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EXECUTIVE SUMMARY

The minerds industry accounts for a substantia share of tax revenues to the State
and to loca governmentsin Wyoming. In FY 98, taxes directly paid by the minerds
industry totaled $542 million and represented about 42% of State and local tax collections
(Tax Reform 2000 Committee 1999). These revenues were obtained primarily from
severance and property taxes levied againgt the value of production of ail, natura gas,
cod, trona, uranium, and other mineras. Periodicaly, snce 1983, the Wyoming
Legidature has granted tax incentives (see Appendix A) to the minerasindudtries for the
purpose of stimulating production, tax collections, and job creetion across the State.
Wyoming is not unusud in thisregard: Other minera producing states dso grant amyriad
of tax exemptions and incentives (usudly discounts againg exigting tax liabilities) for
gpeciad situations faced by operators. 1n 1999, the Wyoming Legidature appropriated
funds for an econometric study of the effects of minerd tax incentives granted under
current law (1999 Wyoming Session Laws, Chapter 168, Section 3). This report
summarizes results of this study for the oil, gas, and cod indudtries.

By saute, and by agreement with the L egidative Subcommittee overseeing this
project, this report must address two questions. First, to what extent do mineral taxes, tax
incentives and environmenta regulations increase or decrease tax collections to Wyoming
entities as compared with amounts that would be collected in thelr absence? Second, to
what extent do taxes, tax incentives and environmenta regulations ater employment and
other economic activity in Wyoming as compared with what would occur in their
absence? These questions are interpreted broadly; for example, the term “Wyoming

entities’ refers to state government, politica subdivisons (such as cities, towns, counties,



and school digtricts), and other specid ditricts. Employment and other economic activity
in Wyoming refersto al sectors of the State' s econony, not just those closely related to
minerd extraction. Findly, and perhaps most importantly, the study not only evauates
exigting incentives and regulations, it aso develops aframework that can be used to
support future decisiontmaking on State tax policy.

Chapter 2 presents background by looking at the economic effects of al major
types of taxes and roydties levied on the oil and gasindustry by federd, Sate, and loca
governments in the United States. This background isimportant for three reasons. Firgt,
it provides the pergpective needed to eval uate the incidence or ultimate burden of an
increase in taxes or dimination of tax incentives. In the case of Wyoming oil and gas,
taxes are shifted backward entirely to operators and resource owners. Wyoming oil and
gas production represents only atiny fraction of the world market for petroleum products
and, therefore, producers in Wyoming are price-takers, not price-makers. Second, the
review introduces the concept of an effective tax rate. Effective tax rates are particularly
useful in accounting for effects of tax incentives, such as those that have been granted to
oil and gas producersin Wyoming. For example, an effective severance tax rate on
Wyoming oil production can be computed by dividing total oil severance tax payments by
the value of oil production. Because this calculation focuses on actud tax payments, it
fully accounts for dl applicable tax incentives. All of the andyses presented in this report
are based on effective rates of taxation so that tax incentives can be gppropriately
modeled.

Third, the review underscores the fact that different types of taxes have different

economic effects. Important taxes levied on the oil and gas industry can be grouped into



three broad categories, production (severance and ad valorem), property and income.
Production taxes are levied on the vaue (or volume) of the oil and gas asit is extracted
from the ground or at the point of first sde. Thistype of tax is seen by producers as an
increase in production costs and tends to lower output by causing margina wellsto be
shut-in at earlier dates than they would be in the absence of the tax. Conversdly, achange
in aproperty tax rate levied on reserves in the ground, or equipment, tends to increase the
rate of current production as producers have an incentive to “mine out from under the
tax.” Findly, agate or federa corporation income tax levied on the accounting profits of
the ail and gas firm (the difference between total revenue and total costs) would be
predicted to have no effect on current production. The objective of the firmisto
maximize profits, and therefore, atax on net revenue should not dter the rate of output.
Rdiance on these three types of taxes differs substantialy between the eight Sates
responsible for about 73% of U.S. oil and 83% of U.S. gas production (Alaska, Cdifornia,
Kansas, Louisiana, New Mexico, Oklahoma, Texas, and Wyoming). All states except
Cdifornialevy production taxes againg the gross vaue of output. Most states do not levy
property taxes on the value of reservesin the ground (Texas and Californiado). Most
dtates treat royaty payments (computed as a percentage of gross vaue of production) for
production on public land as deductible items in computing severance tax ligbilities
(Louisana and Kansas do not). Most states levy a corporate income tax on income that
gppliesto oil and gas operators (Wyoming and Texas do not). Louisiana permits federa
corporate income tax payments to be deducted againg its state corporate income tax
lighilities, but this feeture is not currently available in the other five Sates that levy Sate

corporate income taxes. All states define tax bases differently and levy taxes at different



rates. Within states, counties gpply their own mill levies to compute property taxes on
above-ground and down-hole equipment at different rates. Tables 2.1 and 2.2 summarize
differencesin tax rates in selected years for the eight mgjor oil and gas producing states.
These comparisons use effective tax ratesin order to account for differencesin tax
incentives between states. This report primarily andlyzes changesin production taxes and
production tax incentives. Wyoming relies heavily on production taxes at the sate and
local leve to support public services. Also, tax incentives for oil and gas producers (see
Appendix A) are discounts from production (severance) tax liabilities.

Chapter 3 develops an empirical framework that can be used to show how changes
in taxes, tax incentives, and environmenta regulations dter the timing of exploration and
production by firmsin the oil and gas industry in Wyoming and in other dates. This
framework embeds econometric estimates into Pindyck’ s (1978) widely cited dynamic
modd of exhaudtible resource supply. The modd is estimated using published data on
drilling, production, reserves, and costs from industry sourcesincluding the American
Petroleum Indtitute and from government sources including the U.S. Department of
Energy. Federd, state, and local effective tax rates dso are built into the modd. Federa
tax data also were obtained from published sources; however, state and loca oil and gas
tax data were mostly obtained from State government sources.

Themodd has seven advantages. Firgt, it can be applied to any of 21 U.S. dtates
(incdluding Wyoming) thet produce significant quantities of oil and gas. Second, the
mode can be used to assess the impact on drilling and production of a change in any tax
or tax incentive that currently existsin any of these sates. Third, the model accounts for

interactions between taxes and tax incentives levied or offered by federd, state, or loca



governments. Fourth, the mode can be used to compute the effects on drilling and
production of any environmenta regulation that affects oil and gas operations and
interactions between regulations, taxes, and tax incentives are fully accounted for. Fifth,
the modd is based on awiddy accepted theoretica framework that links exploration to
development to extraction. Sixth, the mode accounts for differencesin the qudity of ail
and gas produced between states as well as differences in trangportation costs by adjusting
the wellhead price to reflect these agpects. Seventh, the modd runsin Microsoft Excel
and istherefore quite smple to use. For these reasons, the modd is arguably superior to
and more comprehensive than previous efforts to develop econometric and/or smulation
models of taxation and regulation of natural resource exploration and production.

The modd aso has three limitations that ought to be recognized. First, data used
to implement the modd certainly are not perfect. Dataon oil and gas extraction cods are
particularly weak. However, the best quality public data available have been used to
develop the model. Second, the model does not envision interactions between states that
arise from changesin tax or regulatory policy. In other words, the model shows that atax
incentive offered in Wyoming may increase oil and gas drilling and production there, but
does not indicate the source of these additional investment dollars. Correspondingly, the
model shows that atax incentive offered in, say, Oklahomamight affect exploration and
production there, but does not dlow for the fact that a portion of the effect might spill
over into Wyoming. Simplifications must be made in the development of any mode and
these particular smplifications are made for two reasons. (1) Accounting for interstate
effects would result in only minor changes in results presented. (2) A fully interactive

andyss of oil and gas activity in different states would be quite complex and more



difficult to develop. Third, the mode does not account for deviations from a gtrict dollars
and cents, profit-maximizing point of view of investment decisons. Business decisonsin
certain Stuations may have broader motivations than pure profit maximization; yet, profit
maximization is probably the best single rule that can be used to predict how these
decisonswill be made. None of these limitations, however, are serious enough to
invaidate the generd conclusions presented in the report.

Chapter 4 uses the modd to Smulate the effects of changesin tax policy in
Wyoming and in five additiond oil and gas producing states. Effects of tax changesin
Wyoming are heavily emphasized in the discussion, and results are reported for other
gtates mainly for purposes of comparison. Four of these tax change scenarios dedl with
actuad Wyoming production tax incentives and results are shown in Table ES.1. All of
these scenarios assume that oil and gas prices will be maintained at current levelsin redl
termsin perpetuity. Chapter 4 considers other possble future price trgjectories, but these
dterations have little or no effect on the results presented below.

One scenario considered envisions a once-and-for-all 2 percentage-point reduction
in the state severance tax on Wyoming oil production. According to the modd, this tax
change resultsin only asmadl stimulus to production and drilling. Output of oil and gas
would rise by atotd of 50 million barrels of oil equivaent (BOE) (0.7%) over the next 60
years as compared with a base case in which taxes do not change. Regarding drilling, the
effect of the tax change is somewhat greater. Over the 60-year life of the program, the tax
cut contemplated would result in additiona drilling of 1119 wells. This figure represents a
2.3% increase in total wells drilled as compared to the base case in which taxes do not

change. This scenario would reduce the present value (at a 4% discount rate) of ol
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severance tax collections by 17% over the 60-year time consdered, but would result in
increased sales tax collections by about 2.3% because of the increase in drilling. A variant
of this scenario dso is considered in Chapter 4 that envisions a 2 percentage- point
severance tax reduction on oil for one year and an elimination of thistax incentive after
that ime. Thistax incentive resultsin atiny increasein drilling activity over 60 years (13
wells) and virtudly no change in production activity.

In a second scenario, the severance tax is reduced in perpetuity on al new oil and
natura gas production by 4 percentage points. Thistax incentive resultsin anincreasein
drilling by 5.6% and a 1.7% increase in natural gas output over a 60-year time horizon.
However, thisincentive resultsin aloss in present vaue (again usng a 4% discount
factor) of severance tax revenue of about 43%. This large reduction in severance tax
revenue occurs because as time goes by, new production accounts for an increasing
percentage of tota production. Again, severance tax losses are partidly offset by
increased saestax collections (due to increased drilling), but the overdl story isone of a
subgtantial net lossin tax revenue. Table ES.1 aso shows results of additiondl
smulations for a perpetua 2 percentage-point reduction in the severance tax on tertiary
production and a perpetua 4 percentage- point severance tax reduction on well workovers
and recompletions. As shown in the table, production, drilling, and tax consequences of
these two incentives are smaller than for the previous incentives consdered.

A key question regarding these smulation results is Why is the response of il
and gas output so smdl when production taxes are changed or tax incentives are gpplied?
There are four reasons why thisisso. Firgt, areduction in production taxes (or an increase

in tax incentives) offers no direct dimulusfor exploration. This point is discussed more
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fully below. Second, production taxes and tax incentives are deductible againgt federa
corporate income tax liabilities. Thus, when production tax rates fall (or production tax
incentives are increased) federd corporate income tax ligbilitiesrise and vice-versa. In
fact, taxes or tax incentives should not be analyzed independently without reference to the
entire tax structure gpplied by dl levels of government; for example, atax incentive
granted a one levd may be partidly offset by increased ligbilities at another leve.
Therefore, operators do not receive the full value of tax incentives that may be granted by
Wyoming and other states. Third, and in arelated vein, areduction in production tax rates
by, say, 2 percentage points has only asmal impact on the net-of-tax price received by
operators. For example, suppose that the wellhead price of oil is $25/bbl. and that the
Wyoming oil severance tax rate declines by 2 percentage points. Based on tax data
reported in Chapter 4, this tax reduction would increase the net-of-tax wellhead price seen
by operators from $17.52 to $17.92, an increase of only $0.40/bbl. after al federa, Sate,
and local taxes, tax incentives, and royalties are accounted for. Such asmdl increasein
the net-of-tax price per barrd of ail is unlikely to have much impact on production.

Fourth, and most importantly, production of (as contrasted with exploration for) ail
and gasis driven mainly by reserves, not by prices, production tax rates, or production tax
incentives. Thisisabadc fact of geology and petroleum engineering and is easily
illugtrated by Wyoming's own history of oil production. For example, since 1970,
Wyoming oil reserves steadily dedlined from 1 billion barrelsto 627 million barrdsin
1997. In other words, despite much exploration over the past 30 years, production has
drawn down reserves faster than new discoveries have added to them, atrend that islikely

to continuein the future. Also, during the past 30 years, oil production declined from 160
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million barrdsin 1970 to 70 million barrdsin 1997. In fact, oil production continued to
decline during the late 1970s and early 1980s even though oil prices rose by afactor of
more than 10, from about $3/bbl. to more than $30/bbl.! Thus, even comparatively large
price increases or tax reductions are not expected to cal forth much additiona output.

Another type of incentive that could be designed might be amed at reducing
drilling cogt. For example, consider a hypothetica incentive that would reduce drilling
cost by 5%. An example of such an incentive might involve state support for an gpplied
research program leading to technologicad advance in exploration methods. If drilling
costs were reduced by 5%, total wells drilled would rise by 9.3% and production would
rise by 2.6% over the assumed 60-year life of the program. Notice that increasing
incentives to explore for oil and develop oil reserves directly simulate drilling through
which new reserves can be identified. Increasesin drilling activity, in turn, lead to
production increases because production is largely driven by reserves. In generd,
“upgtream” incentives given at the beginning of the exploration-development- production
process provide a greater stimulus to production than *“downstream” incentives given a
the end of the process. Whereas an incentive for drilling directly simulates thet activity, a
discount from the severance tax does nothing to directly simulate drilling—operators get
the benefit of thistax incentive only if they drill and only if they are successful.

The contrast between atax incentive for drilling and a discount from the severance
tax can beillustrated by congdering changes in production tax collections resulting from
each. Asshown in Table ES.1, aonce-and-for-dl 2 percentage- point reduction in sete oil
severance taxes, assuming a4 percent discount rate, results in a decline in the present

vaue of Wyoming state severance tax collections by $562 million (from $3242 million to



$2680 million), adecline of over 17 percent. On the other hand, atax incentive resulting
in a5% reduction in drilling costs results in additiona severance tax collections of $58
million. Also, locd ad val orem taxes would rise because of the incentive on drilling by
$68 million because of the associated increase in output. Of course, atax incentive for
drilling would have to be paid for and if the state Smply subsdized the cost of drilling

each new well by 5% over the next 60 years, the present vaue of the resulting subsidy
would be $616 million. Thisfigure far exceeds the additiond severance and ad valorem
taxes that would be collected. However, if the “incentive’ was designed to directly
support for an applied research program, the return in production tax revenue may exceed
the cost of the program. Of course, not al applied research programs are effective and
this report takes no position regarding whether such a program should be initiated.
Nevertheless, thistype of program at least offers the progpect of leveraging the state’s
resources to provide program support, whereas, discounts from the severance tax hold out
no such possibility.

As previoudy mentioned, it is important to recognize that changes in severance tax
payments by oil and gas producers dter tax ligbilities at the federd level because
severance taxes are deductible in computing federd corporate income tax liabilities. If
producers face amarginal federal corporate income tax rate of 35%, then a$1 reduction in
severance tax payments resultsin a $0.35 increase in federd corporate income tax
ligbilities. Thus, a declinein Sate severance tax collections $562 million (as was the case
with a permanent 2 percentage point reduction in the severance tax on ail) resultsin an
increase in federd tax collections of about $197 million, holding everything €se congtant.

A key conclusion hereis that reduced severance tax rates shift public funds from the state



to the federal government. Of course, when Wyoming is able to choose atax incentive
that increases tax collections, the transfer of public funds goes on the opposite direction,
from the federad government to the State of Wyoming. Additiondly, any production
stimulus obtained from a tax incentive granted at the Sate level benefits loca
governments as ad valorem taxesrise.

Chapter 5 shows how oil and gas exploration and production decisions have been
dtered due to differences in stringency of application of environmentd and land use
policies on private and federd property. Animportant part of the andysisis acost
function estimated from 1390 wells drilled in the Wyoming Checkerboard over the period
1987-98. Edtimates presented suggest that environmental and land use policiesreaultin
drilling cogts that are at least 10% higher on federd property, thus retarding current
development of oil and gas resources there as compared with cogts that might be expected
on private property. Implications of this result for future exploration and extraction of oil
and gas then are developed by inserting these estimates into the model developed in
Chapter 3. An advantage of this approach isthat it accounts for the extent to which
increased cogts arising from regulation are deductible againg tax ligbilities faced by the
indudtry.

The resulting model then is Smulated to obtain effects of more stringent
goplication of environmenta regulations prevailing on federd property. Similar to the
gmulations for tax changes presented in Chapter 4, attention is directed to exploration and
production. Two states are considered, Wyoming and New Mexico. These states were
chosen because a comparatively large percentage of their oil and gas reserves are benesth

federa property. The smulations show that environmenta regulations have the effect of
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retarding exploration and production and shifting drilling to the future. Thus, amore
stringent gpplication of environmental regulations on federd land promotes removing
only the best qudity reserves and leaves more oil and gasin the ground at the end of the
extraction program. Because environmental and land use regulations apply largely to
drilling activity, they have Szeable effects on future drilling and production. In fact,
reducing stringency of environmenta and land use regulations would have Smilar effects
to an improvement in technology that appliesto drilling. Reducing stringency of
gpplication of environmenta and land use regulations on federd property in Wyoming to
the leve of that found on private property would increase state and local production tax
collections by 3.5% over the next 60 years.

Chapter 6 provides an overview of effects of changes in taxes and environmenta
regulations on the Wyoming cod indudtry. Generd industry trends considered include the
rgpid rate of industry growth, generdly faling mine-mouth prices snce the mid 1980s, the
shift away from sales of cod on long-term contracts and towards sales in the spot market
instead, and the penetration of new and more distant markets. Transportation issues aso
are discussed and focus here is on the behavior of railroads in the 1980s and 1990s after
passage of the Staggers Act largely freed them from price regulation. Cod producing
areas of Wyoming currently are served by at most two railroads; in consequence, an
important issue concerns the possibility that lack of competition has led railroads serving
Wyoming to hold considerable market power over both mines and utilities. Data from the
Energy Information Adminidration (USDOE) indicates that coal transportation rates
declined and typical shipment distances increased over the period 1980-93, yet the

possibility of non-competitive freight rates for coa remains apossbility. This chapter
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aso provides a brief discussion of the 1990 Clean Air Act amendments pertaining to coa-
fired power plants, aswell as an explandaion of state and locdl taxation of thisindustry in
Wyoming.

Chapter 7 builds on the descriptive information presented in Chapter 6 and
develops a conceptua modd showing how Wyoming's production of cod is affected by a
change in production tax rates and by the impostion of atorymiletax on cod tonnage
hauled by railroads. The mode focuses on interrelationships between three important
agents in the market for coa, mines, railroads, and dectric utilities. Mines, of course, are
the suppliers of cod and utilities are the main end userswho use cod as an input in the
generation of dectricity. Railroads, which provide transportation of cod, areincluded in
the model because freight costs may represent as much as 80% of ddlivered cod prices.
Key aspects of the mode are that coal mining is trested as a competitive industry, and
railroads are assumed to exercise market power in setting trangportation rates faced by
utilities. This characterization may seem surprising because the exercise of market power
by dl playersin the coa market has been a dominant theme in previous research; yet
numerous changes in the industry in recent years (outlined in both Chapters 6 and 7)
suggest that the framework adopted here captures the main features of the problem to be
andyzed.

The conceptud modd then isimplemented by inserting empirica estimates of key
parameters. These estimates are obtained using two confidentia data sets, one on cogts of
surface cod mining in the Powder River Basin and the other on costs of hauling cod from
various points in Wyoming to 244 eectric power generation plants. Also, estimates of

demand for Wyoming coal, obtained from publicly available data from the Federd Energy
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Regulatory Commission, dlow the economic market area for Wyoming cod to change
with changesin the delivered price. For example, these estimates alow for an expansion
of the “economic reach” of Wyoming coa as ddlivered pricesfal. Usng these estimates
jointly with the conceptua mode developed, numerica predictions are provided of effects
of two tax changes, a 2 percentage-point reduction in the coa severance tax and the
imposition of a $0.0001 per ton/mile tax on railroads hauling cod.

The effect of reducing the Wyoming severance tax by 2-percentage pointsfrom
7% to 5% of the value of coad produced causes output of cod to rise by 1.42 MMST
(0.47%) and causes the mine-mouth price of cod to fal by about $0.12. Also, the average
delivered price of cod fals by about $.02, so that the freight rate per ton of cod hauled
along aroute of average length rises by about $0.10 or 0.77%. Thus, the tax reduction has
the effect of reducing mine-mouth prices seen by the coa industry, but the market power
of railroads to set freight rates means that delivered prices seen by utilities change little,
Asareault, the increase in quantity of coal demanded by utilitiesisreatively smal. On
the other hand, the tax rate reduction would drive down coa severance tax collections by
about 27%. The genera conclusion, therefore, isthat a2 percentage-point coa severance
tax rate reduction would result in acomparaively smal increase in cod productionand a
comparatively large reduction in coa severance tax collections.

Also, the $0.0001 per tor/mile tax on railroads hauling cod leadsto a0.30 MM ST
reduction in the quantity of cod produced, a percentage decline of about 0.10%, while the
mine-mouth price cod, its the delivered price, and the railroad freight rate are left
virtualy unchanged. The very low rate of tax explains why these effects are so smdl.

However, higher tor/mile tax rates would lead to greater reductions in cod output and,
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perhaps more importantly, would lead to reductions in mine-mouth cod prices and
increasesin the ddivered price of cod to utilities. Thus, railroad freight rates rise because
their market power over both mines and utilities enables them to drive a degper wedge
between mine-mouth prices of cod and ddivered prices of cod seen by utilities. Inany
case, an gpproximation to the total revenue to be collected from this tax (as adopted by the
Wyoming Legidature) can be cdculated by applying the effective rate of tax per ton to the
quantity of coa produced in 1998. This caculation yidds avaue of totd tax collection of
$7.63 million. (Note that this figureis abit too high because some Wyoming cod is
burned in mine-mouth, coal-fired dectric power plants and asmall percentage is trucked
out of state;) However, because imposition of thistax will cause (small) reductionsin
cod production and mine-mouth prices, severance tax collections (in millions of dollars)
will fal by about $0.136 million. So, net of the decline in severance tax revenue,
imposition of the tor-mile tax on railroads would produce an additiond $7.49 millionin
tax collections.

Current environmenta issues facing the cod industry are treated in Chapter 8.
The acid rain program created by Title IV of the Clean Air Act Amendments (CAAA) of
1990 introduces a sulfur dioxide (SO2) emissons permit market for the dectric utility
sector. In Phase | (1995-99), EPA began controlling aggregate annua emissons from the
263 dirtiest generating units in the US by issuing a fixed number of SO2 emissions
permits. For every ton of SO2 it emits annually, a plant must surrender an emissons
permit to the EPA. Each plant is provided an annua endowment of permits, at no charge,
based on 2.5 pounds of SO2 per MMBTU’ s burned during a base period in the 1980's.

Over time, the number of permitsissued by the EPA will decline. Moreover, in Phasell
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(2000 and beyond), virtudly al existing and new fossil-fuded dectric generating unitsin
the US become subject to similar, but tighter, SO2 regulation. In Phasell, plantswill be
issued smaller annua permit endowments, based on 1.2 pounds of SO2/MMBTU.

The 1990 CAAA presents both opportunity and chalenge for the Wyoming coa
industry. Asthe overal emissons of SO2 are progressively restricted, Wyoming low
sulfur cod islikely to be favored. However, increasing use of Wyoming cod is not
certain for three reasons. First, compared to prior SO2 regulation, CAAA 1990 provides
utilitieswith additiond optionsin responding to SO2 emissons regulation, most notably
switching to lower sulfur cod from other regions, inddling fud gas desulfurization
equipment, and reallocating SO2 emissons over time. Depending on the relative cogsts of
these options, plants may or may not decide to purchase more Wyoming cod in any given
year. Second, besides Wyoming there are other important sources of low sulfur cod,
including Colorado, Utah, and the centra Appaachian region. For many plants,
especidly those distant from Wyoming, these other cod's may have a price advantage.
Severd authors have suggested that greater SO2 emissions reductions by Phase | plants
have resulted from the use of lower sulfur cod from other regions than from the use of
Powder river Basin cod. Third, even if Wyoming cod can be ddivered to aplant at a
lower price than low sulfur cod from other regions, the plant may encounter substantia
codsin retrofitting their boilers and cod processing facilities to accommodate the use of
Wyoming codl.

This chapter implements an empirica mode of power plants choices about SO2
emissons, permit trading, and permit savings aswell asther fue choices. Holding power

generation constant, there are three basic ways to comply with SO2 regulations: (1) The
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plant may engagein fuel switching by purchasing cod lower in sulfur, blending high and
low sulfur cod, or cofiring with naturd gas. (2) The plant may obtain additiona permits
from other plants owned by the same utility, or purchase permits on the open market or at
EPA auctions. (3) The plant may inddl flue gas desulfurization equipment or retrofit
exiging equipment. The modd alows for each of these possibilities and finds thet in
Phase 11, Wyoming cod production may experience a 6.2% increase in output in current
Phase | plants. Extending this prediction to al Phase |l plants suggests that the demand
for Wyoming cod will increase by about 7 —10%.

In Chapter 9, the 172-sector verson of amode for Wyoming furnished by
Regionad Economic Modéls, Inc. (REMI) is used to estimate statewide economic effects
of severd tax incentives (see Table 9.2). For example, focusing first on a permanent 2
percentage-point severance tax cut on oil production, total employment in 2000 would rise
by 313 persons and this employment increase steadily declines until 2035, when the tax
reduction means that 123 additional persons would be employed. Income effects of the
tax reduction are dso are quite smdl. Red persond disposable income (in $1997) would
be about $3 million larger in 2000 and about $5.8 million larger in 2035. Thus, in 2000,
real persona disposable income per employee added to the state’ s economy would be
$25,559 ($8 million/313) and the corresponding vaue for 2035 would be $47,154 ($5.8
million/123). Thislast cdculation isof interest as it shows how the modd accounts for
expected real wage and salary increases due to productivity changes and related factors
over the next 35 years. The modd suggests that as employment and real incomesrise,
Wyoming's population will riseaswdl. In 2000, the population increase resulting from

the tax change would be 246 persons. By 2010, the Wyoming population would be 380
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persons larger than without the severance tax reduction. These estimates reflect the fact
that the effects of the tax change on population do not al occur in one year and instead
accumulate over time as peopl€ s decisions to move into the Sate often require more than
ayear to beimplemented. However, by the year 2035, the state population increase
associated with the tax change is only 178 persons.

As asecond example, a permanent 2 percentage-point reduction in the severance
tax on coal would increase total employment in 2000 by 61 jobs, and contribute atota of
about $2.5 million to the sat€' s economy. Population would increase by about 70
persons. So, overdl, the economic benefits to Wyoming' s economy as awhole from a
cod saverance tax cut of this magnitude would be quite smdl. Other estimates from the
REMI modd show effects on employment, persond income, and population from the
remaining tax changes and tax incentives consdered in this report (see Table 9.2).

The overdl story of the distinct, yet moderate economic effects should be
expected for two reasons. Firg, the drilling incentive directly impacts exploration and the
prospect of adding reserves, thus the more prominent effect. Second, the oil, gas and coal
industries are not labor intensive. For example, based on data from the REMI modd, the
ratio of the change in output from the oil and gas production and field services sectors to
the employment change in those two sectorsis about $220,000. On the other hand, the
increase in wage and sdary digtribution in the oil and gas and field services sectors,
relative to the employment change there, is only about $27,000. Thus, a the margin each
employee in those two sectorsis associated with additional output valued at $220,000, but
receives only $27,000, so labor’s share of the additiond output is a little more than 12%.

