennsylvania offers an important, transparent, and
independent perspective on this politically charged issue. The explicit statement of
assumptions, constraints, and uncertainties associated with the study provide an
opportunity for open discussion that has largely been absent in the Shale tax policy
discussion.
From a practical perspective, the study’s results make sense. Natural gas development is
a heavily capital intensive industry, while state and local government spending is more
labor intensive. Much of the investment in the development of the Marcellus Shale is
coming from out-of-state, and the profits would largely flow back out of the state
economy. To the extent that a severance tax would cause decreased investment in the
development of the Marcellus Shale, it would seem likely that much of the lost
investment would have been in the form of capital expenditures, with a much smaller
impact on labor employed in Pennsylvania.
Conversely, the state and local government spending that is financed by a severance tax
would be predominantly reinvested into Pennsylvania’s economy. Much of the revenue
would be used to provide labor-intensive services, such as health care, education, and
public safety, within Pennsylvania. These investments add to the state’s employment
base, increase disposable income within the state, and growing gross state product.
When these impacts are combined, the overall effect of the severance tax on natural gas
extraction on Pennsylvania’s economy will likely be positive.
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Additional Opportunities for Dialogue
This report was the basis for an October 5, 2010, presentation, Impact of a Natural Gas
Severance Tax in Pennsylvania, made by the authors at the 25th Annual REMI Users’ Conference in
Austin, Texas. A web site was created displays the visual
presentation that supported our oral presentation and
provides a link to download a copy of this current report
from the Social Science Research Network:
http://PA-SevTax.notlong.com

In addition, this web site contains a discussion forum to
promote dialogue about the assumptions, data, and
conclusions offered in this report, viewpoints about a
severance tax on natural gas, and the policy issues
surrounding the Marcellus Shale development in
Pennsylvania. Civil, analytical discussion of these matters is
invited by correspondents whose contributions are logged by IP address and are required to be
identified by the name of the correspondent. Open, lively discussion is encouraged.
We used del.icio.us (http://del.icio.us) for social bookmarking of web sites and other Internet
assets related to Marcellus Shale development and to information and issues about a natural gas
severance tax for Pennsylvania. Bookmarked sites are available at:
http://del.icio.us/tag/psu-marcellus
http://del.icio.us/tag/psu-severancetax
To contribute to this effort, we request that del.icio.us users apply the tags, psu-marcellus, and psuseverancetax, to information they locate on the web related to, respectively, the Marcellus Shale
development and the Pennsylvania Severance tax. To start social bookmarking, learn more about
del.icio.us at:
http://www.delicious.com/help/learn
We created the following videos to help people use del.icio.us as a collaborative tool in our research
projects:
•

http://Get-Del-Acct.notlong.com to learn how to establish a del.icio.us account;

•

http://Get-Del-Buttons.notlong.com to learn how to obtain del.icio.us button tools for your web browser;
and

•

http://Get-Del-Tagging.notlong.com to learn how to tag Internet resources.

YouTube videos related to del.icio.us and its use are available at:
http://www.youtube.com/results?search_query=social+bookmarking+del.icio.us&aq=f

Conclusion
The research reported in this document was designed to estimate the magnitude of the impact
on the Pennsylvania economy of a Pennsylvania natural gas severance tax. A severance tax on natural
gas extraction in Pennsylvania would increase costs for gas drilling companies, but the resulting
increase in spending of state revenue could yield positive, but small, impacts on the state’s economy
and population.
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