Returns to owners of other factors of production such as capitd and the reserves
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themsdves account for the remaining 88%. Whereas workers employed in the Wyoming
oil and gasindustry are likdly to live in the Sate, capital and reserve owners can live
anywhere and therefore may not spend their increased incomes in Wyoming. Asaresult,
changesin oil and gas activity do not benefit the Wyoming economy as much asthey
would if labor intengty were higher. Corresponding calculations for the cod industry
yield smilar conclusons. Therefore, income, employment, and population changes,
resulting from tax incentives directed to the il, gas, cod indudtries, are expected to be

moderate as well.
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TableES.1

Simulated Tax Incentive Scenarios, Changes from the Base Case

1. Reduce Severance Tax on Qil
by 2 % points

Changein | Changein | Changein PV |Changein PV
Total Total State Severance | Sales Tax
Production Drilling Tax Collections| Collections
MMBOE (%)| Wels(%) | $Millions (%) | $Millions (%)

50.2 (0.68%)

1119 (2.28%)

-562.4 (-17.35%)

12.4 (2.29%)

2. Reduce Severance Tax
ondl New Wdl Production
by 4 % points

122.3 (1.66%)

2768 (5.64%)

-1389 (-42.84%)

30.6 (5.65%)

3. Reduce Severance Tax
on Tertiary Production
by 2 % points

5.0 (0.07%)

99 (0.20%)

-55.9 (-1.72%)

1.2 (0.22%)

4. Reduce Severance Tax
on Production resulting

from Workovers and
Recompletions by 4 % points

12.3 (0.17%)

239 (0.49%)

-136.9 (-4.22%)

3.0 (0.51%)

XX




CHAPTER 1

INTRODUCTION

The minerds industry accounts for a substantial share of tax revenues to the State
and to loca governmentsin Wyoming. In FY 98, taxes directly paid by the minerds
industry totaled $542 million and represented about 42% of State and local tax
collections (Tax Reform 2000 Committee 1999). These revenues were obtained
primarily from severance and property taxes levied againg the vaue of production of ail,
natura gas, cod, trona, uranium, and other minerds. Periodicaly, snce 1983, the
Wyoming Legidature has granted tax incentives to the mineras industries (see Appendix
A) for the purpose of stimulating production, tax collections, and job creation across the
Sate. Wyoming is not unusud in this regard: Other minerd producing states dso grant a
myriad of tax exemptions and incentives for specid Stuations faced by operators. In
1999, the Wyoming L egidature gppropriated funds for an econometric study of the
effects of minerd tax incentives granted under current law (1999 Wyoming Session
Laws, Chapter 168, Section 3). This report summarizes results of thisstudy. 1t focuses
on the three largest minerd industriesin Wyoming (ail, naturd gas, and cod) and shows
how changesin tax incentives and environmenta regulations affect these indudtries as
well asthe State' s economy.

By datute, and by agreement with the Legidative Subcommittee overseeing this
project, this report must address two questions. Fird, to what extent have minera tax
incentives and environrmenta regulations increased or decreased tax collectionsto
Wyoming entities as compared with amounts that would have been collected in their

absence? Second, to what extent have tax incentives and environmenta regulations



dtered employment and other economic activity in Wyoming as compared with what
would have occurred in their absence? These questions are interpreted broadly; for
example, the term “Wyoming entities’ refers to state government, political subdivisons
(such ascities, towns, counties, and school digtricts), and other special digtricts.
Employment and other economic activity in Wyoming refersto dl sectors of the State's
economy, not just those closdy related to minera extraction. Findly, and perhaps most
importantly, the study not only evaluates existing incentives and regulations, it dso
develops models that can be used to support future decision-making on State tax policy.

The methodology for linking tax incentives and regulations to minerd exploration
and production to income, employment, and tax collections can beillusrated using the
flow chart shownin Figure 1.1.

Figure 1.1

Overview of Research Methodology

Tax Mineral Production Wyoming Economy
Incentives - il - Income
and I - Ga=s ——9p | - Employment
Environmental . Cod - Stateandlocal tax
Regulations collections

Asshown in Figure 1.1, the analyss first shows how taxes and environmental
regulations affect minera production and exploration. It then goes a step further to show
how changes in minera production and exploration affect the overdl leve of income and
employment in Wyoming. Four contributions of the research are envisoned. Firg, it
provides a comprehensve andyss of effects of taxation and environmenta regulations

on Wyoming's ail, naturd gas, and cod indudtries. The oil and gasindudiries are



obvious choices to study because they make up 63% of assessed vauation on Wyoming
minera production and because they have been targeted by most of the tax incentives
identified in Appendix A. The cod indudtry isincluded because it represents an
additional 29% of assessed vauation on Wyoming minera production and because it
could experience further changesin State tax trestment. Also, possible changesin
environmentd policy at the federd leve have the potentid to greetly affect the ability of
Wyoming coa to compete with cod produced e sewhere aswell as with other fuds.

Second, this report will present econometric models for analyzing effects of tax
incentives and environmentd regulations. This agpect isimportant for two reasons.
Fird, effects of taxes and regulations must be quantified, not smply described in genera
terms. Second, different types of taxes and environmenta regulations generdly create
different economic incentives for operators. For example, taxation of production might
cause production to be shifted toward the future, whereas a property tax on reservesin the
ground will cause production to be shifted toward the present. Asathird example,
environmenta regulations can have different effects depending on whether they pertain
to the exploration, development, and/or production of aresource. Also, environmental
regulations and taxes interact with each other making it impossible to andyze individud
taxes or regulations separately. Forma modes are, therefore, needed to distinguish
between effects of dternative taxes and regulations and to quantify their effectson
exploration, development, production, and tax collections as wel as incomes and
employment levels in the economy statewide.

Third, the research takes account of market structure in determining the incidence

of tax and regulations imposed on producers of Wyoming oil, gas, and cod. On the one



hand, the large number of Wyoming producers of crude oil Smply are price-takers, as
their output represents only atiny fraction of tota output in the international marketplace.
Likewise, the many operators of Wyoming natura gas wells face pricesthat are
determined by forces beyond their control. In consequence, tax reductions and less
stringent environmenta regulations gpplied to oil and gas increase net prices seen by
operators and encourage exploration and production. However, the extent to which
exploration and production are stimulated and the length of time needed for the extra
production to occur are mgor factors in determining whether tax incentives, for example,
are cost-€effective from the standpoint of the State' s economy.

The market for coa, on the other hand, has numerous frictions that preclude the
assumption of smple price-taking behavior. Thesefrictions arise from differencesin
cod characterigtics and the sengtivity of steam generators to their differences, from the
way inwhich cod issold (i.e., historical use of log-term contracts and the more recent
importance of spot saes), and from the presence of powerful market agents. These
agents potentialy include eectric utilities and their regulatory commissons, cod
producers, railroads, and the states of Wyoming and Montana. The effects of potentia
changes in tax trestment of Wyoming cod will depend on the strength of these frictions
and on the responses of other agents in the market.

Fourth, effects of taxes and regulations are further andyzed to estimate their
economic contribution to the State’s economy asawhole. A model developed by
Regiona Economic Modéds, Inc. (REMI) isused for this purpose. The Wyoming

Business Council has leased REMI modd for caendar year 2000. The 172-sector



version of the modd is gppropriate for making the ca culations needed for this project
and can be used at no additiona cost to the State.

The remainder of this report is organized into 8 chapters. Chapter 2 reviews and
compares oil and gastax policy in eight mgjor producing sates (Alaska, Cdifornia,
Kansas, Louisana, New Mexico, Oklahoma, Texas, and Wyoming). The purpose of this
review isto place ail and gastax policy in Wyoming in context with corresponding
policies pursued in other states and to provide a conceptud discussion of anticipated
effects of different types of taxesthat are levied. Chapter 3 specifies and econometricaly
edimates the oil and gas Smulation modd developed for usein this study. Chapter 4
shows how taxes are incorporated into the model and presents smulation results for a
variety of tax incentive scenarios that apply to the Wyoming il and gas industry.

Chapter 5 examines how oil and gas exploration and extraction decisons are dtered due
to amore stringent gpplication of environmenta and land use policies on federd land. A

smulation of the implications from the Wyoming Checkerboard is the centerpiece of this
chapter.

Chapter 6, then, presents background information regarding the Wyoming cod
production, the trangportation of Wyoming cod, and the demand for thisfud by dectric
utilities. Chapter 7 outlines a conceptual modd of interactions between mines, railroads,
and utilities, and implements the modd using empirica estimates obtained from three
data sets. Two of these data sets, measuring coadl mine and railroad costs, contain
confidentid information, so the estimates presented are truly new. This chapter dso
applies the mode to predict the effects of a hypothetica reduction in Wyoming's cod

severance tax by 2-percentage points aswell as the recent imposition of aton/mile tax on



cod hauled by railroads operating in Wyoming. Chapter 8 presents an andlysis of how
recent Clean Air Act amendments have affected the demand by utilities for Wyoming
cod. Findly, Chapter 9 gives an overview of the REMI mode for Wyoming and
describes the computation of statewide income and employment effects that occur in

response to changes in taxes and tax incentives for oil, gas, and codl.



CHAPTER 2

TAXATION OF OIL AND GAS

2.1  Introduction

Changes in tax rates affect the net revenues received by oil and gasfirms, and in
turn, affect decisions on when and where to explore, develop, and produce oil and natural
gas. Asindicated in Chapter 1, one key objective of this study isto empirically assess the
effects of changesin tax policy, paticularly in Wyoming, on future oil and gas
exploration and production. In Chapter 4, asmulation modd is used to quantify these
effects. However, before turning to the development of thismode, it is useful to review
the literature on taxation of nonrenewable resources and to describe the mgor taxes and
gpecid features of the tax code that affect the oil and gasindustry. This background
materid is quite important as it suggests how to build thisinformation into any mode in
away that correctly reflects interactions between tax bases and the ultimate incidence of
different types of taxeslevied. Asdemonstrated below, these two issues are crucid to
understanding what is likely to happen when a state chooses to change its tax structure or
grant tax incentives as discounts from exigting taxes. In fact, tax incentives should not be
andyzed on a piecemed basis. The best way to determine their effectsis to see how they
fit into a broader framework.

The remainder of this chapter is divided into three sections. Section 2.2 provides
adetailed overview of the relevant economic literature. Section 2.3 describes the
goplication of taxes by the federd government and by state and locd governmentsin the
eight states (Alaska, Cdifornia, New Mexico, Texas, Oklahoma, Louisana, Kansas, and

Wyoming) that produce the largest shares of U.S. oil and gas. Section 2.4 reports



cdculations of effective tax rates (inclusive of tax incentives) by type of tax, by state and
over timefor the period 1970-97.
2.2  Overview of theLiterature

Key taxes levied on nonrenewable resource development by various levels of
government can be categorized into three main groups. taxes on production, property and
income. Production (severance) taxes are levied on the net production value (or volume)
of the resource as it is extracted from the ground or at the find point of sde. Property
taxes are levied on the assessed (quasi market) vaue of equipment above and/or reserves
in the ground. As depicted in section 2.4, above the ground property taxation is very
amal in relaion to other taxes collected. Consequently, the focus of the literatureis
centered on atax of unmined reserves.  Findly, adate or federa incometax islevied
againg the accounting net income of extraction firms. The literature reviewed in this
section islimited to intertemporal treatments and will be categorized based on the
groupings outlined above.

Taxeson Production. The effects of a severance tax, because of itswide
goplication, isthe subject of aszable literature. Hotdling's (1931) semind andytic
work considers a per unit saverance tax in amode with endogenous price (net of
congtant extraction cost) and fixed-reserve totd exhaugtion. The severancetax levied is
found to conserve the resource by extending the time of tota pool exhaustion.

Herfindahl (1967) extends this result with amode that features an extraction cost
function that depends soldly on output. The severance tax levied on a competitive model
tilts production into the future thereby extending the poal life.  The reserveisfully

exhausted at a postponed termina period.



Burness (1976) reformulates the dynamic framework by including severance tax
rates that vary over time. In the presence of limited reserves, severance taxes can cause
production rates to increase, decrease, or remain unchanged. Inthismode, priceis
exogenous, reserves are fully depleted, and extraction cost is afunction of mine output
only. The generd proposition states that the severance tax will tilt production to the
futureif the tax rateisheld congtant or rises at arate less than the discount rate. A
Severance tax that rises with the discount rate will be non-distortionary.

Levhari and Liviatan (1977) re-derived the optima control theory of amine
alowing for an extraction cost function that depends on both current and cumulative
production. The new mode now exhibits the effects of exhaustion on extraction cost. As
more resource is extracted over time, the more it costs to produce one more unit. This
model reformulation now dlows for an anadyss of incomplete exhaustion of the reserve.
The effect of aper unit severance tax on the termind time is now ambiguous. If priceis
congant over time, it is shown that the termind time of the mine is shortened and some
form of “high-grading” may occur. Heaps (1985) uses the Levhari and Liviatan construct
to examine taxation where the rates vary over time. |If the present value of the severance
tax is decreasing, the total recovery from the mine and the totd life of the mine can either
increase or decrease, but in opposite directions. Because the effects of the tax work in
opposite directions, the tax effect on depletion cannot be determined.

If resource quality varies across pools but is the same within a pool, Conrad
(1978, 1981) shows that production taxation affects total pool recovery and tilts the rate
of extraction. The mode incorporates resource grade into the price received. More

formally



mex dP@h@)a- E(@)- Z(©)q- tole "dt, (21

subject to
R=-q (2.2
g3 0, a<g<l, (2.3)

where q is the quantity of raw resource extracted, gdenotes the proportion of raw

resource that has vaue, h(gq denotes the actual quantity of resource sold, E(q) denotes

extraction cost, Z(g computes processing (quaity) costs per unit, and t isthe per unit

Sseverance tax. Properties of equation (2.1) include price increasing with qudity (P’(g9 >

0), processing costs increasing with qudity (Z' (9 >0, 2’ (9 > 0), and h' (g <0. Usng

this genera framework, Conrad (1978) shows andyticaly that mine lives are shortened

and some lower qudity resource isleft in the ground when a per unit severance tax is

levied.

Conrad and Hool (1981) develop a discrete time model including an extraction

cost function that exhibits resource depletion effects. Three production taxes are

examined: aper unit tax on total output, a per unit tax only on the ‘vauable' output, and

an ad valorem tax. The two ore-grade, two period analyss shows that low qudity

resource will remain in the ground and that the “cutoff” point for qudity is affected by

the tax policy. Because of the two period limitation, the life of the mineisfixed and

cutoff grades rise when taxes are imposed. Conrad and Hool (1984) employ their 1981

model above to examine varidble-rate taxaion. Time-varying per unit and ad vaorem

severance tax rates are analyzed. In the case of per unit severance taxes, tilting
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production to the future isthe result if the tax growth rate is less than the discount rate.
This outcome mimics Burness (1976) though resource qudity was not examined.

Krautkraemer (1990) examines the effect of taxation in afinite reserve mode
where resource qudity varies within agiven depost. In addition to firms choosing the
rate of extraction they also choose the margind grade cutoff at each point intime. The
severance tax induces high-grading at each point in time and not just at the end of the
production program. Interestingly, the severance tax reduces tota recovery from the
mine and the low-grade resource lft in the ground will not be recovered even if a some
point in the future the severance tax islifted.

Margaret Sade (1984) wasthefirst to empirically smulate effects of taxation on
adynamic nonrenewable resource modd. Data from the White Pine Copper minein
upper Michigan was used to empiricdly cdibrate the functiond form. The model
specifies afixed resource base and distinguishes raw resource produced from the fina
processed ore. The effects of royalties, severance taxes, and profits taxation were
smulated separately without tax base interaction. Evidence of tilting is found under a
fixed termind time of T = 16 years. A $1 per ton severance tax reduces cumulative
copper production by approximately 7%, under the assumption of a constant price, as
compared to the no-tax base case.

In another numerica smulation, Gamponia and Mendel sohn (1985) focus on the
intertemporad effects of awindfal profitstax. A per unit and ad valorem severance tax
are dso andyzed in this ylized modd. A basic Hotelling model, including congtant
extraction cogt, isemployed. The mode is smulated under various (arbitrary) parameter
vauesfor price, congtant extraction cost, constant demand price elasticity, and discount

rate. The comparison across types of taxes are of equal red yield. When applied, the
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unit and ad vaorem severance tax delay final exhaugtion of the fixed resource. Tax
burden calculations are computed and show that the incidence of taxation falls primarily
on the owners of the resource.

Uhler (1979) includes a brief examination, for thefirdt time, of the effects of
taxation on a nonrenewabl e resource when exploration is incorporated. Thistwo stage,
exploration and extraction, modd is parameterized and compares Smulated trgjectories to
actud paths for asmdl oil and gasregionin Alberta, Canada. When a severancetax is
imposed at a congtant rate, operators decrease Smulated production and exploration while
endogenous price rises. Hegps and Helliwell (1985) likewise develop an andytica
modd including a mechanism for investment in new reserves. A severance tax is shown
to reduce incentives to acquire new reserves.

Adapting the semind model developed by Pindyck (1978), Y ucd (1986,1989)
numericaly smulates the effects of imposing an ad vaorem severance tax on gross

production value. The modd takes the form

;
max dp“Rz@-t)- pl- p,wle “dt (2.4)
"W 0
subject to
R= Aw"x"z - |1 R? (2.5)
X = AwPx"2 (2.6)

wherel is extraction effort, w is exploratory effort, t denotes the severance tax rate, Ris

the level of reserves, x denotes cumulated reserve additions, and priceis afunction of
output, p = f(q) (linear demand used in the smulations). Two solutions are examined,
competitive (Yuce 1986) and monopolistic (Yuce 1989). The modd is cdibrated to

Pindyck’s (1978) parameters from the Permian Basin in Texas. Severance taxes are
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found to reduce both extraction and exploration in al periods while shifting price paths
upward. The shiftsin price, extraction, and exploration effort are all more pronounced in
the competitive model. The conservation outcome is not confirmed. The severance tax
leads to a dower development of reserve additions but invokes faster depletion of the
known reserve base.

Deacon (1993) adopts, again, the general construct developed by Pindyck (1978)
to smulate the effects of the 3 generd categories of taxation described above. Taxesare
entered into the smulation modd one a atime, dl of equd red yield. Dataused to
cdibrate the three crucia functions of the model (extraction cost, exploration cost, and
reserve additions) are atime series (gpproximately from the 50's to 1987) of lower-48
date nationa averagesfor the oil industry. Data on extraction costs appears to be the
weskest. The price path is exogenous and rises a arate less than the 5 percent discount
rate. Moreover, the truncated time horizon isfixed at 61 years. The imposition of an ad
valorem severance tax, as compared to a free-of-tax base case, tilts production to the
future (in contrast with Yucel 1986) and shortens the exploration program by
gpproximately one year. As smulated, a 15 percent severance tax reduced production by
6.5 percent over the 61 year program.

Taxes on Property. Taxes on property, specificaly reserves, has received little
attention in the taxation of nonrenewable resource literature. One reason may be its
practica complexity, casein point, only two satesin the U.S. levy thistype of tax (Texas
and Cdifornia). Hotdling (1931) formally shows that a congtant tax on the value of
reserves will induce firms to extract more rgpidly. Using amodel with constant
extraction costs, Stede (1967) concurs with Hotelling. Burness (1976) consders a

variable tax on the capitalized vaue of the firm which, in asense, isa property tax. This
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method may undervaue the unmined assets and serves as a cursory examination with
regard to policy. Nevertheless, depletion of the fixed reserve occurs at a much earlier
terminal period as compared to a no-tax case.

Conrad and Hool (1981) show that a property tax works against conservation.
The congtant tax rate per unit of reserve encourages extraction of higher-grade resource
in the early periods of the program. Interestingly, the cut-off grades are lower and tend to
offset theincreased early period extraction, thus extending the life of the mine. Heaps
(2985) confirms Conrad and Hool’ s generd propostion, however, mine life extenson is
not found. The property tax is aso examined by Hegps and Helliwell (1985) in amode
that dlows for new reserve investment. The property tax is shown to tilt production to
the present and retard investment in new depositsin order to avoid holding codts.

Gamponia and Mendel sohn (1985) smulate the effects of afixed reserve tax and
find sgnificant tilting of the extraction path to the present. Deadweight |oss calculations
for each tax type (of equa red yield) smulated are compared. Digtortions resulting from
the property tax are more than two times those found by imposing a unit severance tax.
Deacon (1993) smulates areserve tax levied on an approximated market value of the
resourcein the ground. Drilling (exploratory effort) arting values decrease subgtantialy
(over 45 percent) as compared to the untaxed base case. Production trgectoriestilt in the
opposite direction, toward the early years of the 61 year program. Producers have an
incentive to “mine out from under the tax”. The estimated deadweight loss of the reserve
tax is more than twice the loss found when a severance tax islevied. This result
coincides with the estimates found by Gamponia and Mende sohn.

Taxes on Income. Asin the case of the property tax, an income tax levied on

extractive firms has received very little focus in the nonrenewable resource literature.
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Burness (1976) andyzes a profits tax and concludes that output trgjectories will not
change when the tax is applied at a constant rate. However, if the profits tax increases
over time, firmswill gpeed-up depletion of the fixed reserve. Conrad and Hool (1981)
regffirm that a pure profits tax, without percentage- depletion alowances, is non
digtortionary. When depletion allowances are introduced, they act as a negative
severance tax and tend to increase the rate of extraction. Sweeney (1977) providesa
comprehensive review of the percentage- depletion incentive literature.

Conrad and Hool (1984) modd andyticaly aprogressve profitstax. The
progressivity of theincome tax confounds the neutrality with regard to extraction paths
and grade-selection. Terry Heaps (1985) concurs with Conrad and Hool modeling a
constant rate and progressive profitstax. Gaudet and Lasserre (1986), in amodd where
reserve additions are ignored, examine the impacts of the percentage- depletion alowance
and various invesment tax crediits a the federal level. When taxable income more
closdly approximates the firms cash flow, income taxation is found to invoke little
distortion.

Deacon (1993) smulates a structure broadly smilar to federal income taxation. A
key feature of this congruct is the expensing of current and capitalized drilling costs.
Investment in drilling (exploration) provides for future cash flow and the sizable finding
costs should be expensed against future, not current period, revenues. Simulated paths of
extraction, drilling effort and reserves show little distortion from the no-tax base case.
When comparing equa red yield caculaions of deadweight loss, the income tax is found
to invoke the smallest loss as compared to other tax scenarios smulated.

In generd, the taxation of nonrenewable resource literature finds, in the most

common cases, that atax on production will “tilt” activity to the future, a property
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(reserves) tax will accderate extraction and significantly retard exploration and that atax
on net profitswill invoke rdatively neutrd effects. In addition, andyss of the tax
shifting, incidence (the ultimate burden of the tax) and interstate exporting of
nonrenewabl e resource taxes has been the focus of considerable examination and should
not be ignored here. For an overview of these interrelated topics, see Gerking and Muitti
(1981), and Morgan and Muiti, (1983, 1985).
2.3  Description of Taxes, Measurement of Tax Rates, and Data Collection

This section more specificaly describes the gpplication of the types of taxes just
reviewed at the federd, sate, and local levelsaswell. Taxes here are treated broadly to
include aspects of specia features such as deductions for depletion and treatment of
roydties from production on public land. Tax rate measurement and data collection
procedures aso are emphasized. To provide reference points for Wyoming' stax
Sructure, tax structuresin eight mgjor energy producing states (Wyoming, Texas,
Oklahoma, Louisiana, New Mexico, Kansas, Alaska, and California) are compared and
used in the smulation analysis reported in Chapter 4. Alaskaand Cdifornia are included
here because they are mgjor oil producers, however they produce relatively small
amounts of natura gas. Together, these states accounted for 73 percent of il production
and 83 percent of natura gas production in the United States in 1996 (U.S. Department of
Commerce, 1998). Texas and Alaska are the mgjor oil producing states, and Texas and
Louisana are the mgor gas producers.

2.3.a Federal Taxation

At the federd levd, three main aspects of the U.S. tax code are included, the
federa corporate income tax, the trestment of depletion, and the Windfall Profit tax. The

federa corporate income tax is the most important business tax levied by the federd
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government. Incorporating it into the smulation modd was smplein comparison to the
steps needed to handle depletion and the Windfal Profit Tax. Annua information
regarding federd corporate income tax ratesis available from the Tax Foundation
(various years). Depletion, which is unique to natura resource extraction, and the
Windfdl Profit tax, which is unique to ail production, are Sngled out for an extended
discussion because of complexities that affect both data collection and their treatment in
the smulation modd. An explanation and andysis of both isincluded in Bruen, Taylor
and Jensen (1996).

An important aspect of taxation of oil and gasisthe treatment of depletion,
particularly asit relates to the federal corporate incometax. Since the beginning of 1975,
integrated oil and gas producers have been required to use cost depletion, but independent
producers have been able to continue to use percentage depletion, although at lower rates.
Congressin the Tax Reform Act of 1969 reduced percentage depletion dlowance from
27'gercent of grossincome from the property to 22 percent. In the Tax Reduction Act
of 1975 it “eliminated percentage depletion atogether for oil and gas properties of the
larger oil companies (i.e., those affiliated with retailing or refining more than certain
limited volumes)... .retricted the availability of percentage depletion for oil and gas
properties of other taxpayers to properties located in the United States and to certain
quantities of production; and provided a phasing down both in quantities of production
eligible for percentage depletion and in the rate of percentage depletion.” (Bruen, Taylor
and Jensen, 1996, p. 7-4)

The Windfdl Profit Tax was levied by the federad government during the period
March 1980 through 1985 following price decontrol of oil a the wellhead. It wasa

production tax on the difference between the market price of oil and the former regulated
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price adjusted for inflation. The tax was authorized by the Windfdl Profit Tax Act of
1980 and was repeded by the Omnibus Trade and Competitiveness Act of 1988 (Bruen,
Taylor, and Jensen 1996, p. 10-3). Thetax isaform of production tax levied on domestic
production of crude ail, and was imposed to capture a sSignificant portion of the price
increases expected to result from price decontrol of crude oil. Thetax is subject to
deduction of the State severancetax. In turn, the Windfdl Profit Tax is deductiblein
computing corporate income tax liabilities. There are three different categoriesinto
which taxable ail is classified, caled tiers. Thetax rates applied to the so cdled windfall
profit differ by tier and aso whether or not the tax is gpplied to independent producer oil
or other ail, which includes oil produced by integrated oil companies. With certain minor
exceptions, the term “integrated producer” as gpplied to the Windfdl Profit Tax isthe
same as used in the application of depletion alowances.

Because information regarding the Windfall Profit Tax is not avallable on a gate
by date bass, the average effective windfal profit tax per barrel was caculated for each
state on an annua basis for the period March 1980-1985. It was assumed that dl oil
subject to tax was Tier 1 ail, which congsts of dl taxable oil that is not classified astier 2
or tier 3. It includes al nonexempt domestic oil other than newly discovered oil, heavy
ail, incrementd tertiary ail, oil from Stripper well property, and oil from aNavd
Petroleum Reserve (Bruen, Taylor, and Jensen 1996, p. 10-28).

Thewindfal profit tax per barrel was caculated using the following procedure.
The windfdl profit per barrel equas the average annud market pricein state j minusthe
base price minus the quantity (severance tax rate in state j times the market price in datej
minus the regulated price, referred to as the saverance tax adjustment). The windfall

profit tax per barrel equas the windfal profit per barrd times the windfal profit tax rate.
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For tier 1 ail the tax rate used in this study for each state is the weighted sum of the tax
rate applied to production by integrated producers (0.7) and the tax rate gpplied to
production by independent producers (0.5). For example, in the case of Wyoming for
1984, the average effective windfall tax rate equals the share of production by integrated
producers (0.67) times the tax rate for integrated producers (0.7) plus the share of
production by independent producers (0.33) times the tax rate for independent producers
(0.5), or aweighted windfall profit tax rate of about .63. The base price mentioned above
isthe May 1979 upper tier ceiling price under the March 1979 energy regulations, about
$13 per barrel minus 21 cents. Adjustments to the base price were made each quarter for
inflation occurring after June 30, 1979 by applying the gross national product deflator
factor with alag of two quarters. Theinflation factors by quarter are listed in (Bruen,
Taylor, and Jensen 1996, p. 10-41). Also, the severance tax rate referred to in the
formula above applies to severance taxes levied at the state level. Loca production taxes
such asthelocd ad vaorem tax in Wyoming are not included.

The cdculated vaue of the windfal profit tax per barrdl was adjusted to account
for three features of the Windfal Profit Tax Act. First, the tax per barrel was reduced by
five Sxthsin 1980 to account for the fact that the tax applied to oil produced after
February 29, 1980. Second, the tax for Alaska was adjusted to account for the fact that
the tax gpplied only to production a Prudhoe Bay. Third, the average effective weighted
tax per barrd was adjusted downward in states with production from Indian lands to
account for the fact that such production was exempt from the tax.

Finally, information on production by integrated and independent producers was
required to caculate federd depletion dlowances and Windfdl Profit Tax liahilities.

Annua data on production by firm were obtained from each state directly and/or from
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Byrom Publishers. Thisinformation was used to identify the volume of production by
integrated producers and independent producers, and in turn their shares of total
production. Integrated producers were identified from information in the Oil and Gas
Journd (variousissues). The number and names of integrated oil and gas companies has
changed over time because of mergers and acquiditions. The information published by
Byrom Publishers was used to caculate the shares of total production for each type of
firm for the states of New Mexico, Texas and Louisiana. The percentages for years for
which data were not available were cdculated by interpolation. The percentages from
one year to the next are quite stable, dthough there are trends in the share over time. For
example, the relative importance of oil production in WWyoming by independent producers
has increased steadily since the 1970s. The most difficult and time consuming data
collection task, aside from obtaining the tax information from the states, was identifying
the integrated producers, and obtaining the volume of production of oil and gasfor each
integrated producer, by state and year.

2.3.b State and Local Taxation

This subsection provides an overview of sate and loca taxation of oil and gasin
the eight Sates listed at the beginning of this section as well as an explanation of steps
required to collect data. A more detailed state-by-state discussion is provided in Section
2.3.d. Alaska, New Mexico, Texas, Oklahoma, Louisana, Kansas, and Wyoming levy
production taxes on oil and gas, while Cdiforniadoes not. Wyoming has a production
tax levied by loca governments, too. Conservation taxes, levied by virtudly al energy
producing states, are excluded from our anadysis because revenues generated usudly are
digtributed to an oil and gas reclamation fund rather than a genera revenue fund.

Additiondly, the tax rate is quite smal, afraction of one percent of the vaue of

20



production. All of the eight states levy a corporate income tax except Wyoming and
Texas. In some Sates, the federd corporate income tax liability is deductiblein
computing state corporation income taxes and in othersit isnot. While most of the states
utilize some form of a property tax on oil and gas extraction equipment, only Texas and
Cdifornialevy property taxes on oil and gas reserves. In addition to these taxes,
royaties from production of oil and gas on federal and state lands are included in the
andyss.  Inmost dates, these roydties are deductible in computing severance tax
ligbilities. All states grant numerous tax incentives for specid Stuations faced by
operators. A ligting of tax incentives for Wyoming are contained in Appendix A.

Much of the data needed on state and loca taxes for this study required directly
contacting the agencies in the respective states because the data are not published or
compiled in acommon format. For example, dataon state and locdl tax revenue from oil
and gas production and property, and state royalties for each state are not compiled in a
common format. These data were obtained directly fromthe tax and land agencies in the
respective states. Mogt other information required for the andysis was available from
published sources. Annua data on State corporate income tax rates were obtained from
the Tax Foundetion, annua volumes, aswell asinformation on whether or not federa
corporate income tax liabilities are deductible from state corporate taxable income. Data
on royaty payments from oil and gas production on federd lands, which conssts of
onshore minerd leases, Indian minera leases, and leases on military lands and Nationd
Petroleum Reserve Lands were obtained from the U.S. Department of the Interior,
Mineras Management Service.  The American Petroleum Inditute and Department of
Energy publish annua data on the average welhead price of oil and gas and production

in each sate. The data used exclude oil and gas produced in the Outer Continental Shelf
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(OCS) whichis not subject to taxation by the states. The data on wellhead price and
volume of production of oil and gasin each state were used to caculate the vaue of oil
and gas production. These data were then used to caculate the annud effective rates of
taxation for state production and property taxes, and effective royalty rates, the ratio of
tax or royalty collections to the vaue of production.

One aspect of data collection of state and local taxes was to ensure that the
production year was maiched to the year of vauation of tax liabilities or collection of tax
revenue. In the case of Wyoming, Sate severance taxes paid prior to 1981 were based on
the previous year’ s production. Wyoming state severance tax has been based on current
year production since 1981. Wyoming local ad vaorem tax administration is more
convoluted. For example, tax ligbilities on productionin caendar year 1999 can be paid
one haf in November of 2000 and one haf in May 2001 or paid in full by December 31
of 2000. The lag between production and tax collection can be a combination of
gpproximately eeven months and seventeen months or just twelve months. In an effort
to stay consstent with dl other annual data used in this study, a one-yesr lag is assumed
regarding the ad valorem taxes. For other taxes and States the year of production and
vauation werethe same. Thisisdue in part to the fact that the tax data were reported by
many of the datesin the form of tax ligbilities rather than collections. Additiondly, in
the case of Texas and L ouisiana adjustments were made to the tax revenue data to
account for severd large tax protests or appedls. In these states tax revenueis reported in
the year of the legd settlement rather than adjusting revenue for the year in which the tax
ligbility was generated. Accordingly, the data were adjusted to reflect the latter concept.

Such an adjustment was not possible for the state of Alaska. In the case of Wyoming, tax



revenue from tax protest and apped settlementsis assigned to the year the tax liability
was crested.

Tax adminigtration procedures created problems in severd states with respect to
being able to obtain tax data, particularly information on local property tax liabilities.
Property taxes are administered at the local government level, but in most states, at least
in recent years, the state government has a certain amount of oversight. The oversght
takes various forms from establishing property tax assessment procedures or assessing
the property directly to collecting information and reporting statewide vaues of assessed
property by category, including oil and gas extraction equipment, and average Statewide
mill leviesfor non-municipal property. Inthe case of Texas, oversght & the Sate level
did not begin until 1981 with respect to school property taxes, which account for the
magority of property taxes on the oil and gasindustry. In consequence, the property taxes
levied by over two hundred fifty counties plus specid didtricts are not available prior to
1981. A smilar problem exists with respect to the property tax on oil reservesin
Cdifornia prior to 1984, and roydties from production on school landsin Texas prior to
1974.

2.3.c Tax Rate Measurement

The myriad of exemptions, incentives, different tax bases, specid features and
frequent changesin tax laws, a both the state and federd government levels, cregte
considerable complexity in understanding and tracking of tax law over ime® However,
economigts have a smpler and more straightforward way of dealing with taxes that does
not require a detailed understanding of each state' stax law or an itemization of pecific
tax incentives. The key question to condder in this sudy is how changesin oil and gas

tax policy affect present and future production. In consequence, one aspect of this
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andysisisto trandate tax policy and the various changes in tax policy into what are
caled effective tax rates. Effective tax rates can be expressed as the ratio of taxes (or
royaties) collected from a particular tax to the vaue of production. Thus, the calculation
of effective tax rates fully account for al tax incentives granted againg dl types of taxes
faced by industry.

Given the complexity of the federd, state and locdl tax laws, particularly asthey
apply to oil and gas operations, it was necessary to make certain smplifying assumptions
in order to estimate the average effective federa and state corporation income taxes.
Fird, it isassumed that dl oil and gas companies are incorporated and subject to the
federa and state (if gpplicable) corporate incometax. The mgority of oil and natura ges
is produced, refined and sold by incorporated firms.  Second, al state corporate tax rates
are gpplied a the highest margind rate if more than onerate exists. The average
effective federd corporate income tax rate, by year, for oil and gas extraction was
cdculated usng data from the U.S. Treasury (various years) for returns with net income.
The federd tax rate equas federal corporate income tax receipts from oil and gas
extraction divided by business receipts minus (the sum of cogts of sdles and operations,
taxes paid, amortization and depletion). This particular approach was used because it
reflects corporate income tax receipts as a share of business receipts minus the costs that
we are ableto caculate. The higtoricd financid andysis of the il and gasindustry
presented hereis focused on net operating income and costs. Using legd federd
corporation income tax rates would vastly overdtate the tax ligbility because we cannot
account for anumber of the cogts, particularly fixed costs, which are deductible, such as
interest paid, depreciation on buildings, compensation of officers and the category “other

deductions’. The highest nominal federa corporation income tax ratein 1997 was 35
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percent, but the average effective rate cacuaed using the formula shown aboveis 10
percent.

The same reasoning was applied in the calculation of average effective Sate
corporation income tax rates for oil and gas extraction. The nomina or legd sate
corporation income tax rate was reduced to account for deductions we cannot calculate or
esimate. Thiswas accomplished usng Statistics of Income (SOI) deata, dividing costs we
can account for (the sum of costs of sales and operations, taxes paid, amortization and
depletion) by tota deductionsfor oil and gas extraction. Then, the average effective Sate
corporation income tax rate used in the andlysis was cdculated by multiplying the highest
gtate nomina corporation income tax rate by this percentage. For example, for
Oklahoma in 1995, the nomina corporation income tax rate was Six percent. Based on
SOl data this tax rate was multiplied by 0.66, the share of total deductions represented in
our state data set, to arrive at an average effective tax rate of four percent.

2.3.d StateTax Structures

The generd aspects of the tax structure for each of the eight maor producing
dates as it gppliesto oil and gas are outlined below. Thetax structures differ by Sate
depending on the particular taxes employed and the base for each tax. The taxes relevant
to oil and gas and sdlected additiond data collection issues are discussed for each State
below.

Wyoming. The state of Wyoming levies a severance tax on oil and gas
production and a production tax is levied at the loca level, too (theloca ad valorem
production tax). In Wyoming, royaty payments from production on state and federd
lands are deductible in computing production tax ligbilities. Data on royaty payments

from production on state lands were obtained from the State Land Office. Additiondly, a
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loca government property tax islevied on oil and gas equipment, including drilling rigs,
oil and gaswell equipment, gathering lines and tank batteries. Total property tax
ligbilities were estimated by year by multiplying the total statewide assessed vauation for
oil and gas equipment combined by the average statewide mill levy for al purposes (not
including municipdity levies). Thetota estimated property tax ligbility for oil and gas
equipment combined was portioned between oil and gas based on the annud volume of
oil production and natura gas production in Wyoming, where oil and gas are converted
to barrds of il equivaent expressed in British Thermd Units (BTUS). In this
caculation, 5,626 cubic feet of gas equals one barrd of oil expressedin BTUs. The
average effective property tax rate on equipment is expressed as the ratio of the estimated
tax ligbility for ail (or gas) equipment to the vaue of oil (or gas) production. Wyoming
does not levy a state corporation income tax. The tax data were obtained from the
Wyoming Department of Revenue. The average effective tax rate is expressed asthe
ratio of taxes collected to tota vaue of production for both the state severance tax and
thelocd ad valorem tax. The average effective Windfal Profit Tax isthe calculated tax
per barrd of ail.

Texas. The dtate of Texas levies a state severance tax on oil and gas production,
and aproperty tax islevied a the locd level on the estimated present vaue of minerasin
the ground as well as structures and equipment. The taxation of oil and gas at the Sate
level issmilar to that of Wyoming. Severance tax revenue for oil and natural gas
reported separately were obtained from published reports of the Railroad Commission of
Texas and the Texas Comptroller of Public Accounts. The state does not levy a
corporate incometax. Royadlties from public lands are deductible in computing severance

tax ligbilities. Information on property taxes for oil and gas are not available from a

26



central source. In addition to a school property tax, counties and specia digtricts levy
property taxes. School property tax revenueis available for oil and gas combined on an
annua bass. At the recommendation of officids at the Texas Taxpayer and Research
Association, school tax revenue was grossed up by five eghths to gpproximate totd oil
and natura gas property tax revenue statewide. This total was alocated between oil and
gas based on the estimated gross vaue of oil reserves relative to gas reserves (price of ail,
or gas, times the estimated volume of reserves, by year).

Royadlties from production on state lands are alocated to The Permanent School
Fund which was established to provide investment income to support public education for
sudentsin grades K-12, and the Permanent University Fund which has asimilar purpose
for public higher education in Texas. The datawere obtained from the adminigtrators of
these funds. In the case of the University Fund, roydties from oil and ges production
were reported separately for the period 1990-97 and for the earlier yearsthe royaties
were reported for oil and gas combined. The latter were portioned between oil and gas
based on the total annud vaue of oil production and natura gas production in Texas.
Similarly, School Fund royalties are reported separately for oil and gas from 1986-97.
For the earlier years they were reported as an aggregate and were separated by us based
on the totd annud vaue of Texas ail production and natura gas production.

Louisiana. The date of Louisanalevies a saverance tax on the value of oil and
gas production and a corporation income tax. Royalties from production on public lands
are not deducted in computing severance tax liabilities. The federd incometax is
deductible in computing state corporate income tax ligbilities. The property tax islevied
on oil and gaswells and surface equipment, and it is administered at the parish (country)

level. The State Department of Revenue, Severance Tax Divison provided the severance
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tax information. Property tax information, which conssts of atime series on the assessed
vaue of oil and gas wells and surface equipment and the state-wide average weighted
mill rate was provided by the Louisana Tax Commission. These data were used to
caculate property tax liabilities for oil and gas combined. These totals were portioned
between oil and gas property tax revenue based on the total annua vaue of oil
production and natura gas production. Information on royaties and production of oil
and gas on dtate lands was provided by the State of Louisiana, Department of Natura
Resources, Technology Assessment Divison.

Oklahoma. The gtate of Oklahoma levies a severance tax on il and gas
production, and a corporate income tax is employed. Royaties from production on
public lands are deductible in computing severance tax liabilities, but federa corporate
taxes are not deductible in the computation of state corporate income tax ligbilities.
Thereisno tax on oil and gas properties. Severance tax revenue data were obtained from
the Oklahoma Tax Commisson. The datafor the period 1988-97 were avalablein
directly usegble form while the data for the earlier years were compiled for oil and gas
revenue combined. The latter were portioned between oil revenue and gas tax revenue
based on the total annud vaue of oil production and natura gas production in Oklahoma
The Oklahoma Tax Commission provided the informetion to cdculate the vaue of
production from public lands, and the Commissioner of the Land Office provided the data
on ail royalty and gas royaty from production on school landsin directly usesble form.

Similar to Wyoming, Oklahoma enacted atax incentive program for oil and gas
production in an effort to increase the profitability of production. The new three-tiered
gross production tax rate system became effective January 1, 1999, through June 30,

2001. The old tax rate was seven percent. Under the new system, the tax rate for ail is
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determined by computing the average price per barrd of sweet crude oil paid to the

date' s three largest producers during the preceding calendar month. If the average price
equals or exceeds $17 per barrd, the tax rate is seven percent. If the average priceisless
than $17 but equa to or more than $14, the tax rateis four percent and if the average
priceislessthan $14, the rate is one percent. After June 30, 2001 the tax rate reverts
back to seven percent.

Kansas. In Kansas, the key taxes a the Sate level are a severance tax on oil and
gas production and a corporation incometax. The severance tax was implemented
beginning May 1983. Royadlties from production on public lands are not deductiblein
computing saverance tax ligbilities. Royalties from production on state lands are
unimportant, amounting to less than $80 thousand annualy. Federa corporate tax
ligbilities were deductible in computing state corporate tax liabilities in 1970 but not
theresfter. A local government property tax islevied onroyaty and working interest and
itemized equipment that is not part of the production equipment as of January 1 of the tax
yedr.

The Kansas Department of Revenue, Minerd Tax Bureau provided dataon
severance taxes. Property tax information was obtained from the Kansas Department of
Revenue, Minerd Tax Divison. Property tax data were reported for the period 1993-97
for oil and gas separately. For 1989-92 tax totals were provided and portioned between
oil and gas based on the state volume of production for oil and for gas. The data for
1983-88 were provided in directly useable form, and for the earlier years back to 1970 the
property tax revenue for oil and gas were portioned between oil and gas property based

on volume of production for oil and for gas.
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Alaska. Alaska has a state corporation income tax, a severance tax and a property
tax on capital improvements and equipment. Again, ail in Alaskawas the focus of the
tax andyss. Alaskais not an important producer of naturd gas. The federd income tax
is not deductible in computing state corporation income tax liabilities. Royatiesfrom
production on public lands are deductible in computing the saverance tax. The State has
an dternative minimum specific severance tax of $0.80 per barrd or oil. In consequence,
when the ad valorem tax fdls below $0.80, the specific tax isused. The Reserve Tax,
known as the Early Development Incentive Credit was created for the years 1976 and
1977, whereby taxes were prepaid and credits were taken againgt the petroleum
production tax during the years 1978, 1979, and 1980. The purpose of the Reserve Tax
was to finance public expenditures associated with the congtruction of the ail pipeine.
Asde from revenue generated by the Reserve Tax, the vast tax revenue and royalty
payments associated with ail production in Alaska did not begin until 1978. Most of the
tax revenue and roydty information is available on the internet at

www.revenuegtate.ak.us. An explanation of the data was obtained from officids a the

Alaska Department of Revenue, Oil and Gas Audit Division.

California. Thefocusof thetax andyssfor Cdiforniais oil Snce Cdiforniais
not amagjor gas producing state. At the state leve the key tax on the ail indudtry isthe
corporation income tax; the federal corporate income tax is not deductible. Thereisno
severance tax in Cdifornia. The property tax is administered at the county level and
includes surface property, equipment and the estimated value of minerd reserves. Since
there are no state-wide tax revenue data on oil property, information from Kern County,
which accounts for seventy percent of oil production in Cdifornia, was used to represent

the state-wide average. A time series of the estimated property tax expressed in cents per
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barrel of oil produced was obtained from the Chief Appraiser, Oil and Gas Divison of
Minerd Rights, Kern County. Totad State property tax revenue was estimated by
multiplying the property tax per barrel times the total number of barrels of oil produced
in Cdifornia. Royalty information relaing to production on public lands was obtained
from the Cdifornia State Lands Commission. The royalty rate for production on state
landsis about eighteen percent with afloor of one sixth. However, this floor can be
reduced if it can be demondrated by a study that it is economically feasible for old wells
to continue production if the roydty rate is reduced.

New Mexico. The state of New Mexico levies anumber of separate production
taxes on oil and gas, referred to as oil and gas extraction taxes. The taxes consst of the
Oil and Gas Severance Tax, Oil and Gas Emergency School Tax, Oil and Gas Ad
Valorem Production Tax, and the Oil and Gas Production Equipment Tax. The revenues
collected are reported for oil and gas combined. The totas were portioned to oil and gas
based on the annual vaue of il production and natura gas production. An additiond tax
islevied on natura gas, the Naturd Gas Processors Tax.  For purposes of the andysis
here the separate taxes are combined to form one production tax whose effective tax rate
istota tax collections per year divided by the annud vaue of production. The New
Mexico Taxation and Revenue Department, Oil and Gas Division provided information
concerning severance taxes. Royalties from production on public lands are deductible is
establishing valuation for the production taxes. Information on royaties from production
on state lands was obtained for the period 1995-97 from the State of New Mexico
Commissioner of Public Lands. For earlier year the information was obtained from the
Taxation and Revenue Department. There is no separate property tax on oil and gas

equipment. Equipment is taxed through the Oil and Gas Production Equipment Tax
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mentioned above, where the assessed value is nine percent of the saes vaue of the
product of each production unit. Additionaly, the state of New Mexico leviesa
corporation income tax. Federa corporate income tax ligbilities are not deductiblein
computing the Sate tax liahility.
24  Comparison of Effective Rates of Oil and Gas Taxation

State tax structures are compared based on effective rates of taxation. These
effective rates fully account for al tax incentives that have been granted to oil and gas
operatorsin each state. Thus, the effective rates caculated generdly are lower than the
nomina rates of tax that would prevail if no incentives had been granted. Effective rates
were computed annually for the period 1970-1997 and are shown in Table 2.1 for oil and
Table 2.2 for naturd gas for the years 1970, 1975, 1980, 1985, 1990 and 1997. As noted
previoudy, for certain states some of the tax information was not available for some of
the exlier years. Inthe case of production and property taxes, and state and federa
royaties, the effective rate istheratio of tax collections or liahilitiesto gross vaue of
production. The effective rate for Sate corporate income taxes is the highest nomind
(legd) rate reduced to account for tax deductions we cannot calculate directly by state for
the oil and gasindustry. Also shown isthe Windfall Profit Tax, expressed in dollars per
barrel of oll, by state. Thefinal column in each table indicates the share of production of
oil or natura gas accounted for by nonintegrated producers (NI), beginning in 1975.

Comparisons of the effective tax rates highlight the substantid differencesin the
tax structures of the energy producing states, and in the relative importance of production
on public lands. Beginning with ail, Table 2.1 shows that Wyoming rdlies on sate and
locd production taxes as mgor sources of oil revenue. Royadties from production on

public lands are amgjor revenue source for the federal government, as alarge share of
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Wyoming's oil and gas production is on federd land. State production and loca property
taxes are the mgjor revenue sourcesin Texas. In the case of Louisana, State production
taxes and roydlties from production on state lands are the important sources of revenue.
Louisana dso levies a state corporation income tax. 1n Oklahoma, the state production
tax ismost important. Oklahomaaso levies a sate corporate income tax. Property and
production taxes are mgjor revenue sources in Kansas and a corporate income tax is
levied. The state production tax and royalties from production on state lands are most
important in Alaska, and a corporate income tax exigts. In Cadliforniathe property tax on
reserves is most important and a corporation tax islevied. Royadtiesfrom production on
date lands have diminished in importance in Cdiforniaduring the 1990s. In New
Mexico, production taxes and royalties from production on both federal and gtate lands
are important, and a corporation income tax exisis.

Another useful perspective is acomparison of each source of revenue across
dates. Regarding production taxes, the effective taxes are highest in Alaska, Wyoming
(state and local combined) and Louisiana, dl with effective tax rates in excess of ten
percent in 1997. Effective rates are lowest in Kansas and Texas, and California does not
levy aproduction tax. In 1997, effective property taxes were highest in Texas (4.4%),
Kansas (4.3%), and Cdifornia (3.4%). The highest effective tax rates on operating
profits of the oil and gas extraction industry, and industry in generd, are levied in Alaska
and Cdifornia. Again, Texas and Wyoming do not levy corporation income taxes. The
key factor determining effective royalty ratesis the volume of production on public lands.
In 1997, Alaska (14%), and Louisiana (5.7%) had the highest effective state royalty rates.
The highest effective federd roydty rate occursin Wyoming, 8.2% in 1997, followed by

New Mexico, 4.8%.



The Windfdl Profit Tax varies across states for any given year primarily because
of differencesin market prices and the relative importance of production by independent
versus integrated producers. The Windfall Profit Tax is much lower in Alaska because of
lower market prices, which reflect the high cost of trangporting oil to marketsin the
continental United States. The tax rates, shown in Table 2.1, for 1980 and 1985, are
lower than for the intervening years when market prices of oil were higher, particularly in
1981 and 1982.

The federd corporation income tax rate used for al states equals corporation
income tax receipts from oil and gas extraction divided by business receipts minus certain
costs we were able to calculated by state. The effective tax rates are as follows: 1970 .31,
1975 .42, 1980 .21, 1985 .14, 1990 .10 and 1997 .10. The steady decline in these rates
between 1974 and 1986 is due primarily to the decrease in nomina corporation income
tax rates during this period and reflect the decrease in reliance on business-type taxes at
both the federd and State levels, particularly during the 1980s.

Thefina column of Table 2.1 shows the share of oil production accounted for by
nonintegrated producers. While thefigure isimportant in caculating accounting profits
and the Windfdl Profit Tax, it dso providesingght into the structure of the oil industry
inthe mgor energy producing states. In the states of Wyoming, Texas, LouiSang,
Oklahoma, and New Mexico the share of production accounted for by independent
producers has increased steadily since 1975, and in all of these states production by
independents now accounts for over fifty percent of total production. The association
between the mgor declinein the rdative importance of production by integrated
producers and their loss of percentage depletion beginning in 1975 is noteworthy.

I ndependent producers have dways dominated production in Kansas, areatively
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unimportant oil producing sate. Conversely, integrated producers have accounted for the
vast mgority of oil production in Alaska, concentrated at Prudhoe Bay. Cdiforniaisthe
only mgor oil producing state in which the share of production by integrated producers
has increased sgnificantly since 1975.

Thetax structures for naturd gas are quite Smilar to ail, dthough nomind
production tax rates differ between oil and gas in some states. Notabl e differences occur
in Kansas and New Mexico. Both sates are important natural gas producing states, but
relatively unimportant oil producers. In Kansas, effective property and production tax
rates are higher for naturd gasthan oil. The pattern issmilar for New Mexico, where
production tax and royalty rates from public lands are considerably higher for natura gas
than ail. In Louisana, effective tax rates are considerably lower for natura gas than for
oil, largdy due to lower nomind or legd tax rates. Specificaly, the legd tax rate on ail
IS 12.5 per cent and the rate for natural gasis not less than seven cents per one thousand
cubic feet, adjusted annualy. State corporate income tax rates, not shown again in Table
2.2, arethe samefor natura gasand oil. They are cdculated for the oil and gas
extraction indugtry.

A comparison of effective rates by tax across states shows a pattern somewhat
amilar toail. In 1997, Wyoming (state and local combined) and New Mexico had the
highest effective tax rates on natura gas production, 12% and 11%, respectively. Kansas
had the highest effective property tax rate. Effective State roydty rates were highest in
Louisanaand New Mexico, and federa rates were highest in Wyoming and New
Mexico, reflecting the importance of production on public lands in these States.

Findly, the basic organizationd Sructure of the natural gas industry differs

somewhat from that of the oil industry in some states, at least in terms of extraction. For
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example, integrated producers account for the mgjority of natural gas production in
Wyoming, but not oil production. However, in the mgor oil and gas producing states of
Texas, Louisana, and Oklahoma, independent companies account for the mgor share of
production of both naturd gas and oil, and their share of production has been risng
Seadily.

Extending the comparisons of taxes among the energy producing states further, to
the point of ranking sates in terms of their tota or cumulative tax burden on the oil and
gas extraction indudtry, is not particularly fruitful and may be mideading. Asnotedin
the preceding section of this chapter, the three types of taxes, production, property and
income, have different effects on production, exploration and development. Moreover,
extraction, exploration and development cogts differ among the energy producing states,
too (estimates of these differences are presented in Chapter 3). Stated differently, state
and loca taxes are but one element affecting decisons to produce, explore and develop
nonrenewabl e resources and should not be considered in isolation from other key factors.

One form of inter-gtate tax comparison, called hypotheticd tax bill studies, is
based on a profile of ahypothetica firm, producing a certain amount of product,
generding a given amount of sales revenue with specified capitd, 1abor and other costs.
Hypothetical tax bills are calculated for this firm based on the tax structures of different
gates in which the firm might locate. There are severd important problems associated
with such studies. Firdt, the analyss assumes that al costs except taxes are the same
across dates, and normaly thisis an incorrect assumption, particularly in the case of ail
and gas exploration, development and production. Second, such studies assume that the
firm uses the same factor inputs in the same proportions, such as capital and labor,

irrepective of the geographic location. Stated differently, it is assumed that the
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production function is fixed and identicd irrepective of where the firm locates. Again,
thisis usualy an incorrect assumption, particularly since production costs differ across
locations. Findly, the hypotheticd firm seldom exidts, and it is mideading to infer tax or
other costs for other plant or firm profiles different from the hypothetica firm created for

the tax comparison.
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ENDNOTES
For example, in Wyoming, there are certain exemptions or reductions in the state tax rate
for oil and gas production and they are not necessarily cumulative. Ther status as of
January 2000 is described here. Tertiary production resulting from projects certified by
the Wyoming Oil and Gas Conservation Commission after July 1, 1985 and before March
31, 2001 is exempt from the additional 2% minera excise tax for a period of five years
from the date of firgt tertiary production. (Ch. 72, Laws 1997; Sec. 39-14-205(c)). Oil
and gas produced from wells drilled between July 1, 1993 and March 31, 2003 (except
production from collection wells) is exempt from severance taxes for the first 24 months
of ail production up to 60 barrels per day or its equivalency in gas production, which is
sx MCF gas production per one barrel oil production, or until the price received by the
producer for the new production is equal to or exceeds $22 per barrd of ail, or $2.75 per
MCEF of naturd gas, for the preceding six months (Sec. 39-14-205(f)). Further, an
exemption from tax is available for incrementa oil or gas production resulting from a
workover or recompletion of an oil or gas well between January 1, 1997 and March 31,
2001 for aperiod of 24 months immediately following the workover or recompletion (Ch.
171, Laws 1997; Sec. 39-14-20%(g)). Oil produced from previoudy shut-in welsis
exempt from the basic minera excise tax and two additiona excise taxes (Sec. 39-14-
205(h), Sec. 39-14-111) for the first 60 months of renewed production or until the
average price received by the producer for renewed production is equal to or exceeds $25
per barrel of ail for the preceding sx months, whichever occurs sooner. A 1.5 % excise
tax isimposed on the extracted oil from wellsthat quaify for the exemptions (Sec. 39
14-204). Findly, for the period January 1, 1999 through December 31,2000 the

Wyoming severance tax on crude oil production is effectively reduced to 4%. For the
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above period, two components of the tax are each reduced to 1%, from 2%, unlessthe
average monthly price received by Wyoming crude oil producers, as determined by the
Department of Revenue, equals or exceeds $20 per barrel for three consecutive months,
in which case the 1% rate will terminate. Ch. 168 H.B. 274, Laws 1999, effective

January 1, 1999.
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Table2.1

Effective Oil Tax Rates, By State®

Wyoming
Production Royalties ShareNI
Year State Local State Federal Property  WPT  Production
1970 0.009 0.049 0.009 0.076 0.002
1975 0.036 0.048 0.009 0.076 0.001 290
1980 0.032 0.052 0.007 0.076 0.001 4.07 306
1985 0.053 0.061 0.008 0.077 0.002 393 341
1990 0.047 0.061 0.007 0.080 0.001 432
1997 0.057 0.062 0.008 0.082 0.002 581
Texas
Royalties Share NI
Year Production State Federal Property WPT Production
1970 0.042 0.003 0.00002
1975 0.043 0.015 0.00001 0.227
1980 0.037 0.015 0.00002 4.21 0.367
1985 0.044 0.011 0.00005 0.024 5.24 0.432
1990 0.033 0.007 0.00012 0.031 0.495
1997 0.043 0.009 0.00058 0.044 0.611
Louisiana
Royalties Corp. Share NI
Year Production State Federal Property Income WPT Production
1970 0.068 0.055 0.001 0.0046 0.030
1975 0.119 0.046 0.001 0.0033 0.032 0.05
1980 0.153 0.038 0.001 0.0018 0.057 3.20 0.122
1985 0.105 0.040 0.001 0.0033 0.050 5.08 0.406
1990 0.120 0.039 0.001 0.0036 0.050 0.456
1997 0.104 0.057 0.001 0.0040 0.056 0.523
Oklahoma
Royalties Corp. ShareNI
Year Production State Federal Income WPT Production
1970 0.052 0.004 0.03
1975 0.080 0.002 0.004 0.03 0.661
1980 0.079 0.002 0.003 0.03 6.91 0.691
1985 0.061 0.002 0.003 0.03 4.10 0.808
1990 0.068 0.002 0.003 0.03 0.716
1997 0.065 0.002 0.004 0.04 0.853




Table2.1

(Continued)
Kansas
Federal Corp. ShareNI
Year Production Royalties Property Income WPT Production
1970 .000 0.001 0.076 0.050
1975 .000 0.001 0.058 0.055 0.961
1980 .000 0.000 0.044 0.048 8.78 0.968
1985 0.034 0.000 0.056 0.042 3.65 0.955
1990 0.026 0.001 0.029 0.043 0.976
1997 0.025 0.001 0.043 0.051 0.970
Alaska
Royalties Corp. Share NI
Year Production State Federal Property Income WPT  Production
1970 0.031 0.145 0.0193 0.000 0.07
1975 0.073 0.182 0.0168 0.018 0.07 0.031
1980 0.076 0.04 0.0005 0.017 0.07 152 0.009
1985 0.122 0.121 0.0008 0.011 0.06 0.00 0.002
1990 0.099 0.099 0.0004 0.009 0.06 0.003
1997 0.128 0.140 0.0004 0.007 0.07 0.005
California
Royalties Corp. Share NI
Year State Federal Property Income WPT Production
1970 0.032 0.008 0.052
1975 0.052 0.008 0.073 0474
1980 0.050 0.006 0.064 5.25 0.496
1985 0.041 0.006 0.028 0.060 2.66 0.409
1990 0.025 0.006 0.033 0.059 0.339
1997 0.006 0.003 0.034 0.062 0.360
New Mexico
Royalties Corp. Share NI
Year Production State Federal Income WPT Production
1977 0.041 0.025 0.042 0.045 0.262
1980 0.033 0.017 0.041 0.043 514 0.265
1985 0.060 0.032 0.036 0.045 5.22 0.319
1990 0.056 0.019 0.046 0.048 0.438
1997 0.055 0.019 0.048 0.053 0.654

& All effective rates are tax or royalty collections, or liabilities, divided by the gross value of production,
except for corporation income and windfall profit taxes. The former isthe highest nominal or legal state
marginal tax rate reduced to account for tax deductions not reflected in the state datafor the oil and gas
extractionindustry. The latter is expressed in dollars per barrel of ail.
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Effective Gas Tax Rates, By State”

Table 2.2

Wyoming
Production Royalties Share NI
Year State Local State Federal Property Production
1970 0.008 0.045 0.008 0.071 0.007
1975 0.033 0.047 0.009 0.071 0.005 450
1980 0.039 0.062 0.008 0.064 0.001 422
1985 0.059 0.057 0.009 0.079 0.002 337
1990 0.054 0.063 0.008 0.085 0.003 Al
1997 0.051 0.068 0.009 0.103 0.004 431
Texas
Royalties ShareNI
Year Production State Federal Property Production
1970 0.082 0.004 0.00007
1975 0.067 0.015 0.00003 0.416
1980 0.066 0.015 0.00001 0.428
1985 0.080 0.011 0.00007 0.019 0.548
1990 0.057 0.009 0.00012 0.019 0.667
1997 0.044 0.007 0.00170 0.024 0.713
Louisiana
Royalties Corp. ShareNI
Year Production State Federal Property Income Production
1970 0.109 0.033 0.0011 0.0065 0.030
1975 0.142 0.031 0.0010 0.0062 0.032 0.077
1980 0.037 0.030 0.0004 0.0046 0.057 0.175
1985 0.024 0.035 0.0004 0.0089 0.050 0.335
1990 0.050 0.037 0.0013 0.0111 0.050 0.437
1997 0.034 0.041 0.0019 0.0130 0.056 0.579
Oklahoma
Royalties Corp. Share NI
Year Production State Federal Income Production
1970 0.052 N/A 0.003 0.03
1975 0.080 0.003 0.003 0.03 0.5847
1980 0.079 0.003 0.003 0.03 0.6142
1985 0.061 0.003 0.004 0.03 0.7287
1990 0.068 0.003 0.004 0.03 0.7509
1997 0.065 0.003 0.003 0.04 0.8113
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Table 2.2

(Continued)
Kansas
Federal Corp. Share NI
Year Production Royalties Property Income Production
1970 .000 0.002 0.076 0.050
1975 .000 0.003 0.058 0.055 0.6
1980 .000 0.002 0.044 0.048 0.6
1985 0.065 0.002 0.131 0.042 0.6
1990 0.066 0.003 0.084 0.043 0.6
1997 0.042 0.004 0.064 0.051 0.6
New Mexico
Royalties Corp. Share NI
Year Production State Federal Income Production
1977 0.085 0.050 0.073 0.045 0.556
1980 0.082 0.041 0.074 0.043 0.559
1985 0.113 0.058 0.075 0.045 0.492
1990 0.134 0.045 0.068 0.048 0.49
1997 0.110 0.037 0.100 0.053 0.628

2 All effective rates are tax or royalty collections, or liabilities, divided by the gross value of production,
except for corporation incometaxes. The latter isthe highest nominal or legal state marginal tax rate
reduced to account for tax deductions not reflected in the state data for the oil and gas extraction industry.



CHAPTER 3
TAXES, EXPLORATION, AND PRODUCTION
IN THE U.S. OIL AND GASINDUSTRY
3.1 Introduction

How do firms in exhaustible resource industries respond to changesin taxes? It is
tempting to look for answersto this question in the empiricd literature on tax competition
(see, for example, Bartik 1985, Helms 1985, Papke 1991, 1994, and Holmes 1998),
however these papers study behavior of manufacturing firms and assume that capitd is
mobile between geographic locations. In contrast, extractive firms are not free to go
wherever they please because they are tied to a geographicaly immobile reserve base that
makes up akey component of their capita stock. One option for such firmsisto use
time, rather than space, as the primary dimension across which to subdtitute in the face of
changesin taxeslevied. These subgtitutionsin the time dimension, of course, will dter
the proportions of exploration and production occurring & different locations. Y,
timing of activitiesis the fundamenta aspect of the extractive firm's problem and
information about location choices can be recovered as a by-product smply by
comparing development paths of different reserves.

This chapter develops an empirica framework that can be used to show how
changes in the use of dternative tax insruments dters the timing of exploration and
production by firmsin the U.S. ail and gasindustry. This framework embeds
econometric estimates into Pindyck’ s (1978) widedly cited theoretical mode of
exhaudtible resource supply, can be applied to any of 21 U.S. states that produce

sgnificant quantities of oil and gas, and dlows for interactions between taxes levied by



different levels of government. Thus, it is arguably superior to and more comprehensive
than previous efforts to develop econometric and/or smulation models of taxation and
natura resource exploration and production. For example, Deacon, DeCanio, Frech, and
Johnson (1990) and Moroney (1997) focus only on one state (Cdiforniaand Texas,
respectively), and do not demondtrate that their econometric equations are on solid
theoretical ground. Pesaran (1990), on the other hand, estimates an econometric model of
offshore il production in the UK that can be better justified theoreticdly, but does not
congder therole of taxes. Additionaly, smulation studies conducted by Y ucel (1989)
and Deacon (1993) congder different types of tax policies, but are amed mainly at
assessing the generdity of theoretica results obtained in more limited settings, such as
those obtained by Burness (1976), Conrad and Hool (1980), and Heaps (1985). Existing
amulation studies dso have the disadvantage of ignoring interdate differencesin
exploration and extraction costs, and do not allow for interactions between tax bases
clamed by different levels of government.

The remainder of the chapter is divided into three sections. Section 3.2 presents
the theoreticad modd used in the study. Section 3.3 presents empirica estimates of the
modd’s parameters. These estimates are obtained using panel data from the 21 most
important oil and gas producing states over the period 1970-1997. A brief conclusonis
presented in Section 3.4. Chapter 4, then, presents s mulation results showing how oil
and gas exploration and production in mgor producing states varies over timein response

to changes in production (severance) taxes and drilling cods.



3.2  Conceptual Framework

The andysis presented in this section extends Pindyck’s (1978) modd of
nonrenewabl e resource development to incorporate key aspects of federa, state and local
taxes facing the U.S. oil and gasindustry. Because the basc modd isfamiliar,
discusson in this section is kept to aminimum. Thismode explicitly trests both
exploration and production, but does not consider aspects such as uncertainty and grade
selection (see Krautkraemer 1998 for arecent survey of these issues). Perfectly
comptitive producers maximize the discounted present vaue of future operating profits
from the sdle of resources. The firm’s problem is to take (known) future output prices
and taxes as given and then choose optima time paths for exploration and production. A
singlefirmis used to represent the industry, so the common pool problem and well
gpacing regulations are ignored (McDonad 1994). Possble regulatory constraints on
output, such as those imposed by the Texas Rallroad Commission from the 1930s through
the early 1970s (Moroney and Berg 1999) or via dow release of drilling areas on public
land by government authorities (McDonald 1994) are ignored as well.

For amplicity and because of data congtraints discussed in the next section,
exploration here is defined to include resource development, athough the two activities
clearly are not the same (Adelman 1990). The am of exploration isto add to the reserve
base, which in the modd represents aform of immobile capita. Oil and gas are treated
jointly in the andysis, rather than as separate industries, because wells are classified as
oil or gas (or dry) only after the outcome of drilling is known and ail fields sometimes
produce so-caled associated gas. Problems of aggregating across fields (ignored here)

and the treatment of joint production are discussed more fully by Bohi and Toman (1984,



Chapters 3, 5) and Livernois (1987, 1988). However, differencesin the quality of oil or
differences in trangportation cost are implicitly treated in the model by adjusting prices
received by operators.

Asnoted in Chapter 2, indtitutiona features of taxation facing oil and gas
producers are complex. Incorporating these aspectsinto the model, however, is not

difficult conceptudly. The firm’'s maximization problem is

aw W= [ap- C(q,R) - D(w)- gRle " dt (31)
subject to

R=x- q (3.2

x=f(w,X) (3.3

93 0,w3 O,R3 0,x° 0 (34)

where adot over avariable denotes atime rate of change, g denotes the quantity of il
and gas extracted measured in barrels of oil equivdent (BOE), p denotes the exogenous
market price per BOE net of al taxes, C(3¥ denotesthetotal cost net of taxes of extracting
the resource, which is assumed to depend on production (q) and reserve levels(R), D(w)
denotes tota cost of exploration for additiona reserves net of taxes, w denotes
exploratory effort, g denotes a constant effective property tax rate on reserves, r denotes
the discount rate which represents the risk-free red rate of long-term borrowing,

x denotes cumulative reserve additions (discoveries), f (3 denotesthe production

function for gross reserve additions (), and R denotes reserve additions net of

production (q) .
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In this formulation, the net- of-tax price per BOE is related to the wellhead (pre-

tax) price (p') accordingto p =a, p , where a, isafunction of federdl, state, and local

tax ratessuchthat 0 <a, <1. Correspondingly, C(q,R) =a,C'(q,R) and
D(w) =a,D"(w), where ac and a, dso are functions of tax rates and lie on the unit
interval. Also in this section, to make the modd easier to explain, taxes are assumed
fixed for the duration of the program. More complete discussion the tax parameters (&,
j=p,c,D) aswell as smulation of tax changesis deferred to Chapter 4. However, three
aspects should be noted before proceeding further. First, in generd, a, < a. because
production taxes and public land royalty rates, unlike corporate income tax rates, are
applied to gross revenue rather than net revenue. Second, a, reflects, among other things
the opportunity to expense intangible drilling costs. Third, the &; are treated as
independent of g(see endnote 1).
The Hamiltonian for this problem is

H=qgpe"-C(q,Re"-DwWe"-de" +I,[f(w,x)-qg+I,[f(wX)]. (3.5)
Propertiesof C(¥ and f (yindude C, >0, C,, >0, C, <0, C > 0O, f, <0, f, >0,
and f,, <0. These conditionsimply that margina extraction costs are postive and
increasewith g, and extraction costs rise asthe level of reserves declines. Also, f,, >0
and f ,, <O capturetheideathat the margind product of exploratory effort is podtive
and decreaseswith w, and f, <O indicates that it becomesincreasingly difficult to make

new discoveries of reserves as exploration effort cumulates. The cost of exploratory

effort, D(, increaseswith w at a constant rate, Dy, = 0. Increasing margina cost of



exploration (Dyy > 0) would presume a monopsonidtic rather than a perfectly competitive

firm.
Differentiating H with respect to R, g, X, and w yidds
I, =(Cr+g)e™
pe"-Ce"-1,=0
I,=-f(1,+1)
-De"+f, (,+1,)=0.
In equation (3.7), | , isthe discounted shadow price of the reserve Sate. Itiseasly

shown that this shadow price can be decomposed into two componentswhere |, = (p -

(3.6)
(3.7)
(3.9)

(3.9)

.
Coe'™ - () (Cr+Qe™ds. Theterm, (p - Cq)e™, representsthe present vaue of future
t

operating profits a the margin. Thesearezeroif | ,(T) = O (see the boundary condition

T

discussion below). The second term, - () (Cr + g€ ds, denotes the present value sum
t

of future cost increases (for asufficiently smdl g resulting from margindly reducing the
reserve stock today (Levhari and Leviation, 1977). Inequation (3.6) |, <O if

Cr <0,Cy > 0, andg (thetax effect on reserves) is sufficiently small. Incressesin g
lower thetimerate of changein | ;.  From equation (3.8) and equation (3.9), the

term(l , + 1 ,) equas the discounted vaue of the margina cost of adding another unit of
reserves by exploration (discoveries) [D,, / f, ]Je ™. Because 0 < ap< 1, thismargind
cost islower than in the pretax case. The shadow price of cumulative reserve additions,

| ,, isexpected to be negative (and small relativeto | ;) for oil and gas because current
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reserve finds increase the amount of exploration needed in the future. The evolution of
this shadow priceisincreasing, |, > 0, because f, <O.

Optimd time paths for g and w can be obtained by manipulation the optimdity
conditions. The evolution of q is obtained by differentiating equation (3.7) with respect
to time and setting the result equal to equation (3.6) to diminate | ;. Thisyidds equation
(3.10).

. r(p- Cq)+ p' CqRR- (CR+9)
q-= C :

qq

(3.10)

In equation (3.10), theterm -r(p - Cq) < O denotes the effect of discounting on the rate of
changein production over time. Incentives to increase production in early periods prevail
because future revenues, net of extraction codts, are discounted. If a, < ac, however, this
incentive is reduced as firms attempt to minimize the impact of taxation on net revenue

by tilting production to the future. If pricesincrease over time, p > 0, the negative
discounting effect can be a least partidly offset, but even when p = rp, where price rises
with the discount rate, extraction ill can decline over time depending on the relative

magnitudes of the cost derivativesin the numerator of (3.10). Theterm, -Cr R,

represents the marginad impact of reserve depletion over time. If reservesfal over time,
margind extraction codsrise, thus attenuating production. Theterm (Cr + g) relatesto
the decline in the shadow price of adding reserves. If g > O, production istilted to earlier
periods as firms attempt to escape the impact of the tax by lowering reserves.

The optimd time path of w can be determined using equation (3.7) and equation
(3.9) to solvefor | ,,, differentiating with respect to time to obtain an expression for |,

equating the resullt to equation (3.8) and rearranging terms.



W= D,I(f, [/ f,)xf-f +r]+(C;+0)f,
B [ Dy (o / £)]

(3.12)

The (positive) denominator of equation (3.11) is f, timesthe derivative of the marginal
cost of reserve additions with respect to w, (1(D,,/ f,,)/fw). Thus if g= 0, the
trgjectory of exploratory effort is determined by atradeoff between the cost of finding
new reserves (Dy,) and the extraction cost savingsthis new level of reservesbrings. A
property tax levied on reservesin the ground (g > 0), tends to offset the extraction cost
savings effect and push exploration into the future. On the other hand, generous tax
trestment of drilling expenses (ap < 1) have the opposite effect, by providing an
incentive to increase exploration in the early years.

Boundary conditions can be established by first assumingthet D, / f, =0 when
w =0 (see Pindyck 1978, pp. 846-47). In this sStuation, when production ceases at some
termind time T , exploration ceases at the same time because it is of no further vaue.
Also, | ,(T) =0 aslong asthere are no terminal costs associated with cumulative
discoveries. In consequence, from equation (3.9), | ,(T) =0 impliesthat operating profit
on the last unit of reserves extracted is zero, p = C,. An dternative termina State centers
onthecasewhere D,/ f,, = F >0, when w = 0. In thisStuation, production will
continue after exploratory effort ceases. Let T, < T denotethetimewhen w = 0. If
exploratory effort is zero, fx = 0, hence | ,(T;) = 0 and | ,(T,) =0. From (3.7) and
(3.9), p—Cq=14(T)€'=F = D,/ f,, which indicates that exploration will stop just asp

— Cq approaches margina discovery cogt, F. Thesetwo dterndtive termina conditions
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are discussed in the next section as well asin connection with the smulations presented
in Chapter 4.
3.3  Estimation

As shown in equations (3.10) and (3.11), the evolutions of w and q are nonlinear
functions of both the levels of these variables and the previoudy defined tax parameters.
In consequence, rather than attempt to obtain econometric estimates of these two
equations directly, equations for exploration costs (D), production of reserve additions
(), and extraction costs (C) are estimated and then substituted into the model aong with
estimates of the tax parameters ap,, ac, and ap. Effects of tax changes then are obtained
by smulation. Estimates of equationsfor D° and f are treated together in Part a of this
section because they are used to compute the marginal cost of reserve additions (D, / fu)
which isacrudid function of the model described above. The equation for C” istreated
in Part b.

3.3.a Marginal Cost of Reserve Additions

The before-tax marginal cost of reserve additions (D, / fu) is computed from
estimates of equations for drilling costs and for the production of reserve additions.
Drilling cogts are modeled in equation (3.12) as proportiond to drilling effort.

D" (w)=fwe" (3.12)

This gpproach ensures that the objective function (see equation 3.1) represents a perfectly
compstitive firm, as previoudy assumed. In equation (3.12), f isthe parameter to be
egtimated, and the disturbance term € is lognormaly distributed with mean of unity and
variance s>, Databy state and over time on labor, capital, and other primary inputsto

drilling are unavailable, so the annual number of wells drilled in agateisused asa
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measure of drilling effort (w). Data on footage drilled also could be used as a measure of
w. However, in the data set applied (see below) the number of wells drilled is postively
correlated with total footage drilled (Pearson correlation = .98). Also, tota drilling cost
is gpproximately proportiond to both footage and the number of wells, so to some extent
the two variables measure the same thing. Asdiscussed in Section 3.2, cumulative
reserve discovery (x) appears as an argument in the production function for new reserves
(see equation 3.13 below). A proxy for x can be congtructed from available data
(American Petroleum Ingtitute, 1971) on the total number of wells drilled by state snce
1859 (when thefirgt oil well was drilled in Pennsylvania), whereas corresponding data on
tota footage drilled since that date are not available. Thus, use of number of wellsasa
measure of drilling effort amplifies the smulations presented in Chapter 4 and diminates
the need for arbitrary assumptions about historical average depth per well.

The production function for reserve additionsis specified as

f(w,x) = Aw' e” PXeV (3.13)

where A, r, and b are parameters to be estimated and the multiplicative disturbance €’ is
assumed lognormally distributed with mean of unity and variance s, The functiond
form sdected for f issamilar to the equation describing the discovery process proposed by
Uhler (1976) and later adopted by Pindyck (1978) and Pesaran (1990). The idea behind
this equation is that the margind product of exploration declines as reserve discoveries
cumulate. As previoudy discussed, data on cumulative reserve discoveries of oil and gas
are unavailable, so the cumulative number of wells drilled by state was used as a proxy.
Asin thedrilling cost function, the annua number of wells drilled is used as a measure of

w.



Drilling cost and reserve production functions are estimated using annua data
from 21 U.S. gates for which complete information on wells drilled, drilling cogis,
reserve additions, and cumulative drilling could be assembled for the period 1970-97.3
Regarding cogts, operators report the total cost (both tangible and intangible) of each well
completed (indluding dry holes) viathe Joint Survey on Drilling Costs* Oil and gas
reserve additions are comprised of extensions, new field discoveries and new reservoir
discoveriesin old fields as defined by the U.S. Department of Energy, Energy
Information Administration (DOE/EIA). Asshown in Table 3.1, the 21 satesincluded in
the data set accounted for 97% of U.S. ail production, 94% of U.S. gas production, and
96% of BOE production of oil and gas. BOE production was calculated by noting that
5,626 cubic feet of gasisthe BTU equivdent of 1 barrd of oil.

Data sources, definitions, and sample means of variables used in the andysis are
presented in Table 3.2. Estimates of equation (3.12) used the naturd logarithm of
TRCOST as the dependent variable and estimates of equation (3.13) used the natural
logarithm of ADDED RESERVES as the dependent variable. An instrument for the
naturd logarithm of WELLS was used as an explanatory variable in estimating both
equation (3.12) and equation (3.13) with CWELLS entering equation (3.13) as the proxy
for x. Instrumental variable estimation is gppropriate because w is an endogenous
variable in the modd presented in Section 3.2. Congtruction of the insrumenta varigble
for w is discussed momentarily. Asshown in Table 3.3, WELL S varies subgtantialy over
time for given states. In Oklahoma and Texas, for example (also see Figures OK 1 and
TX1), drilling increased draméticaly during the late 1970s and early 1980s and then

amply collapsed as energy prices sharply declined in the mid-1980s. Vaiaionin



drilling activity over this period was not as pronounced in other mgor energy producing
dates and drilling activity in al states was generdly lower through the 1990s than in the
early 1980s.

An ingrument for w was obtained by predicting the naturd logarithm of the
number of wells drilled from the one-way fixed-effects regression reported in Table 3.4.
Time-specific effects tested inggnificant at conventiond levels. PRICE and CWELLS
were included as explanatory variables because they are exogenous variablesin the
modd. PRICE2, CWELLS2, and PRICE* CWELLS were included to account for nor
linearities expected in light of relationshipsin the modd. All estimated coefficients are
ggnificantly different from zero. The margind effect of WELLSwith respect to PRICE
increases at adecreasing rate. The Pearson correl ation between the actud va ues of
LN(WELLS) and the corresponding predicted values, LN(PREDWELLS), is 0.96.

Estimates of equation (3.12) are obtained by restricting the exponent on w to
unity in atwo-way fixed effects framework. Following the assumption of perfect
competition, this restricted estimation procedure is necessary and will yield constant
margind drilling costs. The two-way fixed effects approach is a smple way to control
for heterogeneity across states and over time. Examples of state-specific effects include
geologic conditions, geographic remoteness of on-shore oil and gas resources, and
whether drilling occurs in off-shore coastal waters (note that most states in the data set
are landlocked). Time varying factors common to dl states may include technologica
advancement and macroeconomic cycles. For the drilling cost equation, each state-

specific effect for agiven year, conveniently, becomes the state- specific estimate of f .



Edtimates of equation (3.13) are obtained in a one-way fixed effects framework
that yields common estimates of the dope coefficients across states and corrects for first-
order serid corrdation.®  The one-way fixed effects estimation with correction for serid
correlation is used for four interrelated reasons. Fird, this approach isasmple way to
control for, yet avoid enumerating, unique aspects of states that affect reserve additions,
but do not change over time. Second, time-specific effects are not jointly sgnificant at
conventiond levels, making estimation in atwo-way fixed effects framework
unnecessary. Third, the random:-effects specification, in which state-gpecific effects are
treated as error components, is regected by a Hausman (1978) test at the 5% level of
sgnificance (see Table 3.6). Moreover, conditiond estimates of the effects on reserve
additions obtained from fixed- effects are thought to be of greater interest than
corresponding unconditiona estimates obtained using random effects. Fourth, the null
hypothesis of no serid correlation is rgjected at the 1% level, hence, the equation was re-
estimated with correction for first-order serid correlation.

Table 3.5 reports instrumental variable estimates of the drilling cost equation for 7
magjor producing states. The 1997 dtate- specific estimates of f have been corrected for
the fact that the equation was estimated in logarithmic form (see Greene 1997, p. 279).
As shown, R? is 0.92 with state and time-speific effects jointly significant under the
appropriate F-tests. Results suggest that total drilling costs increase with w and that
constant margind drilling costs (D, ) differ substantially acrossthe 7 states shown.
Estimates of the reserve addition equation are shown in Tables 3.6 and 3.7. In Table 3.6,
the coefficient of LN(PREDWELLYS) is0.48. Thisedimate is sgnificantly different from

one and zero a conventiond levels. Thevaue of R is 0.85 and the state- specific effects



are jointly sgnificant under the appropriate F-test. Also, the negative coefficient of
CWELLS, though inggnificant a conventiond levels, suggests that reserve additions
decline with the passage of time as new reserves become more difficult to identify. Table
3.7 presents the corrected state-specific intercept terms for 7 mgor producing states.
Results suggest that the margina product of drilling (f.) decreases with wells drilled and
this margina product would vary between states even if the number of wells drilled were
the samein each.

Egtimates of the two equations combined suggest that margina cost of reserve
additions (Dy /f,) increases with drilling activity. Asw increases, the marginal cost of
drilling is congtant, but the margina product of drilling in finding new reserves (f,) fdls.
Table 3.8 shows how vauesof Dy, , fw, and Dy, /fy differ by state for seven of the major
producing states, assuming that the sample mean of 1647 wells are drilled in each.
Column 4 of Table 3.8 depictsthe pre-tax average cost of adding a BOE of reserves,
assuming the same 1647 wells are drilled. Pre-tax average cost is caculated by dividing
totd drilling cost (D(w)) by tota reserve additions (f(w,x)). Thelast two columns of
Table 3.8 show the margind and average cost of reserve additions cal culated with 1997
data. All cost calculations are made with the instrumentd variable coefficients and adjust
the state-specific estimates of f and A for the fact that both the drilling cost and reserve
additions equations were estimated in logarithmic form. As shown, values of D, and .y
reflect considerable variation across the seven sates. Estimates of margind drilling cost
range from $89,878 in Kansas to $1,125,920 in Louisana. Margina reserve additions
from drilling (f,) range from 8,754 BOE in Kansasto 112,328 BOE in Louisana. Thus,

whiledrilling in Louisanais rdaively more expengve than in Kansas, Louisana
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experiences agreater payoff from these more costly exploration and development efforts.
Corresponding values of D, /f,, for the other five states range from alow of $7.04 per
BOE in New Mexico to ahigh of $11.24 per BOE in Texas. Likewise, average cost of
reserve additions aso vary across states from $5.09 in Oklahomato $6.74 in Texas. As
expected, average cost estimates are gppreciably lower than their marginal counterparts.
Edtimates usng 1997 data show how margina and average cost of reserve additions vary
when each date drills a different number of wells. The higher costsin Texas can be
attributed to resource depletion and the diminished prospect of finding new reserves. As
a consequence, Chapter 4 smulations for Texas are expected to reflect levels of drilling
and production morein line with those sampled in the late 1990s rather than totd sample
means.

3.3.b  Extraction Costs

Direct operating (lifting) cost for both oil and gas by region at depths of 2,000,
4,000, 8,000, and 12,000 feet are available from annua studies published by the U.S.
Department of Energy, Energy Information Adminisiration (EIA) for the period 1970
1997. However, these data are of limited value for two reasons. First, cost estimates are
not aways disaggregated to the state level and cost estimates for other states may not be
representative of al production. Second, through the mid-1980s, price controls on ail
and/or gas digtorted production incentives, making historical extraction cogts difficult to
compare with extraction costs in more recent years. As a compromise, following Deacon
(1993), vaues of extraction cost parameters were calibrated as follows. Assume that

production is represented by the Cobb-Douglas function, g = Vn"R"™ where n denotes all

norreserve inputs to the process. The constant cost per unit of niss, with the congtant



user cost per unit of reserves denoted as G A firm's profit would take the form, pvn™®-™
- s n- R yidding the profit maximizing necessary condition,
s n/R=M(1-n) (3.19)
Given the level of reserves, acost function can be derived taking the form
C(q, R = kqR"® (3.15)

where e= 1/mand k isafunction of V and the (constant) price of nonreserve inputs.
Edimates for k and mare established from the data on operating cost, drilling cog,
production, reserve additions, and reserve levels described above. Table 3.9 reportsthe
time means of key variablesusad in thisanayss.

Smply, s n equas average totd lifting costs (averaged over dl depths per joint
production, in $1995) and QR represents the average total cost (in $1995) of reserves
held. Thus, the left-hand side of (3.14) is Smply the cost shareratio of the two
production inputs with the user cost per unit of reservesexpressed asG=(r + (q/ R))S
Here, r isthe discount rate, g/ R represents the depreciation rate of reserves, and S
denotes average drilling costs (in $1995) per BOE reserve additions (a proxy for the asset
price of reserves). Findly, k ischosen asthe vaue that drives the production cost
modeled to an average leved of lifting costs representative of the 1997 EIA surveyed
estimates described above. 1n an effort to avoid ‘ double-counting’ reserve acquisition
costs, the user cost per unit of reserves enters the production cost analysis solely to
cdibrate the production function input shares depicted by the right- hand-side of equation
3.14. Table 3.10 depicts non-reserve input shares (Mand pre-tax margina extraction

costs (Cg) for the 7 mgjor producing states. Oil production as a percentage of a state's

tota BOE production isincluded in the first column of Table 3.10 in order to put the
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margina cost estimates into perspective. Surveyed ail lifting costs per BOE are
markedly higher than those for gas, hence, the relatively higher proportiona cost in
Cdifornia

The Cobb-Douglas form for extraction costs insures that these costs will rise
without limit as reserves approach zero. This condition impliesthat apostive leve of
reserves will remain a any termind time T.  Likewise, the functiona form invokes a
grictly positive level of production given any positive level of reserves. Thus,
smulations reported in Chapter 4 are based on the second of the two dternative boundary
conditions discussed in Section 3.2. This condition implies that production continues
after incentives for further exploration vanish and that the terminal date for maximizing
discounted operating profits must be set arbitrarily. Thisfixed program period could be
interpreted as the producer’ s relevant planning horizon. Similar conditions are found in
the smulations of both Y uce (1989) and Deacon (1993).
3.4  Conclusion

This chapter has developed a generd theoreticd modd of profit-maximization
over timeinthe ail and gasindugtry. Thismodd extends Pindyck’s (1978) semind
contribution on exploration and production from nonrenewabl e resources by alowing for
different types of taxation by federd, Sate, and loca governments. Theoretica results
obtained from the model determine the optimal time path of exploration and production
aswel as how these paths are affected by dternative forms of taxation. Estimates of the
model’ s underlying equations then were obtained using publicly available dataon
drilling, drilling costs, production, production costs, reserve additions, and other variables

for 21 U.S. states over the period 1970-97. Chapter 4 usesthis mode to smulate effects



of production (severance) tax changesin Wyoming and in 5 other mgor oil and gas

producing states. Drilling incentives are dso smulated.
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ENDNOTES
'Pindyck’s (1978) original specification of the extraction cost function is retained herein
Site of the logica incongstencies discussed by Livernois and Uhler (1987) and
Swierzbinski and Mendelsohn (1989). These authors argue that Pindyck’ s extraction cost
function is defensble when reserves are of uniform quality but in the presence of
exploration, reserves must be treated as heterogeneous because the most accessible
deposits are added to the reserve base first.  They show that aggregation of extraction
costs across heterogeneous depositsis not valid except under specia circumstances.
Anacther problem with this function is that extraction costs should be afunction of g The
extraction cost function derived from profit-maximization at apoint in time subject to a
production congtraint would have gas an argument because the reserve base is an input to
oil and gas production. These complications are ignored in the analys's below because of
severe data congtraints on estimating the extraction cost function. (see Section 3.3).
2Equation (3.11) can be smplified by choosing a functional form for reserve additions
such asthe one used in Section 3.3 (see equation 3.13). Inthiscase, (fux/ fw)>f - fx = 0.
3The Energy Information Administration (USDOE) and the American Petroleum Institute
(1999) report annual production data for 31 states over this period, but data on reserve
additions, cumulative drilling, and drilling costs are not available in dl yearsfor the 10
smallest producing stetes.
“Mgior cost items are for |abor, materials, supplies, machinery and tools, water,
trangportation, fuels, power, and direct overhead for operations such as permitting and
preparation, road building, drilling pit construction, erecting and dismantling

derrickg/drilling rigs, drilling hole, casng, hauling and disposd of waste materids and
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Steredtoration. For additiond details, see Joint Association Survey on Drilling Codts,
Appendix A (1996).
®Equation (3.13) was a0 estimated alowing for both state-specific intercepts and state-

specific coefficientsfor r and b. This srategy was unsuccessful asit yielded mostly

indgnificant estimates of date- pecific dope interactions.



Table 3.1

Oil and Gas Production By State and U.S. Totds

1970-1997

Oil Production Gas Production (Bcf) Total Production
State (MMbbls) (MMBOE)®
Alaska 12,810 8,307 14,286
Alabama 484 4,552 1,293
Arkansas 427 4,252 1,182
Cdifornia 10,026 10,797 11,945
Colorado 872 6,817 2,084
Horida 549 549 647
lllinois 647 33 703
Indiana 123 8 125
Kansas 1,702 19,183 5112
Kentucky 183 1,943 528
Louisana 6,559 75,522 19,983
Michigan 622 4,107 1,352
Missssppi 1,006 3,235 1,581
Montana 751 1,382 996
N. Dakota 937 1,301 1,169
Nebraska 176 64 188
New Mexico 2,274 32,173 7,993
Oklahoma 4,037 53,031 13,463
Texas 25,650 191,785 59,739
Utah 805 3,109 1,358
Wyoming 3,301 13,964 5,783
21 State Totd 73,941 436,114 151,459
% of U.S. Total 97% 94% 96%
(Excluding Federd
OCS production)

85,626 cf of gasisthe BTU equivalent to 1 bbl of oil.

Source: U.S. Dept. of Energy, Energy Information Administration



Variable

Table 3.2

Data Sources, Sample Means, and Variable Definitions

Definition

TRCOST

ADDED
RESERVES

WELLS

CWELLS

PRICE

PRICE2

CWELLS?

PRICE *
CWELLS

Totd drilling cogt in millions
of 1995 dollars, by state and year,
for dl well types.

Oil and gas reserve extensons,
new field discoveries and new
reservoir discoveriesin old fields,
by state and year in millions of
barrd of oil equivaent.

Tota wdlsdrilled in a gate by
year.

Cumulative totd wdlsdrilledin
adate beginning in 1859.

Average oil and gas price, by
state and year, in 1995 dollars per
barrd of oil equivaent.

Average redl price per BOE
squared.

Cumulative total wells squared.

Interaction of red price and
cumulative totd wells.

Source Mean
Joint Association Survey 928.7
on Drilling Costs Annud.

US Energy Information 1164
Adminigraion, U.S. Crude

Oil, Natural Gas, and Natural

Gas Liquids Reserves. Annud.

Joint Association Survey 1646.8
on Drilling Costs Annud.

American Petroleum 1.04E+5
Indtitute, Petroleum Facts

& Figures. 1971 Ed.

American Petroleum 19.22
Ingtitute, Basic Petroleum

Data Book. Annud.

-- 472.9
-- A14E+11
-- 183E+7



Table 3.3

WedlIs Drilled in the 7 Mgor Producing States

1975,80,85,90,95
State 1975 1980 1985 1990 1995
Cdifomia 2166 2466 3335 2178 1197
Kansas 3285 5516 6224 2596 1513
Lovisana 3085 5080 5486 1740 1354
New Mexico 1057 2031 1689 1278 858
Oklahoma 3616 8932 7244 2642 1796
Texas 12374 18824 23114 8487 7972
Wyoming 1246 1322 1463 756 444



Table3. 4

One-Way Fixed Effects,
Congruction of Instrument for LN(WELLS)

Explanatory Coefficient
Variable (t-atidtic)
PRICE 0.59E-1
(7.40)
PRICE2 -0.437E-3
(-3.14)
CWELLS -0.135E-4
(-6.86)
CWELLS2 0.764E-1
(5.38)
PRICE*CWELLS 0.456E-7
(2.93)

SUMMARY STATISTICS

NT 588
R? 91
F(20,563) 106.72
F(27,535)° 1.27

& Test statistic for joint significance of state-specific effects.
b Statistic for testing joint significance of time-specific effects after removing state effects.
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Table 3.5

Two-Way Fixed Effects, Insrumental Variable
Estimates of the Redtricted Drilling Cost Function

Corrected 1997 Estimates of f for 7 Mgor Producing States’

Corrected Fixed Effect

CALIFORNIA 0.256
(7.09)
KANSAS 0.09
(6.91)
LOUISIANA 1.126
(7.08)
NEW MEXICO 0.401
(6.04)
OKLAHOMA 0.360
(8.05)
TEXAS 0..377
(7.12)
WYOMING 0.524
(6.98)

SUMMARY STATISTICS

NT 588
R? 92

F(20,567)° 120.6
F(27,539)° 6.7

& Coefficient on LN(PREDWELLS) restricted to unity. See Greene (1997), p. 279 for specific details on
intercept bias adjustment. 1997 time-effect added.

b Statistic for testi ng joint significance of state-specific effects.

¢ Statistic for testi ng joint significance of time-specific effects after removing state effects.



Table 3.6

One-Way Fixed Effects, Insrumenta Varigble
Edtimates of the Resarve Additions Function

Explanatory Coefficient
Variable (t-statistic)
LNPREDWELLS 0.48
(4.29)
CWELLS -0.16
(-1.10)

SUMMARY STATISTICS

NT 588
R? .85

F(20,566)% 84.4
F(27,538)° 1.01
RHO 428
Hausmarf® 6.81

& Statistic for testi ng joint significance of state-specific effects.
b Statistic for testi ng joint significance of time-specific effects after removing state effects.
© Statistic for testi ng consistency of corresponding random effects estimates.
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Table 3.7

One-Way Fixed Effects, Insrumenta Varigble
Edtimates of the Reserve Additions Function

Corrected Estimates of A for 7 Mgjor Producing States®

Corrected Fixed Effect

State (t-statistic)
CALIFORNIA 1.46
(2.31)
KANSAS 0.66
(1.09)
LOUISIANA 8.39
(2.71)
NEW MEXICO 3.06
(1.78)
OKLAHOMA 421
(1.84)
TEXAS 8.28
(2.12)
WYOMING 3.57
(2.12)

& See Greene (1997), p. 279 for specific details on intercept bias adjustment.
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Table 3.8

Pre-tax Margind Drilling Cogt, Margind Product of Drilling,
Marginal and Average Cost of Reserve Additionsfor 7 Mgor Producing States

State Dw (in$) fu(in BOE)® D, /fu? Ave. Cost? Dw /fa° Ave. Cost?
Cdifornia 255,483 22,961 11.13 6.68 12.37 742
Kansas 89,878 8,754 10.27 6.16 1015  6.09
Louisana  1,125920 112,328  10.02 6.01 993 596
New Mexico 401,158 57,007 7.04 4.22 6.04 3.63
Oklshoma 359,767 42,418 8.48 5.09 9.40 5.64
Texas 377,245 33,561 11.24 6.74 1478 887
Wyoming 524,343 59,695 8.78 5.27 7.85 471

& Assumes each state drillsthe sample mean of 1647 wells. State-specific cumulative wellstotal is set to
actual 1997 valuesin al calculations. The pre-tax average cost of reserve additions represents total
modeled drilling cost divided by total modeled reserve additions.

b Assumes wells drilled at the actual 1997 count. State-specific cumulative wellstotal is set to actual 1997
vauesinall calculations. Likewise, pre-tax average cost of reserve additions is modeled with 1997 sample
datafor each state.
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Table 3.9

Time Means of Rdevant State Variables

Average Real
Reserve Production / Drilling Cost /
Real Price Production Additions Reserves Total Reserves  Reserve Additions
(per BOE) (inBOE) (in BOE) (in BOE) Wells (in %) (per BOE)
Alaska 15.04 510 74 12140 115 5 7.04
Alabama 21.78 46 23 389 278 14 7.43
Arkansas 17.27 42 25 427 434 10 5.88
Cdifornia 19.19 427 100 5192 2001 8 7.66
Colorado 17.58 74 59 916 1129 8 6.66
Horida 22.64 23 7 136 21 17 571
lllinois 27.13 25 3 162 1124 16 39.00
Indiana 26.99 5 2 29 392 18 13.50
Kansas 14.36 182 44 2157 3465 9 9.93
Kentucky 16.93 19 6 183 1122 11 13.67
Louisana 15.65 713 627 8863 3081 11 7.28
Michigan 21.23 48 33 369 609 13 6.12
Missssippi 18.74 57 30 435 401 13 11.70
Montana 19.75 36 18 363 506 10 10.28
N. Dakota 2111 41 26 315 288 13 11.65
Nebraska 23.93 7 2 34 240 20 18.50
New Mexico  15.17 285 131 3155 1210 9 511
Oklahoma 15.43 481 254 3559 4302 14 9.54
Texas 16.17 2134 813 17860 12610 12 8.20
Utah 19.02 49 29 489 230 10 18.07
Wyoming 17.90 206 139 2345 1028 9 6.22

Sample Tota 19.22 258 116 2834 1647 12 8.00
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Table 3.10

Qil Production Percentage, Non-Reserve Production Input Share m
and Pre-tax Margind Extraction Cost for 7 Mgor Producing States

State
Cdlifornia
Kansas
Louisana
New Mexico
Oklahoma
Texas

Wyoming

1997 Qil Production %?

85

25

26

20

22

32

36

&Asa percent of total BOE production in 1997.

® Calculated at 1997 levels for production and reserves.
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m

.26

12

A7

.29

23

27

.32

C. b
5.52
212
3.63
3.29
3.15
3.75

4.61



CHAPTER 4

TAX AND COST SIMULATIONS

4.1  Introduction

The modd presented can be smulated for a given Sate using the empiricd
estimates from Section 3.3 together with estimates of the tax parametersgand & (j = p,
C, D). Smulaion results are smply forward-1ooking numerica solutions of optima time
paths, which can be dtered and compared by varying key parameters. Asindicated
previoudy, this Chapter of the report consders the effects of dtering production
(severance) tax rates and granting tax incentives. This chapter isdivided into Six
additional sections. Section 4.2 describes the genera conditions that form the basis of
comparison for al state smulations. Section 4.3 presents a detailed derivation of tax
parameters for states Smulated. State Smulation results are compared in section 4.4. In
an effort to test the sengtivity of the model, atax scenario comparison for Wyoming is
discussed in section 4.5. Impacts on production and drilling from reducing drilling costs,
through state incentives or technologica advancement, are presented in section 4.6. Brief
summary comments are offered in section 4.7.
4.2  Baseline Conditions

All state smulations were performed with the discount rate, r, set at 4% to reflect
the risk-freered rate of long-term borrowing. Thisfigureis comparable to discount rates
used in prior Smulation udies of effects of taxation on nonrenewable resource
exploration and extraction. Econometric estimates of equations (3.12) and (3.13) along

with the state- specific cdibrated production cost equation (3.15) are employed. The
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initia value of reserves and cumulative wdls drilled are fixed to year-end 1997 levels for
esch state Smulated.

A base case for each Sateis created by fixing the future price path to $19.22 per
BOE each year, representative of the 1970-97 U.S. national mean for the real wellhead
price per BOE (see Table 3.2). ThisBOE red price denotes anational, oil and gas
production share, weighted- average of the 1970-97 red sample mears; $24.60 per barrel
oil and $2.15 per Mcf gas. The perspective taken views the supply of asingle state asa
smdl fraction of anationa or world market supply, therefore, taxes levied are assumed to
have no impact on prevailing wellhead prices. Alternetive price trgectories (risng and
falling over time) are dso consdered.

In order to obtain numerica solutions for the time paths of drilling, production,
and reserves, difference equation approximations are derived for the optimd first-order
differentia equations (3.10) and (3.11) aong with the state variable evolution equations
(3.2) and (3.3). For example, the evolution of reserves, equation (3.2), can be
approximated by the smple difference, R - R-1 = fi.1 — g-1. Once the estimated functions
are Ubgtituted into the difference equation gpproximations (see Appendix B), the model
can be solved recursively by varying (iterating over) theinitid vaues of the control
variables, g and w, until transversdity conditions are satisfied. As discussed in Section
3.3.b, production continues after incentives for exploration vanish. Thus, the termind

date for the program must be set arbitrarily; T = 60 years was selected.

75



4.3  Derivation of the Tax Parameters

For most satesin most years, tax parameters can be specified by: 1) noting
whether reserves are subject to a property tax (applicable to Texas and Cdifornia only)
and 2) evauating equations (4.1)-(4.4)

g={(- t,)d- t)tg}

a, ={@-t )@t )@-t )A-t )+t (-t )d}

ac ={(1-t, Q- ts)

ap = {(1- ty)d- toh}
where t  denotes the federa corporate income tax rate on operating profits, t . denotes

the state corporate income tax rate on operating profits, t ; denotes the property tax rate
on reserves weighted by the per unit assessed value, t, denotestheroydty rate on
production from public (state and federd) land, t , denotes the production (severance)

tax rate, d denotes the federd percentage depletion alowance weighted by the
percentage of production attributable to eligible producers (nonintegrated independents),
and h denotes the expensed portion of current and capitdized drilling costs attributable to
current period revenues. h isthe sum of: 1) the percentage of current period drilling costs
expensed, and 2) the estimated present value share of depreciation deductions for the
capitaized portion of current and past drilling expenditures. Producers are dlowed to
expense costs associated with drilling dry holes dong with certain intangible codts (e.g.,
labor and fuel) for completed wells asthey are incurred. Al direct (tangible)

expenditures for completed wells must be capitdized and then depreciated over the life of
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the producing well (Bruen, Taylor and Jensen, 1996). See Appendix C for adetailed
derivation of equations (4.1) — (4.4).

Thisformulation assumesthat: 1) public land roydty payments are deductiblein
computing state production tax ligbilities, 2) public land royaty payments, state
production taxes, state reserve taxes, extraction costs, and certain drilling costs (described
below) are deductible in computing both state and federa corporate income tax liabilities,
3) the federa percentage depletion dlowance is gpplied to the production vaue net of
roydlties, and 4) Sate corporate income taxes are deductible against federd corporate
income tax liabilities. Some of these assumptions do not gpply universdly across dl
dates. For example, as previoudy discussed, royaty payments are not deductible against
production taxes in Louisiana, and some states have permitted federa corporate tax
payments to be deducted against state corporate income tax levies. In Stuations such as
these, of course, equations (4.1)-(4.4) are modified.

Also, naotice that this trestment incorporates the entire tax structure into the model
and highlights the interactions between tax rates and tax bases. As discussed in Chapter
2, dl tax parameters are interpreted as effective rather than nomind rates. As previoudy
noted, states and the federal government grant numerous incentives, credits, and
exemptions againg tax levied, so nomind rates generdly overstate amounts actudly
paid. Thus, effective rates fully account for al tax bresks granted. State tax collection
data required for the caculation of the tax parameters are not compiled in acommon
format, therefore dl data were obtained directly (previoudy described in Chapter 2) from
local tax officids of the 8 largest producing states (Alaska, Cdifornia, Kansas, Louisana,

New Mexico, Oklahoma, Texas, and Wyoming). Estimates of dl State tax parameters,



representative of the mid to late 1990s, are contained in Table 4.1. A more complete
description of these tax parameters and how they entered the smulations is contained in
the discusson of each state’'s smulation results below.

At the federd levd, an andyss of data from the Statistics of Income (described in
Chapter 2) for the oil and gas sector shows that federal corporate taxes paid averaged
about 10 percent of net operating incomein 1997. Thisedimateisused in Smulations
for dl gates. Also, following Deacon (1993), the expensed portion of current period
drilling cogsis estimated at 40 percent for the industry in dl states and the present vaue
of depreciation deductions for capitaized drilling cost is gpproximated by, (/R) / (r +
(¢/R)), aformulation that assumes the retio of production to reservesis congtant. As
specified in Chapter 3, r isthe discount rate. The expensed share of current period
drilling cogts used here is 5 percentage- points lower than Deacon’s (1993) industry
estimate. Dry hole costs were proportiondly lower in the mid to late 1990s as compared
to prior 1987 industry estimates (U.S. Census Bureau, 1997 Economic Census, Mining
Industry Series). The ratio of production to reserves (o/R) will vary across states but the
industry expense share of 40 percent is used in each state smulation.

44  State Severance Tax Simulation Results

Initidly, results are reported for the state of Wyoming. Simulated time paths
show the outcome of a once-and-for-al reduction in the state severance tax on oil
production by 2 percentage-points. Alternative severance tax incentive scenarios for
Wyoming are deferred to section 4.5. As abase for comparison, Wyoming is of
particular interest because of recent tax incentives enacted and then rescinded for ail

production. Thus, Smulation results presented have the advantage of showing how
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exploration and production might be expected to change over time in response to an
actual policy change. Fixing the oil severance tax reduction over the 60 year program is
necessay in order to generate results substantid enough to dlow for ameaningful
intergtate andyss. Counterpart smulations for New Mexico, Oklahoma, Texas, Kansss,
and Louisiana are also are presented and compared to the Wyoming results. Cdiforniais
omitted from the severance tax s mulations because the sate does not currently levy a
severance tax on oil and/or gas production. The focus of this study centers on the lower
48 dates, Alaskais excluded from dl smulations due to the stat€' s unique exploration
and production experience.

Thefirgt figure for each state analyzed (WY 1, NM1, OK1, TX1, KS1, and LA1)
depicts the actua time paths of drilling, production, and reserves from 1970-97. This
higtorica period is shown to place smulated resultsin perspective. In these figures, the
vertica axis shows drilling (dotted line) in total wells, production (dashed line) in BOE ~
10°, and reserves (solid line) in millions of BOE. In reviewing these data, severd
observations are noteworthy. Historica drilling gppears extremdly sengitive to price. In
each state, tota wells drilled increases markedly during the high price period of the early
1980s, with the most pronounced effects occurring in Oklahoma, Texas, and Kansas.
Interestingly, Wyoming has experienced an increase in drilling starting in 1995 due to
cod bed methane development. New Mexico and Wyoming are the only two States
smulated where production has not declined over the entire 28 year period. Increasing
extraction activity appears linked to the risng level of proved gas reservesin both dates.
Reserve levelsin Kansas and Oklahoma show a gradua decline each year. Texas and

Louisana have experienced more substantial resource depletion, mainly attributed to oil.

7



Wyoming. Asshown in Table 4.1, roydty rates (computed as the sum of sate
and federd roydty payments divided by the gross vaue of production) averaged 10
percent in 1997. This percentage is higher than for other oil and gas producing states
because of the comparatively large share of Wyoming' s production on public lands.

Loca production (ad valorem) tax rates are computed as total tax collections divided by
the prior year' s gross vaue of production net of public land roydties. The State

severance tax base is the current period’ s gross production value. The sum of the two
average effective rates in the mid to late 1990s totaled approximately 12 percent (loca

6.5 percent and state 5.5 percent). Also, the current nomina percentage depletion rate of
15 percent applied to about 53 percent of Wyoming production in 1997, thusd= 8
percent. Wyoming'smid to late 1990s leve of /R was approximately 7 percent,
thereforeh = 0.4 + (1 - 0.4)*(0.07 / (0.04 + 0.07)) = 0.782. For Wyoming, smplification
of equations (4.1)-(4.4) is achieved because the state does not levy a corporate income tax
(ts= 0) or aproperty tax against reservesin the ground (tz= 0).

The solid line in Figures WY 2 - WY 4 show the evolution of drilling, production,
and reserves under the base case assumptions outlined above. Wells drilled fal steadily
over time from 1071 in year 1 (1998) to 8 in year 60 (2057). Production aso declines
over this period from 228 MMBOE to 75 MMBOE with reserves declining from 2903
MMBOE to 662 MMBOE. To put these smulated vauesin perspective, Wyoming's
production and drilling activity averaged gpproximately 206 MMBOE and 1028 wells
over the sample period 1970-97 (see Table 3.9 and Figure WY 1). The dotted linesin
these figures show the effect of a once-and-for-dl reduction in the state oil production tax

by 2 percentage-points, which proportionaly (cil’s shareis 49 percent of the mid to late



1990s value of total production) reduces the state effective rate from 5.5 percent to 4.52
percent and the total effective production tax rate from 12 percent to 11.02 percent. As
shown, the tax reduction increases production for dl years (50 MMBOE totd, lessthan 1
percent above the base case). The tax reduction increases the net price to producers by
lessthan 1 percent resulting in ardatively smal production stimulus because of the
interrelationships between tax bases (e.g., severance tax payments deductible against
federa taxable corporate income). With regard to drilling, the effect of the tax changeis
somewhat greater. Over the 60-year life of the program, the tax cut contemplated would
result in additiond drilling of 1119 wells. Thisfigure represents a 2.3 percent increasein
total wells drilled as compared to the base case.

To make these effects more transparent, rearrange equation (3.9) for | ; and

subdtitute in equation (3.7) for | 1 yidding

D
|, =f—We‘rt -[pe"-Ce"]. (4.5

The tax reduction (dightly) increases the initial shadow price of reserves, | ; (bracketed
portion of equation (4.5)). This change directly decreasestheinitid shadow price of
cumuldive reserve additions, | ». For the state of Wyoming, the base case after-tax initid
vaue of the shadow price of cumulative reserve additions (I ») is $-0.31 per BOE and the
after-tax initia vaue of the shadow price of reserves (1 1) is $7.60 per BOE. Initidly,

| 2 isnegative and smdl in rdative magnitude, thus, anincreasein | 1 resultsin alarger
proportiond effect on | . In any case, the tax reduction causes optima garting vaues for

g and w to be set higher than those in the base case with the effect on drilling, w, being

more pronounced. Equation (4.5) becomes the centerpiece of the smulation modd and
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highlightsdl initial effects of changesin price, production cogt, and margind cost of
reserve additions.  For example, to sgnificantly impact initia production, the changein
the price and/or margind production cost must be large relative to the initid vaue of | 1.
Moreover, drilling is sengtiveto theinitid vaue of | » and the effects of changesin the
right-hand-side of (4.5).

The evolution of reserves in Figure WY 4 follows the same generd path asthe
base case depicting smdl increases in the reserve base in the later years (lessthan 0.5
percent in 2057) due to the increased drilling throughout the program. The largest
changes associated with the 2 percentage- point reduction in state oil production taxes
gppear to come from production tax collections. Applying the discount rate of 4 percent,
the tax change results in adecline in the present vaue of Wyoming state severance tax
collections from $3242 million to $2680 million, a decline of over 17 percent.
Alternatively stated, Wyoming would forego $502,234 in present value of severance tax
revenue for each of the additional 1119 wells drilled.

It isimportant to observe that oil producers do not receive the full benefit of these
reduced severance tax payments. Because severance taxes are deductible in computing
federd corporate income tax liahilities, areduction in severance tax payments resultsin
an increase in tax payments a the federa level. In particular, if producersface a
marginal federa corporate income tax rate of 35 percent, then a $1 savings on severance
tax payments resultsin a $0.35 increase in federa corporate income tax liabilities,
holding dl other effects constant. Therefore, the 17 percent reduction in present vaue of
severance tax collections described above, resultsin areduction of state tax collections

by $562 million ($3242 million - $2680 million) and an increase in federd tax collections
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of about $196 million. Thus, reduced severance taxes result in atransfer of resources
from the State to the federd government. Notice that this transfer of State severance taxes
to the federa government would be smdler if Wyoming levied a Sate corporate income
tax that alowed for deductibility of severance taxes. Also, the 2 percentage-point ail
severance tax decrease transfers Sate revenue to local governments because of the
production stimulus. Discounted loca production taxes increase by $22 million or 0.5
percent above the base case. The same can be said for discounted public land royaties
which increase by 0.6 percent ($37 million) because of the increase in production.

New Mexico. Asdiscussed in Chapter 2, the Sate of New Mexico leviesa
number of separate production taxes on oil and gas that, in totdl, yield an effective rate of
8.5 percent. Production taxes are applied to the vaue of production net of public land
roydties, which are set at an effective rate of 9.2 percent. A considerable amount of oil
and gas production and exploration takes place on public landsin New Mexico. The date
levies a corporate income tax at an effective rate (as applied to operating income) of 5.3
percent and does not tax the vaue of reservesin the ground, thus, tr = 0. The current
nomina percentage depletion rate of 15 percent gpplied to gpproximately 63 percent of
New Mexico producersin 1997, therefore d= 9.5%. New Mexico’s mid to late 1990s
levd of g/R was approximately 9%, therefore h = 0.4 + (1 - 0.4)*(0.09/ (0.04 + 0.09)) =
0.815.

FiguresNM2 - NM4 show the evolution of drilling, production, and reserves
under the parameter assumptions outlined above. Base case after-tax vaues of the
discounted initial shadow prices are $9.02 and $-0.53, respectively. The dotted linesin

these figures show the effect of the once-and-for-dl reduction in the state oil production



taxes by 2 percentage- points, which proportionaly reduces New Mexico's overdl
effective rate from 8.5 percent to 7.9 percent. Among the mgjor producing states
depicted in Table 3.10, New Mexico has the lowest production share attributable to oil
thereby explaining the rdatively smdl effects. As shown, the tax reduction increases
production for all years (30 MMBOE totd, less than 0.4 percent above the base case).
Also, over the 60-year life of the program, the tax cut proposed would result in additiona
drilling of 1103 wells. Thisfigure represents a 1.2 percent increase in total wellsdrilled
as compared to the base case. The evolution of reservesin Figure NM4 maps the same
generd path as the base case depicting smdl increases in the reserve base in the latter
years (lessthan 0.5 percent in 2057) due to the increased drilling throughout the program.
Asin Wyoming, the largest changes associated with the 2 percentage-point reduction in
state oil severance taxes appear to come from production tax collections. Applying the
discount rate of 4 percent, the tax change resultsin adecline in the present vaue of sate
severance tax collections from $6273 million to $5811 million, a decline of over 7.3
percent. New Mexico's discounted corporate income tax proceeds partially offset the
production tax loss with an estimated increase of approximately 1 percent.

Oklahoma. The gtate of Oklahoma s basic tax structure is counterpart to New
Mexico. Also, like Wyoming, Oklahoma recently enacted a production tax incentive
program (described in Chapter 2) amed at simulating oil exploration and extraction.
Royadties from production on public lands are deductible in computing production
(severance) tax lighilities, athough, impacts are minima due to the smdl effective
royalty rate of 0.7 percent. The effective rate of production taxesis set at 7.3 percent

with the effective state corporate income tax rate pegged at 4.2 percent. Roughly 82



percent of Oklahoma' s producers were digible for the federal percentage depletion
alowancein 1997, therefore, d = 0.123. The state’s mid to late 1990s level of BOE
production to reserves was 13 percent, the highest level attributable to the major
producing states. Asaconsequence, his set at 0.858.

Figures OK 2 — OK4 show the results of the corresponding reduction in severance
taxes on oil production. Effects of the tax change are somewhat lessened due to
Oklahoma s decreased share of oil production (see Table 3.10). Base case after-tax
values of the discounted initial shadow prices are $11.00 and $-0.69, respectively. Post
tax-reduction drilling effort increases by 1320 wells over the base case program. This
difference represents an increase of 1.2 percent. Dotted production and reserve paths
both closdly trace the base case trgjectories. Increasesin production occur each year but
in totd the difference issmdl (lessthan 0.4 percent). Asin the other states, Oklahoma's
discounted state severance tax collections also decrease by $377 million, aloss of 7.5
percent. The small production increase provides the state additiona discounted corporate
income tax revenue, above the base case, characteristic to New Mexico's experience.

Texas. Key indtitutiond features for the state of Texas include no State corporate
income tax along with alocd property tax levied on the vdue of the minerdsin the
ground. The effective reserve tax rate is determined by dividing total property tax
collections by the BOE reserve in the corresponding year. This method yields an
effective rate of 6 percent, representative of the mid to late 1990s. An effective
severance tax of 4 percent islevied on the value of production net of public land
roydties. Production and exploration on public land is low, reflected in the effective rate

of 0.8 percent. Moreover, the current nomina percentage depletion rate of 15 percent



applied to about 67 percent of Texas s producersin 1997, thusd= 10 percent. Texas's
mid to late 1990s leve of ¢/R was approximately 12 percent, thereforeh = 0.4 + (1 -
0.4)*(0.12/ (0.04 + 0.12)) = 0.85.

Figures TX2 — TX4 show the smulated evolution of drilling, production, and
reserves under the parameter assumptions outlined above. Base case after-tax values of
the discounted initial shadow prices are $11.47 and $-2.02, respectively. The larger
negativevaueof | , in Texas, reldive to the other states analyzed, reflects the substantial
resource depletion in the state. Recall that | , represents the discounted margind vaue of
profits logt due to increased future drilling efforts required as the resource becomes
harder to find. The dotted linesin Figures TX2 — TX4 show the effect of the once-and-
for-al reduction in the state oil production taxes by 2 percentage- points, which
proportionally reduces Texas s overdl effective rate from 4 percent to 3.2 percent. As
shown, the tax reduction increases production for al years (35 MMBOE totd, less than
0.2 percent above the base case). Over the 60-year life of the program, the tax cut
proposed would result in additiond drilling of 4185 wdlls. Thisfigure represenisa 1.2
percent increase in total wells drilled as compared to the base case. The evolution of
reserves in Figure (TX4) traces the same generd path as the base case depicting
subgtantia depletion in the first 15 years of the smulated program. Again, the largest
changes associated with the 2 percentage- point reduction in ate oil production taxes
gppear to come from production tax collections. Applying the discount rate of 4 percent,
the tax change results in adecline in the present value of State severance tax collections

from $9118 million to $7377 million, adecline of over 19 percent. Like Wyoming,



Texasis not able to offset the production tax loss with additiond state corporate income
tax revenue.

Kansas. The prevailing oil and gastaxesin the state of Kansas are a severance
tax on production and the State corporate incometax. The state enacted the production
tax in the spring of 1983. Royadlties from production on public lands (rdatively smal
with the effective rate set at 0.2 percent) are not deductible in computing the severance
tax liability. Thisingitutiond feature requires amodification of equation (4.2),
wherea, ={1-t )(1-t)Q-t -t )+t (1-t )d}. Theeffective productiontax
employed is 3.6 percent and the 1997 effective Sate incometax rate is estimated at 5.1
percent. In 1997, approximately 73 percent of oil and gas producersin the state were
eigiblefor the federd percentage depletion dlowance yidding d= 10.9 percent. The
production to reserves ratio is estimated at 9 percent, therefore, h = 0.4 + (1 - 0.4)*(0.09/
(0.04 + 0.09)) = 0.815.

Figures KS2 — K$4 show the results of the 2 percentage-point reduction in
severances taxes on oil production. Base case after-tax vaues of the discounted initid
shadow prices are $11.25 and $-0.70, respectively. After tax-reduction drilling effort
increases by 1189 wells over the base case program. This difference represents an
increase of gpproximately 1.3 percent. Dotted production and reserve paths both closely
trace the base case trgectories. Increases in production occur each year but the
differenceis small (lessthan 0.3 percent). Asin the other sates sSmulated, Kansas's
discounted state severance tax collections substantiadly decrease by $172 million, aloss
of over19 percent over the 60 year program. Increasesin discounted corporate income

tax revenue provide a 0.9 percent offset to the severance tax cut.
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Louisiana. Louisianataxes production at an effective rate of 6.5 percent and
corporate income a an effective rate of 5.6 percent. Public land royalties are not
deductible in determining severance tax liabilities and federa corporate income taxes
paid are deductible against state corporate taxable income. Incorporating these key
indtitutiona festures into equations (4.2) — (4.4) yidds the following base case tax
parameters
a,={(1-t, -t +2t t )(1-t -t )+(1-t)t (1-t )d} (4.6)
a, ={(l-t, -t +20, 1)} (4.7)
ap ={(1-t -t +2, )N}, (4.8)
The current nominal percentage depletion rate of 15 percent applied to about 56 percent
of Louisana producersin 1997, thus d= 8.4 percent. Louisana’ smid to late 1990s level
of o/R was approximately 11 percent, thereforeh = 0.4 + (1 - 0.4)*(0.11/ (0.04 + 0.11))
=0.84.
Figures LA2 - LA4 demondrate the evolution of drilling, production, and reserves
under the parameter assumptions outlined above. Base case after-tax vaues of the
discounted initial shadow prices are $10.64 and $-0.62, respectively. The dotted linesin
these figures show the effect of the once-and-for-al reduction in the state oil production
taxes by 2 percentage- points, which proportionaly reduces Louisana s overal effective
rate from 6.5 percent to 5.8 percent. As shown, the tax reduction increases production for
all years (74 MMBOE total, less than 0.5 percent above the base case). Over the 60-year
life of the program, the tax cut Smulated would result in additiond drilling of 1147 wells.
Thisfigure represents a 1.3 percent increase in total wells drilled as compared to the base

case. Theevolution of reservesin Figure (LA4) traces the same generd path asthe base



case. Thelargest changes associated with the 2 percentage- point reduction in state oil
production taxes come from production tax collections. Applying the assumed discount
rate, the tax change results in adecline in the present value of State severance tax
collections by $781 million, a decline of over 10 percent. Louisand s state corporate
income tax collections increase proportionately as compared to the other states levying
this type of tax.

Table 4.2 presents asummary of incrementa effects on total production, drilling
and discounted state severance tax collections for each of the six states analyzed.
Recognizing the many cost and taxation differences among states, smulation results are
grikingly smilar for each. The permanent 2 percentage- point incentive just dightly
increases the net price prevailing in each date resulting in the smdl production simulus.
The largest change associated with the tax rate cut appears in severance tax collections.
The present vaue lossin Sate severance taxes collected range from $172.0 million in
Kansasto $1,741.6 million in Texas. Stateslevying a corporate income tax are ableto
offsat only asmadl fraction of this revenue forgone. The production inducement provided
by the tax cut issmply too smal. Tax losses, as compared to the base case, are to some
extent lessened in the two states with the lowest share of production attributable to ail,
New Mexico and Oklahoma. The interrelationships between tax bases are found to
atenuate the effects on the optima time paths of drilling and extraction. Moreover, as
portrayed by equation (4.5), proportiondity of specific taxes against other operating costs
producers face becomes paramount in explaining the extent to which state and local tax

changes affect industry investment over time.
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45  Additional Wyoming Tax Scenarios

The sengtivity of the Wyoming model to seven additiona severance tax scenarios
isreported in this section. Table 4.3 explains the additiond tax scenarios and presents
related information about tota production for the 60 year program, tota oil and gas wells
drilled, total discounted severance taxes collected, present value deadweight loss (DWL),
and theratio of discounted DWL to total discounted tax revenue in each case. Percentage
changes from the base case are also presented to place the results in the perspective.

Assuming that Wyoming producers are price takers and demand is perfectly
eladtic, the entire burden of taxation will fall on resource owners. Taxation certainly
represents additiona costs to suppliers, but economists view the redl (socid) cost of taxes
as the output-choice digtortion induced by their presence. This societd cost, known as
‘deadweight loss (DWL)', represents the vaue of cumulative output |oss coupled with
the vaue of output timing digtortions (tilting) due to industry taxation & dl levels. Given
the supply and demand assumptions above, the deadweight loss cal culation becomes the
difference between discounted pre-tax operating profits, and, the sum of discounted total
tax revenue and discounted after-tax operating profits. In effect, this present vaue
operating profit difference can be thought of as the amount producers would pay to avoid
taxes dtogether. These taxes, however, raise revenue for governments and owners
benefit from the public goods provided. It is difficult to measure the benefits gained from
public goods, thereforeit is assumed that the total tax revenueis given back to resource
owners, or equivaently that the services provided are equd in vaue to the tota revenue
spent. Thetotd pre-tax (base case) discounted profit of $47,881.7 million isused asthe

base in each deadwelght loss computation. \When comparing deadweight |oss across tax



scenarios, note that the smulated tax changes are not of equd red yield in the aggregate.
Theinterrdation of tax rates and tax bases makes this type of totd tax revenue targeting
intractable. Similar deadweight loss computationa methods are found in Y ucd (1989),
for monopoly producers, and Deacon (1993) for competitive producers.

Focusing on the first row of results shown in Table 4.3, Wyoming producers of oil
and gas are assumed not taxed by any level of government for the 60 yeer life of the
program. When comparing this untaxed regime to the base case (dl layers of taxation
included), untaxed total production increases by more than 14 percent and untaxed
drilling increases by 55.8 percent. Thisresult confirms the theoretica implications of the
Chapter 3 andysisin tha production in thisindustry is reserve driven and thet drilling is
relatively sendtive to changesin net price and codts.

The firgt tax incentive scenario presumes a 2 percentage-point reduction in the oil
severance tax for one year only. Thetax incentiveislifted after the first year with
effective production tax rates increasing back to pre-incentive levels. Thisamulation is
more in line with the circumstances surrounding the outcome of the 1999 Oil Producers
Recovery Act (see Appendix A). Asshown in Table 4.3, the effects of thistax incentive
areminor. Production over the 60 year program increases by 13,000 BOE with drilling
effort increases by only 27 wells. The largest change associated with the one year tax cut
appears in the reduced state severance tax collections in that same year.

The second tax incentive Smulated assumes a once-and-for-al 4 percentage-point
reduction in sate severance taxes levied againg dl new wdl production. This case
gpproximates Wyoming Statute 39-6- 302(s) but extends the gpplication of the tax

incentive over the 60 year life of the smulated program. Holding tax incentives (cases 2-
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4) congtant over the life of the smulated program is necessary in order to produce a
cong stent comparable result (e.g., see scenario 1 as compared to section 4.2 Wyoming
results). New well production is defined as oil and gas extracted from reserves
discovered within the dynamic model. This production represents approximately 60
percent of the total BOE smulated over the 60 yeer life of the program. Results show
that total production increases by 1.7 percent and drilling increases by 5.6 percent. The
tax cut contemplated substantialy reduces the state severance taxes collected. Severance
taxes and deadweight |oss decrease by 42.8 percent and 31 percent, respectively.

Case 3 modd's a once-and-for-al reduction in state severance taxes of 2
percentage-points for al incrementa production resulting from atertiary project (WS 39-
6-302(i)). According to the Wyoming Oil and Gas Conservation Commission, 1997
qudifying tertiary recovery accounted for lessthan 5 percent of tota oil extracted. The
amulation results presented assume a forward-looking estimate of 15 percent of totd oil
produced. This proportion follows the assumption made in the Wyoming Consensus
Revenue Edimating Group's (CREG, October 2000) production and tax revenue
forecagts through the year 2006. Simulated results are not that different from the base
case reflecting the smdl share of the total production base affected.

Scenario 4 amulates the effects of a permanent reduction in state severance taxes
of 4 percentage- points for incrementa production resulting from aworkover or
recompletion of an oil and/or gas well (WS 39-6-302(t)). Resultsreflect the CREG
assumptions (7 percent total) pertaining to the share of total production attributed to
workovers and recompletions. Increased lifting cost issues are ignored in the andysis.

As shown in Table 4.3, the tax reduction increases production by lessthat 2 tenths of one
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percent. Also, over the 60-year life of the program, the tax cut proposed would result in
additiona drilling of 239 wells. Thisfigure represents a0.49 percent increase in tota

wells drilled as compared to the base case. The largest changes associated with the 4
percentage-point reduction in workover and recompletion severance taxes appear to come
from production tax collections. Applying the discount rate of 4 percent, the tax change
resultsin a decline in the present vaue of state severance tax collections from $3242
million to $3105 million, a decline of over 4.2 percent.

The fifth scenario conddered discontinues the use of the production tax at the
date level. Asshown in Table 4.3, this seemingly large tax cut only moderately increases
production over the 60 year program (3.8 percent). Increasesin totd drilling effort are
more pronounced with 6522 additiond wells being drilled. The implication of equation
(4.5) explainsthis characteristic result. As shown in the 6 State severance tax Smulations
in section 4.4, drilling is more senditive to changesin net price than is production. The
large decrease in deadweight loss (over 60 percent from the base case) is attributed to
increased output and producer profitability. The state level severance tax cut provides an
enlarged production base for local taxation where discounted revenue increased by $123
million, 3.2 percent above the base case. Additiondly, discounted public land royaties
increase by 3.3 percent ($209 million) and discounted federa tax collections rise by $307
million (10.5 percent).

The sxth scenario sSmulated for Wyoming involves replacing the sate level
severance tax with atax on reservesin the ground of equal red yidd. A congtant
welghted-effective rate of 8.2 percent is assessed againgt the smulated reserve leve (in

BOE) yidding the discounted tax collections of $3,242 million, equd to the base case
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date level production tax. Changing to atax on reserves has a profound effect on the
optimd time paths, very different from the common theme depicted in section 4.3.
Figures WY 5-WY 7 show the time paths of drilling, production, and reserves for the base
case condition aong with the tax replacement scenario. The dotted trgjectories show the
effects of the tax swap, with Figure WY 5 depicting drilling efforts lower than the base
case reveding the disincentive to explore when reserves are subject to a holding cost.
The reservestax tilts production to earlier years optimaly eroding the tax base absent the
incentive to replenish. Production fals below the base case over time due the more rapid
depletion of reserves thusincreasing extraction costs. Reserves trace a subgtantialy
lower path over the life of the program as compared to the base case condition. Although
production, drilling, and tax collections remain relatively unchanged as compared to the
base case, the deadweight loss due to the reserves tax is 44 percent higher. Thisisa
direct result of the production tilting which reduces long-run industry production and
profitability.

The lagt dternative scenario illustrates the impact of raising the state severance
tax by onefull (effective) percentage point. As shown, the tax increase decreases total
production (51 MMBOE, 0.7 percent below the base case) and moderately reduces
drilling effort in each year of the program. The tax increase reduces the congtant net
price to producers by lessthan 1 percent resulting in the small production loss. Because
of the interrel ationships between the tax parameters (e.g., severance tax payments
deductible againgt federa taxable income), time path effects are moderated. With regard
to drilling, the effect is dightly more pronounced. Over the 60-year life of the program,

the tax increase modded would result in drilling 1093 fewer wells. This figure represents



a 2.2 percent decrease in total wells drilled as compared to the base case. Discounted
date saverance tax collections increase by more than 17 percent over the life of the
program with deadweight loss increasing due to the loss of output as compared to the
base case. Because the cumulative production lossis small, present value loca
production tax, public royalty, and federd income tax collections are only dightly lower
than the base condition.

In each scenario presented that discounts the severance tax producers pay,
incrementa new wdls drilled will provide an additiond salestax revenue source for Sate
and locd governments. Additiond salestax revenue collected from this incrementd
drilling activity potentidly provides an offset to the large state severance tax losses
smulated. Egtimates can be cdculated by assessing a taxable vaue to each incrementa
well drilled over the 60-year smulated program. The estimated real average cost of
drilling aWyoming well, $524,343, (see Table 3.8) isemployed. It isaso assumed
(perhaps overdtated) that 80 percent of the incremental total average cost is subject to a6
percent sdlestax rate. Applying the 4 percent discount rate to the incrementa salestax
edimates from the four key incentive scenarios (oil severance, new wel production,
tertiary projects, and workovers and recompletions) yields present value sales tax
collections of $12.4 million (2.3 percent increase from the base case), $30.6 million (5.7
percent), $1.2 million (0.2 percent), and $3 million (0.6 percent), respectively. Any
potentid offset of the large severance tax |osses smulated appears to be smdll.

4.6  Drilling Cost Reductions
In contrast to changes in production taxes, amore direct way to increase

exploration (and expectantly reserves) isto lower drilling cost. These costs can



potentialy be reduced through technologica advances or by state sponsored incentives
that would eventudly lead to areduction in an operator’s cost of drilling. A recent
example of technologica change that has reduced exploration costs industry-wide isthe
use of 3D seigmic. An example of an incentive might involve state support for an gpplied
research program leading to technologica advancement in exploration methods. In order
to illugtrate the effects on production and exploration due to lower drilling costs, a
gmulation is performed assuming a5 percent cost reduction. If this hypothetical drilling
cost reduction isthe result of an unsupported technologica advancement, the cost to the
gtate would be rdatively smdl or zero. On the other hand, if this cost reduction isthe
result of some type of state incentive, it is assumed that the maximum offsetting cost for
the state of Wyoming would be the present vaue of the totdl 5 percent cost savings for
each well drilled.

The drilling cost reduction, resulting from ether state incentive or technologica
change, increases total production by 187 MMBOE or 2.6 percent when compared to the
base case. Drilling increases by 4535 wells or 9.3 percent. The production increase over
the 60 yeer life of the program adds $58 million (1.8 percent) to the state’ s present value
severance tax revenue with $68 million more (1.7 percent) going to local governments.
Thisincreased activity may not be free to Wyoming. The assumed maximum cost the
state could bear, discounted at 4 percent, would total $616 million assuming an average
cost per well drilled of $524,343. Thisfigure far exceeds the additiona severance and
locd ad valorem taxes that would be collected. However, if the “incentive’” was designed
to directly support for an applied research program, the return in production tax revenue

may exceed the cost of the program. Of course, not all applied research programs are



effective and this report takes no position regarding whether such a program should be
initiated. Nevertheless, thistype of program at least offers the prospect of leveraging the
state' s resources to provide program support, whereas, discounts from the severance tax
hold out no such possibility.

4.7  Summary Comments

Altering production taxes changes the net price producers receive for their output.
This price change enters the dynamic framework derived as a component of the shadow
price of the reserve state (1 ;). Asderived in Chapter 3, production responds to this
shadow price which consgts of the discounted vaue of future operating profits a the
margin coupled with the present value sum of future extraction cost increases dueto
margindly depleting the reserve stock today. Net price impacts the first component
where at the termind time (T) margina future operating profits approach or equa zero.
Thisimpliesthat the shadow price of the reserve state is dominated by the reserve
degradation cost component (Levhari and Leviaton, 1977) and when faced with even
large changesin net price, producers will respond indagticdly. Clearly, onereason
initid production responds so grudgingly to what appear as large changes in net price
(e.g. in additiond tax scenario 5) is the geologicd redlity that proved reserves do not
change ingantaneoudy.

Drilling efforts, however, are found to be far more sengtive to changesin the
shadow price of reserves or the margind cost of reserve additions. Thisisadirect
consequence of equation (4.5) and the fact that the shadow price of cumulative reserve
additions (I ,) is proportionately small relative to the shadow price of the reserve Sate.

Even the dightest increase in net price will induce drilling, yet, in order to gppreciably
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dter the future production path, this enhanced drilling effort must yield considerable
reserve additions, hence, lowering future extraction costs (alagged effect). For Sateslike
Wyoming and New Mexico, where the historical downward trend of BOE reserves is not
observed (due to gas finds, see Figures WY 1 and NM1), the prospect for thistype of
exploratory success is more promising than in, for example, the depleted ‘ Texas ail
patch’ (Moroney, 1997). Also, notice that increasing incentives to explore for (section
4.6) and develop reserves directly simulae drilling through which new reserves can be
identified. In generd, “upstream” incentives given at the beginning of the exploration-
devel opment- production process provide a greater stimulus to production than
“downstream” incentives given at the end of the process.

Chapter 5 examines the sengitivity of the oil and gas indugtry to changesin
environmenta and land use regulations by looking at differencesin regulatory practices
on federa and private land. An important part of the andysisisacos function for ail

and gas drilling estimated using data from 1390 wells in the Wyoming Checkerboard.



Cdifornia
Kansas
Louisana
New Mexico
Oklahoma

Texas

Wyoming

Table4.1

Base Case Tax Parametersfor the 7 Mg or Producing States

t, t, tr ts tus d h
0017 0000 0036 0062 0100 0054 0.800
0002 0036 0000 0051 0100 0109 0815
0046 0065 0000 0056 0100 0084 0.840
0092 0085 0000 0053 0100 0095 0.815
0007 0073 0000 0042 0100 0123 0.858
0008 0040 0060 0000 0100 0100 0.850
0100 0120 0000 0000 0100 0080 0.782



Table 4.2

State Oil Severance Tax Reduction of 2%
Incremental Comparison to the 60 Y ear Base Case

D Production D Drilling D PV State Severance Tax Collections

MMBOE (in %) Wedls(in %) $Millions (in %)
Kansas 5.8 (0.26) 1189 (1.25) -172.0 (-19.03)
Louisana 73.6(0.49) 1147 (1.29) -781.2 (-10.04)
New Mexico 30.1(0.35) 1103(1.21) -462.7 (-7.38)
Oklahoma 27.9(0.40) 1320(1.24) -377.3(-7.52)
Texas 355(0.18) 4185(1.16) -1741.6 (-19.10)
Wyoming 50.2(0.68) 1119 (2.28) -562.4 (-17.35)
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Table4.3

Wyoming Smulated Tax Scenarios
PV State PV DWL /
Total Total Severance Tax PV Total
Production Drilling Collections PV DWL? Tax
(MMBOE) (Wells) ($Millions) ($Millions) Revenue
Untaxed Regime 8419.4 76434 0.00 0.00
(Change from Base Case) (14.42%) (55.77%)
60 Year Base-Case 7358.3 49069 3242.4 369.2 2.25%
2% point Reduction in Oil
Severance Tax 7408.5 50188 2680.1 3195 2.01%
(Change from Base Case) (0.68%) (2.28%) (-17.35%) (-13.46%)
Additional Scenarios:
1. 2% point Reduction in Oil
Severance Tax, Year 1
only 7358.3 49082 3203.5 327.1 2.00%
(Change from Base Case) (0.00%) (0.03%) (-1.20%) (-11.40%)
2. Reduce Severance Tax
on all New Well Production
by 4 % points 7480.6 51837 1853.4 254.7 1.67%
(Change from Base Case) (1.66%) (5.64%) (-42.84%) (-31.01%)
3. Reduce Severance Tax
on Tertiary Production
by 2 % points 7363.3 49168 3186.5 363.8 2.23%
(Change from Base Case) (0.07%) (0.20%) (-1.72%) (-1.46%)
4. Reduce Severance Tax
on all Production resulting
from Workovers and
Recompletions by 4 %
points 7370.6 49308 3105.5 355.7 2.19%
(Change from Base Case) (0.17%) (0.49%) (-4.22%) (-3.66%)
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Table 4.3 (continued)

Wyoming Smulated Tax Scenarios
PV State PV DWL /
Total Total Severance Tax PV Total
Production Drilling Collections PV DWL? Tax
(MMBOE) (Wells) ($Millions) ($Millions) Revenue
5. Discontinue the State Level
Severance Tax 7636.2 55591 0.00 143.0 1.04%
(Change from Base Case) (3.78%) (13.29%) (-100.00%) (-61.27%)
6. Replace State Severance
Tax with a Reserve Tax,
Equal Real Yield 7382.8 49096 3242.4° 531.7 3.22%
(Change from Base Case) (0.33%) (0.06%) (0.00%) (44.01%)
7. Increase State Severance
Tax by 1% point 7306.8 47976 3809.0 425.0 2.53%
(Change from Base Case) (-0.70%) (-2.23%) (17.47%) (15.11%)

& Present value deadwei ght loss (DWL) is discounted operating profit in the untaxed regime minus the sum
of each scenario’ s discounted tax revenue and discounted after-tax operating profit.
b Actual increase of 13,000 BOE from the base case.

¢ Targeted present value of reserve tax collections.
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CHAPTERS

ENVIRONMENTAL AND LAND USE REGULATIONS,
EXPLORATION, AND PRODUCTION OF OIL AND GAS
51 Introduction

How do firms respond to increased costs arising from environmenta and land use
regulations imposed by government &t al levels? Recent Sudies have addressed this
question in the context of manufacturing (Levinson 1996, Becker and Henderson 2000),
but there is no corresponding work on extractive industries even though Jaffe, Peterson,
Portney and Stavins (1995, pp. 135-36) suggest that a study of mining could be
rewarding. Moreover, as argued in Chapter 3, extractive firms face a fundamentally
different problem than manufacturing firms when confronted by changesin public
policies because they are tied to an immobile reserve base that represents akey
component of their capital stock.

This chapter examines for the first time how oil and gas exploration and
production decisions are dtered when environmental and land use policies change by
looking &t differencesin regulatory practices on private and federa land. Studying
effects of regulations by looking a how they are gpplied on different types of land is
broadly smilar to the gpproach taken by Becker and Henderson (2000), who consider
differencesin behavior of manufacturing firmsin attainment versus nonaitainment
counties defined in regard to the federal ground-level ozone standard. An important part
of the andysisin this paper is acos function estimated from data on oil and gas drilling
in the Wyoming Checkerboard over the period 1987-98. The Checkerboard, amagjor U.S.
gte of recent oil and gas activity, isa40 mile wide gtrip of land, 20 miles on each side of

the Union Pacific Railroad right-of way, extending westward approximately 200 miles
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from Rawlinsin south central Wyoming to the Utah sateline. The Pacific Railway Acts
of 1862 and 1864 conveyed to the railroad both surface and minerd rights to the odd-
numbered sections of land in this area, while retaining the evenr numbered sections as
federal property.! Thus, four private (railroad) sections surrounded each federal section
and four federal sections surrounded each private section, giving land ownership maps of
this area the appearance of a checkerboard. Since the 1860s, some of the land has
changed hands; however, the dternating federd- private ownership pattern is remarkably
persstent to the present day and serves asacrucid control used to identify differencesin
environmental compliance costs on federal and private property.? Estimates presented
suggest that protection of cultura and biologica resources aswell as other aspects of
environmental and land use policy result in drilling costs that are about $110,000 higher
on federa property than on private property.

Implications of thisresult for future exploration and production of oil and gas
then are developed by inserting these econometric estimates into the model developed in
Chapters 3 and 4. An advantage of this analyssis that it incorporates important aspects
of federd, state, and local oil and gas taxation and thus accounts for the extent to which
increased costs arising from regulation are deductible againgt tax ligbilities faced by the
industry. Simulations of the moddl over a 60-year horizon for Wyoming show that more
gringent environmenta and land use regulations retard drilling and extraction overal and
tilts drilling toward the future® This case study is of general interest because it shows
that drilling and production are quite sengitive to changesin costsimposed by
environmenta regulation on dl types of land and promote more oil and gasin the ground

at the end of the extraction program. Reducing current exploration and extraction and
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pushing these activities away from federa property may meet with gpprova by
conservationists concerned only with characteristics of surface land; however, the
outcome of reduced overal extraction rates may well conflict with their own longer-term
objectives. Permanently reduced output from known reservesis not only a source of
deadweight loss to society, it dso increases incentives to drill in more environmentaly
sengtive resarves in Nationa Parks and the Alaskan Nationd Wildlife Refuge where the
payoff from further exploration and development may be very high.

The plan of the remainder of this chapter isto begin in Section 5.2 by reviewing
what (little) is known about differences in environmenta and land use regulatory policy
on federal and private land and presenting other background for the study. Section 5.3,
then presents empirica estimates of drilling costs in the Wyoming Checkerboard.
Section 5.4 draws out implications of these resultsin asmulation study.  Section 5.5
concludes.

5.2  Background

Oil and gasfidd activitiesin the U.S. are affected by federd statutes such asthe
Nationa Environmentd Policy Act, the Toxic Substances Control Act, the Resource
Conservation and Recovery Act, the Comprehensive Environmental Response,
Compensation, and Liability Act, the Antiquities Act, and the Threatened and
Endangered Species Act.  The U.S. Departments of Interior and Agriculture are
respons ble for interpreting these statutes, coordinating activities with other federdl
agencies, and setting environmenta and land use policies on federdly managed lands.
Federd regulatory agencies, such asthe U.S. Environmenta Protection Agency, figure

prominently in environmentd policy development regarding private land, but Sate
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agencies such as oil and gas conservation commissions and game and fish commissons
have had increasingly broad rule-making authority snce the early 1980s. Also, states
have passed their own environmentd legidation concerning oil and gas development to
increase stringency of certain standards, address locd problems, and/or clarify the
regulatory authority of their own agencies. Attempts have been made to calculate how
much it cogts for industry to comply with this myriad of regulations (Stewart and Templet
1989), but these are quite generd and ded with hypothetical Stuations. There are no
published estimates of compliance costs for the industry generdly that might pardld the
PACE data available for manufacturing sectors.*

Impressionistic evidence suggesting that costs faced by the oil and gas industry
are higher on federd land than other types of land is presented in Table 5.1. Thistable
reports calculations of theratio of wells drilled to reserves aswell as the percentage of
wells drilled on federd land. Of course, many possible factorsincluding geologic
conditions, the amount of environmenta resources to be protected, local attitudes toward
development, and whether deposits are located in remote areas may be responsible for the
subgtantia interdtate variation in the ratio of wells drilled to reserves. It is nonetheless
interesting, however, that the three states (Alaska, New Mexico and Wyoming) with the
lowest well to reserve retios are the three states with the highest percentages of drilling
on federa property. Thisexample proveslittle, but it does provide abasis for speculation
that differencesin environmental compliance costs could be partly responsible, and
further andysis of the issue is warranted.

The focus of this sudy is on environmenta and land use regulations pertaining to

drilling rather than those pertaining to production for three reasons. Firg, although
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environmenta contamination can occur a any stage in the life cycle of oil and gaswells,
drilling is thought to be the activity of greatest risk because of the large volumes of
potentidly hazardous gases and fluids brought to the surface (Carls, Fenn, and Chaffey
1994). Second, data on drilling costs, collected by the Joint Association Survey on
Drilling Costs (various years), is much richer than the highly aggregated data on
production costs reported by the Energy Information Adminigtration, U.S. Department of
Energy (variousyears). Third, drilling is a one-time activity, whereas production from a
given well may last for many years. Production cost conditions can change over time as
subsurface pressure declines causing wellsto lose their naturd drive. Thus, it would be
easer to modd drilling costs than production costs even if the qudity of data on both
activitieswere equdl.

Two studies (Harder, John, and Dupont 1995 and Schultz 1998) have examined
drilling cogts for four specific Stes (none of them in Wyoming), finding thet
environmental compliance codts are higher on federd property than on nearby private
land. Reasons advanced to explain this cost digparity can be grouped into the following
four categories: (1) permitting procedures, (2) well and site construction and supervision,
(3) drilling waste disposal, and (4) redtrictions on Site access. Permitting procedures
include development of impact studies and operation plans covering a broad range of
issues ranging from soil erosion and fugitive dust to biological issues such as endangered
gpecies protection aswell as plansfor liability mitigation (influenced by the Oil Pollution
Act of 1990). Wl and site congtruction and supervision includes added labor costs
needed to meet regulatory stipulations, aswell as cods of ste ingpections, pit liner

monitoring, and separating and flaring gases. Drilling waste disposal costs include
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payments to third party contractors for handling mud and cuttings in addition to
indalation of closed-loop drilling systems designed to reduce waste generation. Site
access regtrictions apply mainly to route planning and road congtruction.  Conclusons
drawn from these two studies, however, are difficult to interpret because they did not
control for the fact that federd properties examined (under management of the Nationa
Park Service) apparently had more environmenta resources to protect as well as other
possible differences in unmeasured site-pecific attributes.

| nterviews with government and indusiry officias familiar with the Wyoming
Checkerboard dso suggest that drilling costs on federd land are higher than on private
land. Factorsidentified in the two studies above were cited, athough respondents tended
to focus more heavily on differences in protection of cultural and biologica resources.
Regarding cultura resources, federa land managers are obligated under the Antiquities
Act to identify and preserve Native American artifacts (i.e., arrowheads, pottery shards)
and higtoric Sites, such asthose dong the Oregon Trail. Private landowners, in contrast,
have an incentive to view items of higtorica sgnificance astheir own and in some cases
have refused to alow archeological surveys on their property. Thus, cultura resources
that might be protected on federd property smply are never identified on private
property. Also, federd land managers require greater precautions than private
landownersto protect biological resources. Conflicts between endangered species
protection, private property rights and economic activity are well-documented (Innes,
Polasky, and Tschirhart 1998, Turner and Rylander 1998), but federa land managers

appear to show greater concern for more prevalent speciesaswell. Intrusonsinto
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antelope ranges in winter and protection of flowering plantsin spring were examples
cited in this regard.

Extra precautions taken on federal property trandate into delays and added
expense, but vary greatly from one location to another. McDonald (1994) has discussed
delays in issuing permits and suggests that the federal government has been dow to
release drilling areas on public land. Y &, the issue appears to be broader because the
permits themsdlves frequently narrow the window of time in which drilling can occur to
aslittle as afew months per year. A narrow drilling window can be disruptive and leed
to added costs. Moreover, if drilling is permitted only in winter, higher labor and
equipment costs would be expected as crews must ded with subzero temperatures and
windy conditions. Also, cultura and biologica resources are not distributed evenly over
gpace and federad land managers appear to have broad discretion in determining
protection requirements® Thus, additional costs of environmental compliance on federd
land can vary considerably between locations. As a consequence, it is not possible to
develop an estimate of the differencein drilling costs on federa versus privete property
that would be applicable at each location in the Checkerboard.

5.3  Qil and Gas Drilling Costsin the Wyoming Checkerboard

This section reports estimates of the extent to which drilling costs on federa
property are higher than those on private property in the Wyoming checkerboard. Data
are taken from two sources. First, the American Petroleum Ingtitute (various years),
through the Joint Association Survey on Drilling Cogts, tabulates drilling cost data
obtained from a survey of operators on each completed well drilled in the United States,

including dry holes.  The survey is conducted by mail and in 1996 had a response rate of
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over 41% (of total wells drilled), but operators who responded represented more than half
of tota drilling expenditures ($10.9 hillion). Wells with unreported costs are assigned
estimates from a gtatistical modd fitted with the surveyed data (see, for example, the

1996 Joint Association Survey on Drilling Costs, Section 3 for mode details). Types of
costs reported for each wdll drilled include variable cost items such as labor, materids,
supplies, machinery and tools, water, trangportation, fuel, and power. Also, information
about costs of direct overhead such asfor permitting and Site preparation, road building,
drilling pit congruction, erecting and dismantling derrickg/drilling rigs, hauling and

disposal of waste materids, and Ste restoration is obtained. Thus, the survey appearsto
include mgor eements of costs associated with environmental and land use reguletion
discussed in the previous subsection. Second, |.H.S. Energy Group, Inc. (dba Petroleum
Information/Dwights LL C) compiles supplementary data on characteristics of dl wels
(e.g., depth, exploratory or development) completed each year inthe U.S. |.H.S. adds the
surveyed drilling cogs to their data base by matching wells up by their state designated
APl identification number. Routingly, I.H.S. providesits data to industry (e.g., American
Petroleumn Indtitute) and government (e.g., U.S. Department of Energy, Energy
Information Adminigration) users and has made specific data sorts available for the
present study.

The entire data set available from |.H.S. contains information on more than
321,000 completed onshore wells drilled between 1987-98.° Characteristics measured for
eech wdll indude drilling cogt, depth (in feet), surface land ownership (private, federd,
date, tribd, or land for which ownership is contested), well type (ail, gas, and dry) and

well location (in |atitude and longitude coordinates).” Thus, the complete data set has a
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large number of observations with information regarding each well drilled, but a
disadvantage is that components of total cost are not individualy itemized. Thus, the
environmenta compliance component of drilling cost cannot be identified and sandard
methods applied in the empirica cost function literature cannot be used to estimate a
drilling cost function. Instead, the gpproach taken here isto characterize wells by depth,
with controls for surface land ownership and well type, and then to recognize that well
depth is produced by applying capitd, labor, and other inputs subject to geologicad and
technological congraints. For given geologica and technologica conditions, deeper
wells require greeater gpplications of productive inputs and at any particular location, total
cost of awell is expected to increase (perhaps at an increasing rate) with depth.
Asindicated in the introduction, data from the Wyoming Checkerboard are used
to identify differencesin drilling costs due to differences in environmenta and land use
regulations on federal and private land. This strategy is adopted because these cost
differences cannot be directly measured and because the land ownership pattern in the
Checkerboard provides natural control for four factors that would otherwise contaminate
the resulting estimates: (1) remoteness, (2) environmenta resources, (3) regiond
differencesin attitudes toward resource development and (4) management. In generd,
federa land tendsto be located at greater distances from cities and towns than rurd
private land and most tracts of federal land have been set aside for specific purposes (e.g.,
parks, forests, recregtiona aress) that rule out use for permanent settlements. Thus,
drilling costs may be higher on federd land smply becauseit isless accessble to drilling
contractors and well servicefirms. Also, there may be differencesin the quantity of

environmenta resources to protect on federa versus private lands. Differences between
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scenic attributes of National Park and Nationa Forest lands and rurd private land may be
most obvious, but lessimmediately noticegble ecologica differences may be important,
too. Infact, some federa lands have been set aside to protect specific unique or diverse
environmenta resources. Regarding management, the U.S. Department of Interior
(Nationa Park Service and Bureau of Land Management (BLM)) manages some federa
lands, while the U.S. Department of Agriculture (Nationd Forest Service) manages
others so it is useful to cortrol for possible policy differences between agencies. Findly,
regiona differencesin regiond attitudes toward resource development may affect
decision making on both federal and private lands. Henderson (1996) recognized the
possible importance of this agpect in a manufacturing context.

In the Checkerboard, the pattern of current land ownership isamost entirely
determined by the land grant provided by the Pacific Railway Acts of 1862 and 1864.
These acts predate broad scale environmental concern in the United States by as much as
acentury and predate even the first U.S. Nationa Park (Y ellowstone), which was
established in 1872. In the past 135 years, certain sections have changed hands; for
example, federal sections have been sold or traded for private sections to accommodate
expanson of towns, to permit better access to water for agriculture, aswell as for other
purposes. In afew cases, the state of Wyoming traded land owned in other locations for
federd sectionsin the Checkerboard. Also, the Union Pacific Railroad has sold sections
to other private owners, mainly for usein agriculture. These land transactions, however,
have not greatly disturbed the origind dternating federa- private ownership pattern
edtablished by the Pacific Railway Acts. Figure 5.1 illustrates this point by depicting a

384 square-mile subsection of the Checkerboard surrounding the smdl town of
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Wamsutter, Wyoming. This recent map designates federal land by the darker shaded
sections and highlights 1987-1998 well |ocation with white triangles. Notice the more
pronounced federa land areasin the northeast dong with the larger private ownership
sections where the annotation * Sweetwater County’ appears. Areas of thistype are not
considered part of the Checkerboard in the econometric estimates described below.
Although the map in Figure 5.1 does not show this, climate and topography of this area
(and the total Checkerboard) are relatively homogeneous (high dtitude desert). This
feature, together with the prevailing land ownership pattern throughout, means that that
remoteness and the quantity of surface environmenta resources on each type of land in
the checkerboard should be roughly equal. Moreover, BLM isresponsible for al federa
land there and the areais smdl enough that public attitudes toward development are
unlikely to vary between locations.

Oil and gas drilling has been scattered throughout the Checkerboard over the
period 1987-98, dthough there are specific areas that have received rdatively more
attention. In totdl, deta are available on 1390 wells drilled there. Three BLM didtricts
divide the area roughly into thirds; drilling in the Rawlins (eesternmogt) didtrict
represented 45% of the total, while drilling in the Rock Springs and Kemmerer
(westernmost) districts represented 31% and 24% of the tota, respectively. Thus, there
has been atendency in recent yearsfor drilling intengity to be greater in the eastern
portions of the Checkerboard. One reason for this outcome is that wells are deeper, and
therefore more cogtly, in the west than in the east, with an average depth in the entire
Checkerboard of 10,580 feet. In Wyoming, average well depth over the period 1987-98

was 6586 feet, and the average depth of onshore U.S. wells during this time was 4904
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fedt. Interestingly, 42% of Checkerboard wells were on federa land, 4% were on state
land, and 54% were on private land. A higher proportion of drilling on private land
would be expected if drilling costs on federd property are higher, or if ddaysin
obtaining needed permits are longer. Most of the wells drilled (82%) found
commercidly vauable quantities of naturd gas, 6% found oil and 12% were dry. The
relatively low percentage of dry wells suggests that development wells outnumbered
exploratory wells and reflects recent technological advances such as three-dimensond
seismic reservoir identification methods.

Table 5.2 reports results from anonlinear least squares regression of totd real
drilling cogt (in $million) on explanatory variables discussed previoudy. Definitions and
means of explanatory variables dso are shown. Nomina values of cost were converted
to $1992 using the GDP deflator. FEET was transformed using a Box and Cox (1964)
transformation to account for an expected nonlinear relationship between wel depth and
cost. Locationspecific effects are controlled using dummies indicating the BLM
regiond office territory (RAWLINS ROCK SPRINGS, KEMMERER) in which thewell
was located. Time-specific effects were controlled using dummies for the year in which
the wdll was drilled. Additiona dummiesindicated well type (OIL, GAS DRY) and
aurface land ownership (PRIVATE, STATE, FEDERAL). Cofficentsof dl dummy
variables are interpreted as dollar amounts. This specification is particularly appropriate
for the surface land ownership indicators because more stringent gpplication of
environmental and land use regulation of federa property appear to have an additive

rather than, for example, a proportiond effect on drilling costs.
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Edtimates suggest that drilling costs increase a an increasing rate with well depth,
asthe coefficient of FEET is pogtive and the vaue of Box-Cox transformation parameter
(LAMBDA) exceeds 2. Differencesin cost between BLM regond office territories
gppear to be unimportant. Red drilling costs declined abruptly in 1992 and then
remained permanently lower than in prior years, perhaps reflecting effects of
technologica advance. Gas wdlstend to be more expensive than oil wells, while dry
wells tend to be less expengive. This outcome would be expected because gas wells must
be engineered to handle greater underground pressures than oil wells. Also, operators
have an obvious incentive to give up when core samples suggest that further drilling will
not yield apostive result. Findly, results indicate that drilling on federd land is
sgnificantly more expensive than on private land and that differencesin cost between
date land and private land are unimportant.

Inlight of effects controlled by the regression and by redtricting attention to the
Wyoming Checkerboard, the positive coefficient of FEDERAL is cautioudy interpreted
asthe result of differencesin stringency of gpplication of environmenta and land use
regulations on federal and private property. Moreover, the coefficient estimate (0.111)
suggests that the drilling cost premium on federa property is $111,000 per well.
Evauated a mean drilling costs for the Checkerboard between 1987-98 ($967,000/well),
this premium represents a cost increase of nearly 12%. These estimates, however, are
subject to at least four qudifications. First, unmeasured differences between federd and
private property may remain in pite of the essentialy randomized land ownership pattern
creeted by the Pecific Railway Acts. Second, as previoudy discussed, environmenta

resources to protect in the Checkerboard vary greatly over space, so the estimates
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represent an average cost premium, rather than an extra cost gpplicable to dl drilling Stes
on federad property. Third, anumber of wells might be drilled in a particular lease area
and operators may have difficulty in dlocating fixed costs (including those associated
with environmenta compliance) between wels. This problem arises on both federa and
private property, but is afactor that would reduce the precision of the estimates
presented. Fourth, wells drilled in the Checkerboard tend to be deeper and more
expensive than wdls drilled in other locations in Wyoming and in other states. Thus, the
cost premium estimated would represent alarger percentage increase in drilling costsin
other locations.
54  Simulation Results

This section gpplies the modd described in Chapter 3 to Smulate removad of the
more sringent environmenta and land use regulations on federd property for oil and gas
drilling and production in the state of Wyoming.2 Simulations depicted in this section
utilize the same basdline condition developed in Chapter 4 dong with the following
convenient re-derivation of equation (4.4)

ap = {(1-teg)(1-tu(1-tyh} (5.1)

where t denotes the effective cost premium embedded in the surveyed drilling cogts for
welson federd land.”  In the base condttion, te = 0. Solution values reflect asituation
where environmenta regulations on federa and private property are equaly sringent. In
the case considered here te = ($111,000 / ($524,343 - (0.51" $111,000)))0.051 = 0.12,
where $111,000 represents the incrementa estimated cost of drilling awell (see Section
5.3), $524,343 is the average cost of drilling awdl in the state in 1997 (see Table 3.8),

and 0.51 represents the fraction of wells drilled on federa property in 1997 (see Table
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5.3). This caculation uses the average cost of drilling awdl in Wyoming, which is about
54% of the cost of drilling awdl in the Checkerboard and the estimated incrementa cost
of drilling on federd property in the Checkerboard is assumed to apply statewide. Also,
the smulaion accounts for the generous federd tax treatment of drilling costs. The,
after-tax impact of areduction in environmentd regulatory costs is alittle more than two-
thirds of the pre-tax impact (i.e., te(1 - tus)(1 - th= 0.12" 0.704 = 0.084).

Results of the amulation are presented graphicdly in Figures WY 8-WY 10.
Figure WY 8 shows that removing the more siringent environmental regulations on
federd property (dotted path) pertaining to drilling have the effect of increasing this
activity overdl and tilting it to the present. More specificdly, setting te = 0.12 increases
drilling by more than 9,000 wells (19.8%) over the 60-year Smulaion horizon. With
increased drilling, additiona new reserves are developed (see Figure WY 10) and
production declines lessrapidly, as shown in Figure WY 9. During thelife of the
program, eiminating the added environmenta regulatory costs on federa property
(dotted path) in Wyoming would appear to increase the volume of oil and gas extracted
by about 387 million BOE (5.2%). These outcomes show that drilling is more sendtive
than production to regulatory changes. In the case a hand, areduction in environmentd
compliance costs increases incentives to drill, but in any given year the margind product
of drilling falls with the number of wels drilled. Also, over time, the margind product of
drilling fdls as exploraion and devel opment activity cumulate, dthough in the
smulaions, thiseffectissmdl. Thus, production, which is driven by the size of the

reserve base, changes by a smdler percentage than drilling activity during the program.
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In any case, the permanently reduced output of oil and gas over the life of the
extraction program has a variety of implications. For example, production tax revenue to
the Sate varies with extraction rates, holding prices congtant. Currently, Wyoming State
and locd governments levy production taxes with an effective ad vaorem rate totaing
approximately 12.0%. Applying thisrate to the lost output valued a $19.22 per BOE and
discounting a r = 0.04, yidds an estimate of the present value of foregone tax revenue of
$259 million. Thisfigure represents a 3.5% reduction in the present value of state and
local production taxes collected. Thus, it is easy to see why sates with large amounts of
federd property that rely heavily on minera production tax revenue to finance public
services frequently are opponents of more stringent environmental and land use
regulation. More generdly, oil and gas|eft in the ground because of the regulatory
process represents a cost to society that must be balanced against the benefits resulting
from enhanced environmenta protection. An estimate of this cost, obtained by valuing
the lost output each year using estimates of | 1(t) = (p(t) - Cq(t))e™ (the discounted
shadow price of the resource in the ground) from the smulation, comes to $968 million.
Thisfigure, of course, represents the vaue of lost output of oil and gas from the more
gringent environmenta and land use regulations prevailing on federd property. A
corresponding caculation of lost output resulting from al environmenta regulation of oil
and gas activities on al types of property would be larger.

55  Conclusion

This chapter has presented a theoreticd and empiricd framework for andyzing

the relationship between environmental and land use regulation, and exploration and

production in the oil and gasindusiry. Effects of environmenta regulations were
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obtained using observations on the cogt of drilling oil and gas wellsin the Wyoming
Checkerboard. The main idea behind the investigation was to estimate the extent to
which the more stringent environmenta regulations prevailing on federd land lead to
increased drilling cost. Higher costsindeed were found: These regulations add more than
$100,000 to the cost of drilling awell of average depth, representing a substantia
percentage increase in drilling cogt.

Effects on exploration and extraction of these regulations were obtained by
performing a smulation reflecting the removd of the federd cost premium. Wyoming
was used for a case study in this regard because it has the greatest percentage of oil and
gas drilling on federd property. An advantage of this gpproach is that effects of
environmenta and land use regulation can be measured in an gppropriete theoretica
framework that accounts for mgjor features of the U.S. tax code facing oil and gas
operators. The main findings from the amulations are if these regulations are
maintained, future exploration for oil and gasin Wyoming will be nearly 20% lower and
output of oil and gas will be as much as 5.2% lower. This reduced output represents a
cost to U.S. residents that must be balanced againgt the benefits of the environmentd

regulations. Chapter 6 turns the attention of the study to cod.
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ENDNOTES
'For acolorful account of this unusual land transaction and other inducements granted by
the federad government to support construction of the transcontinentd railroad through
Wyoming, see Larson (1965).
?Detailed maps showing that the current ownership pattern of land around the Union
Pecific railway line in southwestern Wyoming gtill resembles a checkerboard are
available from the Wyoming Spatid Data and Visudization Center at
http://wims.sdve.uwyo.edu.
3Deacon (1993) conducted related simulations to assess impacts of various types of taxes
on drilling and production of oil, however, he did not consider effects of regulatory costs.
“The American Petroleum Institute, since 1990, has published results of an industry
guestionnaire regarding costs related to prevention, control, and abatement of pollution
from all petroleum operations. The report entitled, U.S. Petroleum Industry’ s
Environmental Expenditures, estimates aggregate expenditures only for thefollowing
sectors: refining, exploration and production, transportation, and marketing. 1n 1997, for
example, APl estimates that the exploration and production sector of the industry spent
approximately $1.7 billion to protect the environmen.
®This view is borne out by examining stipulations attached to Bureau of Land
Management leases in the checkerboard and in other Wyoming locations. The so-cdled
“gips’ broadly indicate that required precautions in one location are unnecessary in
others, but do not precisdy indicate what mitigation efforts are necessary. Instead,

leaseholders are required to develop mitigation plans for agency approva.
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®Datafor earlier years dso are available, but measures of cost are not complete for all
wells and the location of wells are missing or at least appear to be less precise than for
1987-98. See Table5.3.

"L ongitude and latitude coordinates provided are accurate to five decimal places and
pinpoint each well to within one meter of its exact location.

8Simulations aso were carried out for New Mexico using a counterpart cost premium
estimate however these turned out to be quite smilar to those for Wyoming and are not
reported here.

This formulation re-expresses effects of more stringent regulations as a proportiona,
rather than additive (see Section 5.3), cost increase to smplify both the presentation and
amulationsin this section. Also, effects of environmenta regulaions pertaining to
extraction aso could be incorporated into the mode ; however, this aspect is not pursued
in light of previous discusson emphasizing the relative importance of regulations that

aoply to drilling.
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Table5.1

Data on Drilling Rates. Sdlected States, 1996.

OIL AND GAS WELLSTO % WELLS
TOTAL WELLS RESERVES RESERVES DRILLED ON
STATE DRILLED (in quads of BTUS) RATIO FEDERAL LAND
Alaska 189 40.17 4.70 44.87°
Cdifornia 1399 22.08 63.36 7.86
Kansas 1403 9.48 148.07 0.08
Louisana 1289 13.66 94.40 0.06
New Mexico 1084 21.31 50.87 43.70
Oklahoma 2036 17.14 118.75 0.75
Texas 8258 72.73 113.55 0.16
Wyoming 615 16.20 37.96 50.85

2 Federal, State, and Tribal land drilling comprise approximately 98% of Alaska’stotal activity.
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Table 5.2

Codt Function For Oil and Gas
Drilling in the Wyoming Checkerboard®

(n=1390)

EXPLANATORY DEFINITION MEAN COEFFICIENT
VARIABLE (t-STATISTIC)
CONSTANT --- --- 0.330

(342
FEET® Depth of well in 10.58 0.320E-05
thousands of feet (2112
PRIVATE =1if well on private 0.54 ---°
property; O otherwise
FEDERAL =1if well on federa 042 0111
property; O otherwise (4.630)
STATE =1if wdl on dtate 0.04 0.055
property; O otherwise (0.95)
OIL =1if wel isanal 0.06 ---¢
well; O otherwise
GAS =1if wel isagas 0.82 0.125
well; 0 otherwise (2.37)
DRY =1if wel isdry; O 0.12 -0.253
otherwise (-4.31)




Table 5.2

(Continued)
EXPLANATORY DEFINITION MEAN COEFFICIENT
VARIABLE (t-STATISTIC)
ROCK SPRINGS =1if well isin Rock 0.31 ---°
Springs BLM District;
0 otherwise

RAWLINS =1if wdl isin 0.45 0.046
Rawlins BLM (1.46)

Didtrict; O otherwise
KEMMERER =1if wel isin 0.24 0.027
Kemmerer BLM (0.82

Didtrict; O otherwise

1987 =1if well was drilled 0.01 -c
in 1987; O otherwise

1988 =1if well wasdrilled 0.04 0.187
in 1988; 0 otherwise (1.75)
1989 =1if wdl was drilled 0.04 0.173
in 1989; 0 otherwise (1.63)
1990 =1if wel wasdrilled 0.07 0.114
in 1990; 0 otherwise (1.12)
1991 =1if wel wasdrilled 0.06 0.246
in 1991; O otherwise (2.37)
1992 =1if well was drilled 011 -0.067

in 1992; 0 otherwise (-0.67)
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Table 5.2

(Continued)
EXPLANATORY DEFINITION MEAN COEFFICIENT
VARIABLE (t-STATISTIC)
1993 =1if well wasdrilled 0.13 -0.036
in 1993; 0 otherwise (-0.36)
1994 =1if wdl was drilled 0.11 -0.076
in 1994; O otherwise (-0.76)
1995 =1if well was drilled 0.08 -0.124
in 1995; 0 otherwise (-1.21)
1996 =1if wel wasdrilled 0.10 -0.111
in 1996; O otherwise (-1.09)
1997 =1if wel was drilled 0.12 -0.049
in 1997; O otherwise (-0.48)
1998 =1if well wasdrilled 0.13 0.07
in 1998; O otherwise (0.704)

& Dependent variable istotal drilling cost in millions of $1992.

b The estimate of the Box-Cox transformation parameter applied to FEET was 5.514 (t-statistic = 209.85).

¢ Denotes omitted dummy variable.
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Table5.3

State Summary of Key Variables (Mean (STD), 1987 — 1998)?

STATE COST/FT® AVE. DEPTH (in ft) % FEDERAL® % TOTAL WELLS
Alaska 579.40 (450.30) 8692 (3680) 44.87 (17.18) 056
Alabama 71.37 (45.39) 7123 (5225) 0.75 (7.20) 171
Arkansas 49,53 (65.16) 4924 (2255) 157 (8.02) 1.03
Arizona 62.07 (19.93) 2959 (899) 417 (10.21) 001
Cdifornia 82.94 (29.82) 5067 (2280) 7.86 (24.20) 6.14
Colorado 42.27 (22.58) 4933 (1966) 10.22 (23.54) 404
Florida 82.29 (56.11) 13250 (3672) 11,54 (32.58) 002
Georgia 29.11(3.87) 3100 (1019) 0.00 (0.00) e
lowa 27.86 (24.38) 1925 (949) 0.00 (0.00) e
Idaho 226.90 (67.31) 8736 (10560) 100.00 (0.00) e
lllinois 27.49 (10.66) 1952 (1203) 0.56 (6.34) 227
Indiana 30,50 (25.55) 1422 (715) 218 (1348) 058
K ansas 25,87 (8.46) 3180 (1474) 0.08(.72) 8.18
Kentucky 31.09 (14.31) 1809 (1093) 0.04(63) 379
Louisiana 90.82 (63.33) 7984 (3475) 0.06 (.75) 448
Michigan 75.27 (45.15) 3989 (2493) 6.08 (21.29) 2.79
Mississi ppi 68.43 (57.64) 9249 (3945) 264 (12.22) 0.83
Montana 48.37 (2062) 4629 (2858) 16.45 (28.26) 1.06
N. Dakota 56.99 (27.91) 7996 (2556) 11.17 (23.47) 0.78
Nebraska 21.89 (10.43) 4609 (1290) 0.35(2.16) 036
New Mexico  70.50(38.22) 4617 (2573) 43.70 (35.05) 405
Nevada 81.28 (48.89) 5556 (2278) 71.67 (35.30) 008



Table5.3

(Continued)
STATE COST/FTP AVE.DEPTH (in ft) % FEDERAL® % TOTAL WELLS"
New York 35.72 (854) 2083 (1537) 0.00 (0.00) 0.46
Ohio 29.70 (6.34) 3662 (1478) 0.12(1.31) 3.89
Oklahoma 52.24 (25.89) 5355 (3215) 0.75 (3.99) 9.24
Oregon 57.13(23.49) 2353 (305) 0.00 (0.00) 0.02
Pennsylvania 3657 (23.63) 4049 (1679) 1.07 (6.66) 337
S. Dakota 72.96 (115.0) 4358 (2360) 35.65 (38.16) 0.05
Tennessee 3194 (952) 2031 (693) 0.00 (0.00) 0.32
Texas 59.22 (33.40) 5862 (2532) 0.15 (2.08) 3307
Utah 107.50 (75.64) 5633 (3429) 5057 (32.84) 0.87
Virginia 36.17 (5.99) 3565 (1279) 1.75 (13.25) 0.40
W. Virginia 35.85 (8.84) 4164 (1280) 0.29(252) 261
Wyoming 69.46 (36.62) 6586 (2837) 50.85 (26.80) 294
Total Sample  55.74 (73.44) 4904 (3156) 5.21(18.92) 321,370 Total Wells

& State summaries aggregated on county-level averages.
b Surveyed drilling cost per foot in 1992 dollars.
¢ Percentage share of total wellsdrilled in a state on federal lands.

9 Percentage share of total wells drilled in a state within the sample.
© Small share not reported.
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CHAPTER 6

THE WYOMING COAL MARKET

6.1 Introduction

Magjor changes have occurred in energy markets since the early 1970’'s. Many of
these changes have affected the market for Wyoming coal. The next decade promisesto
bring forth further developments influencing the Wyoming coal industry. These
developments will, in turn, influence Wyoming's economy, employment, and
environment. The purpose of this part of the overal study isto develop an understanding
of the market for Wyoming coal, so that the effect of various tax incentives and
environmental regulations on Wyoming's coal production can be analyzed. This chapter
introduces and discusses salient aspects of the Wyoming coal market, both with regard to
changes that have occurred since the 1970’ s and expected future devel opments. Section
6.2 focuses on the changes in the Wyoming coal industry, particularly in the last two
decades. Section 6.3 shifts the attention to the railroads and describes key coal
transportation cost issues. Section 6.4 looks at electric utility fuel buying strategies, the
types of new contracts involved and potential new markets affecting Wyoming coal
demand. Sections 6.5 and 6.6 overview some of the many institutional aspects of
environmental and tax policy. Chapter 7, then, presents a theoretical model of the
interactions between the major playersin the Wyoming coal market - coal producers,
railroads, and electric power plants. Key model equations are econometrically estimated
and numerical solutions to specific tax rate changes are presented. Finally, chapter 8

presents and estimates an initial model of changes in Wyoming coal demand in response
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to sulfur dioxide regulation under the 1990 Clean Air Act Amendments.
6.2  Changein the Wyoming Coal I ndustry

Recently, important changes affecting the Wyoming coal industry have occurred.
Many of these (and perhaps others) will continue unfolding in the near future. Outlining
these changes helps us to be aware of important factorsto be considered in making
predictions about the behavior of Wyoming coa buyers, sellers, and transporters. The
Wyoming coal industry isintricately tied to the electricity industry, since 1997, 97
percent of Wyoming coal is used for steam electric power generation. The dependence on
electricity also links Wyoming coal to the oil and gas industry (because these fuels can be
substituted for coal), to the railroads (because most electric utility customers are located
far from Wyoming mines and rail shipment is predominant), and to environmental
regul ations affecting electric utilities.

The most evident change in the Wyoming coal industry isits growth. Wyoming's
coal production has grown from 7 million tons in 1970 to nearly 336 million tonsin 1999
(Coal Industry Annual, EIA/DOE). Most of this growth has occurred in the Powder River
Basin (PRB). Between 1988 and 1999, PRB coal production has nearly doubled,
increasing from 162 to approximately 319 million tons. Accompanying this rapid growth
has been an increasing dominance of PRB coal in the national coal market. While the
share of the nation’s coal from Appalachia and the Midwest has fallen since 1988,
production in Wyoming has grown from 17 percent of national production to around 28
percent currently. In contrast, Montana, has shown little growth in its coal production,
from 38 million tons in 1988 to approximately 43 million in 1999 (see Figure 6.1).

Earlier studies (e.g., Kolstad and Wolak, 1983) portrayed Montana as Wyoming' s major
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western coal competitor. However, the proprietary mine cost data made available for this
study suggests otherwise. Specifically, coal production costs are significantly lower at the
mines in the Wyoming PRB and a substantial share of Montana coal is sold to power
plants near the mines (captive mines). Conversely, Wyoming coa has experienced
increased competition from producers in other western states, notably Colorado and Utah,
whose combined output has increased by 59 percent, from 3.6 percent of national
production to 4.9 percent (EIA/DOE).

As production hasrisen, coa prices have fallen. Declining coal prices are related
to improvements in coal mining technology, changesin the prices of other fuels, changes
in the structure of coa contracts with electric utilities, and increases in competition both
within and outside the coal industry, especially rail transportation. At the mine-mouth
level, the average price of Wyoming coal has fallen by over 50 percent since the mid-
1980's (see Figure 6.2). Moreover, as shown in Table 6.1, the declinein pricesis
concurrent with falling coal prices from other states and nationally, but the Wyoming
declineisthelargest. In 1985, only 5 percent of Wyoming coal sold for $5.00/ton or less
at the mine mouth; by 1997 nearly 75 percent sold at this low price and nearly 100
percent will sell at below $5.00 by 2002 (Wyoming Coal Information Committee, 1998)

Of course, the price of coa per ton will vary with the characteristics of that coal.
Currently, the two most important characteristics are heat and sulfur content. Heat
content is measured in BTU/Ib. Sulfur content is measured as a percentage of weight.
Generaly, pricesfor PRB coal are lower because of its low heat content (ranging 8000-
9000 BTU/Ib) and higher dueto its low sulfur (SO2) content. Coal from other western

states tends to have higher heat content and higher sulfur content. Table 6.2 shows that
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the mine-mouth prices of coal from Wyoming and its major western competitor states
reflect these coal characteristics.

Coadl prices at the mine-mouth are most relevant for taxation purposes because
Wyoming coal severance taxes are based on the FOB prices that coal producers receive.
However, the most relevant price for Wyoming coal buyersisthe delivered price of coal.

The difference between the mine-mouth price and delivered price to an electric utility is
the price of transportation. Delivered prices have not fallen as much as FOB prices. This
isevident from Table 6.3, which shows the average delivered price of coal to electric
utilities in the various regions where Wyoming coal issold. For example, the average
delivered price of coa to Wyoming coal’ s largest customersin the West South Central
Region (Arkansas, Louisiana, Oklahoma and Texas) has fallen by less than 15 percent
since 1988, much less than FOB prices have fallen.

6.3  Transportation Costs

For utility buyers, the salient pricein their fuel supply decisionsisthe delivered
price of Wyoming coal. The difference between the FOB price of coal and its delivered
priceisthe price of rail transportation. For Wyoming codl, it is not unusual for
transportation costs to comprise 70 percent or more of the delivered price. Table 6.4
presents an analysis of therail rate to delivered price ratio for the years 1988, 1993, and
1998. Notice how rail rates comprise alarger percentage of the Wyoming delivered price
in 1998 versus 1988. Previous research has suggested that the railroads servicing
Wyoming coal customers may charge prices that exceed those of a competitive market
(Atkinson and Kerkvliet, 1986). However, since this research was done, important

changes have occurred. Rail rates have fallen considerably and an additional railroad now
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provides service to part of the PRB. Conversely, railroad mergers have occurred and the
1980 Staggers Act has largely freed railroads from price regulation.

Only two railroads serve the PRB and other Wyoming coal basins are served by a
singlerailroad. The possibility of non-competitive rail rates for PRB and other coal has
been the subject of continual concern and some research (e.g., Stagg Engineering
Services, Inc., 1996; Interim Report on Coal Transportation, EIA/DOE, 1995). The EIA
reports that the U.S. average transportation costs for contract coal fell 19 percent between
1988 and 1993, while the typical distance coal is shipped has increased. The average
transportation rate for coal from the Western coal supply region (including Wyoming) to
plants located in the Midwest fell from 18.2 mills per ton milein 1979 to 17.2 millsin
1986 to 9.5 millsin 1993. For plantslocated in the South, the corresponding rates are
16.5, 17.4, and 11.4 (EIA/DOE, 1995). The EIA concludes that falling rail rates have
resulted from technological and organizational advancements and from increasing
competition in fuel and transportation markets. Conversely, areport prepared for the
Montana Governor’ s office (Stagg Engineering, 1996) is not so sanguine. This report
suggests that rail rates out of the northern PRB may be non-competitive and that the
singlerailroad serving the Northern PRB is likely to exercise considerable economic
power.

6.4  Utility Demand and Fuel Strategies

Electric utilities employ avariety of strategiesin order to meet their goals of
minimizing fuel costs. Utilitieswill generally take advantage of all market opportunities
in order to reduce the risk of fuel supply disruptions and will attempt to mitigate the

ability of few suppliers to charge higher prices. Utilities are now, more than ever,
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aggressively managing their fuel supply arrangements. One way this management is
manifest isin the pursuit of aportfolio of fuel suppliers. These portfolios manage risk by
obtaining coal from avariety of coa suppliers and producers of different types of fuels
(e.g., 0il and gas). Coal supply variety may be in the dimensions of regions, coal BTU
content, coal impurities content, and the railroads transporting the coal.

Current portfolios are in sharp contrast with the behavior of many Wyoming coal
customersin the 1980's. In the past, most power plants depended on one or two
Wyoming mines for 80-95 percent of their fuel supplies (Atkinson and Kerkvliet, 1989).
Three anecdotal examples of current diversification behavior tend to reflect the new point
of view: 1) Alabama Power has new supply arrangements with four suppliers, one each
from Virginia, southern Illinois, Kentucky and Venezuela (Coa Week, Jan 5, 1998); 2)
San Antonio (TX) City Public Service Board, along-time PRB coal customer, is
considering purchasing coa from two Colombian mines. Thisisin response to slower
than desirable delivery times from PRB suppliers (Coal Week, Jan 19, 1998); and, 3) In
January 1998, Springfield (MO) City Utilities announced an agreement with ARCO to
supply 1.1 million tons per year until 2001. Coal from the PRB will be mixed with coal
from the utility’ slong-standing suppliers from other regions (Coa Week, January 12,
1998). Thistype of fuel portfolio diversification is expected to intensify in this decade.

6.4.a Spot Markets

In the 1970's and 1980's, nearly all sales of Wyoming coal were conducted under
the terms of long-term contracts. These contracts ranged from 5 to 50 years duration and
contracts signed with PRB minesin 1980 averaged 18 yearsin duration. By 1984 new

contracts averaged only 4 years in duration and the 1990’ s saw even further declinesin
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duration (Kerkvliet and Shogren, 1998). Inthe 1990’ s one-time (spot) sales are now an
important component of the coal market, comprising approximately 20 percent of total
salesin 1998 (FERC Form 423, Wyoming Coal Information Committee, 1998). Some
spot market sales are made to utilities who are not traditional Wyoming coal customers,
but many are made to customers who also hold long term contracts with Wyoming coal
mines. These customers are taking advantage of lower spot market prices to reduce their
fuel costs. For example, the Jim Bridger plant in Wyoming is located near a coal mine,
but it also purchases spot market coal from more distant Wyoming mines. It is possible
that spot market sales are more sensitive to price, than contract sales, and less sensitive to
coal characteristics. The pricesfor spot market Wyoming coal are consistently lower than
prices for coal sold under long-term contract. In 1998, spot market Wyoming coal prices
averaged $1.09/ MMBTUs (Millions of BTU’s) while long-term contract prices averaged
$1.19 (FERC Form 423).

6.4.b Contracts

Most contracts with PRB suppliers were initially signed in the mid to late 1970's.
Many of these contracts had durations of around 20 years so they are, or soon will be,
expired. In addition, some customers have chosen to breach or renegotiate old contracts,
often replacing them with agreements of shorter duration. This trend mirrors the national
trend, where the percentage of coal tonnage sold under contracts of 10 years or less
duration has increased from 22 percent in 1979 to 34 percent in 1993 (The U.S. Coal
Industry in the 1990’s, EIA/DOE, 1999). With contract expiration, utilities are looking at
new coal supply options, including other PRB suppliers, suppliers from regions other than

the PRB, and alternative fuel suppliers.
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Two examplesillustrate this phenomenon. Omaha Public Power’s (OPP) contract with
the PRB’s Caballo mine expired in 1999. In 1998, OPP solicited bids to conduct test
burns of 2-3 different PRB coals (Coa Week, March 9, 1998). Secondly, when Hastings
Utility’ s contract with Peabody/Caballo expired in 1998, it sought bids from aternative
suppliers with coal specifications not especially well suited to the PRB (Coal Week, May
4, 1998).

6.4.c New Markets

In the 1980's, the flexibility of coal purchasersto seek alternative or multiple
suppliers of coal was somewhat constrained by the heterogeneity of coal and the
sensitivity of power plant efficiency to differencesin coa characteristics. Utility boilers
are commonly designed to burn coal of a specific grade and chemical composition.
Because PRB coals differ substantially in SO2, ash, moisture content, levels of trace
elements, and ash fusion temperatures, the use of an aternative coal involved costly
retrofitting, deterioration of boiler performance, and may have been just technically
impossible. However, with recent technology and fuel prices differing enough, utilities
are demonstrating a willingness to experiment with coal switching and/or blending. What
was once along-term question has now shifted to an intermediate term redlity.

The boilers for steam-electric generation are idiosyncratic in that a boiler will
perform differently depending on the type of codl it isfed. When utilities contemplate
changesin their fuel supply arrangements for an existing plant, a common method isto
conduct test burns. A trainload or so of coal (10,000 tons) is ordered from a particular
supplier. The coa isburned and the performance of the boiler is evaluated. This

information is then used, in conjunction with price, contract terms, and portfolio
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considerations, to decide on fuel supply arrangements. Between 1989 and 1995, utilities
test burned western (Wyoming, Montana, Colorado and Utah) coal in 34 generating units
(Coal Outlook Supplement, December 5, 1995). In some cases these experiments have
resulted in new Wyoming coal customers (Ellerman, et al., 1997).

In the last decade, PRB coal has successfully penetrated into geographic regions
where no sales were made in the 1970's and 1980's. This market penetration often
involves large contracts of long duration and follows a period of test burns, bid
solicitation, and/or spot market purchases of PRB coal. Sales to these new markets have
increased from 730,000 tons/year in 1989 to 14,100,000 tons/year in 1995 (Coal Outlook,
Supplement, December 4, 1995). Table 6.5 details power plant purchasers of Wyoming
coa in 1997. First time 1997 purchases of Wyoming coa penetrated new marketsin
Arizona, North Carolina, Georgia, and even Los Angeles.

6.5  Environmental |ssues

Since the 1970 Clean Air Act, the coal market has been strongly impacted by
environmental regulation. Beginning with the 1972 Clean Air Act Amendments
(CAAA), utilities have been subject to a variety of command-and-control regulations
including the kind of technology to use (usually flue gas desulfurization equipment, or
scrubbers) and/or the requirement to reduce sulfur dioxide (S02) emissionsto 1.2 Ibs of
sulfur per MM BTUs of fuel burned (see Forster, 1993). The latter requirement favored
low sulfur coal from the PRB and other regions, while the scrubbing requirement favored
high sulfur coal producers, largely in the Midwest.

With the 1990 CAAA, utilities face anew set of decisions regarding

environmental regulation (see Schmalensee, et a. 1998). The Acid Rain Program (Title
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V) of the 1990 CAAA initiated Phase . Here, utilities with 445 boilers, all west of the
Mississippi, were provided with initial alocations of permitsto emit SO02. For these
Phase | boilers, each ton of SO2 emitted requires that the emitting utility provide the EPA
with apermit. The permits are tradable; that is they can be bought and sold. This new
method of tradable permits alows utilities to decide how to best meet the restriction that
emitted tons of S02 be matched with an equal number of permits. The utility can pursue
one of three strategies, or combinations thereof. First, it can use the permitsit is allocated
by the EPA and perhaps purchase some more to match its SO2 emissions. Second, it can
install flue gas desulfurization (FGD) equipment to reduce its SO2 emissions by 60-95
percent. Third, it can reduce its SO2 emissions by purchasing coal or other fuelsthat are
low in sulfur. With the second and third strategies, the utility is free to sell its unused
permits. SO2 permit markets are now fully operational (Joskow, et al., 1998). In 1991
permit prices were about $300. Since then the price has fluctuated from alow of $70 in
March 1996 to $220 in December 1998 (Environmental Protection Agency, 1999).

Phase Il of the 1990 CAAA began this year, 2000. In PhaseIl, over 2000 boilers,
owned by nearly al utilities in the country will face the similar, but tighter, S02
regulations compared to Phase | (Solomon, 1999). Phase Il regulations are tighter
because the initial permit allocations will be reduced by about 50 percent. Relative costs
will determine which strategy, or combination or strategies, utilities will choose to
comply with 1990 CAAA. Caoallectively, these decisions have had and will have an
impact on the market for Wyoming coal, as some utilities may chose to purchase low-
sulfur PRB coal, and thereby decrease the number of permits they would have to

purchase, increase the number of permits available for sale, or avoid the costs of
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installing scrubbing equipment.

The effect of the 1990 CAAA on Wyoming coal saleswill likely depend on the
price of SO2 permits. Itislikely that higher permit prices will favor Wyoming coa since
alower price makes it more likely that burning low sulfur PRB coal will be less
expensive than burning higher sulfur coa and purchasing permits. However, low sulfur
coal is also available from other regions, and some utilities have pursued this fuel
switching strategy by purchasing coal from these other regions, including Central
Appaachia, Colorado, and Utah (EIA/DOE, 1997). Indeed, Ellerman, et a. (1997) report
that 24 percent of the observed Phase | reductionsin S02 emissions came from utilities
switching from high sulfur lower sulfur coal from these later regions, while 13 percent of
the SO2 reduction came from switching to PRB coal.

The strategies chosen by utilities to comply with 1990 CAAA are further
complicated in two ways. Firgt, utilities are able to either use their allocated or purchased
permits in the current year to offset current SO2 emissions, or they may save these
permits for usein future years. This so-called “banking” has proven to be popular with
utilities and accounts for some of the over-compliance with emissions levels on the part
of some utilities (Solomon, 1999). Second, the means by which utilities in various states
are regulated may influence utilities' compliance strategy choices. Some states (notably
[llinois and Indiana) have attempted to force utilities to use locally produced high sulfur
coa rather than switch to low sulfur coal from outside the state. Other state regulatory
authorities differ in the way they allow utilities to treat the costs or revenues resulting
from buying or selling permits (see, for example, Winebrake, et a., 1995).

The following decisions of various utilities, to date, help to reveal the beginning

169



of an interesting, but complex story. American Electric Power islikely to install a
scrubber on its 630 MW Kammer plant. A major reason listed for this choice isthe
market for by-products that can be produced with a scrubber, namely gypsum and/or
ammonia-based fertilizers (Coal Outlook, July 3, 1995). Pennsylvania Power and Light
weighed fuel switching options against the cost of scrubbing two units of its Montour
plant. In doing so, it tested about 250,000 tons of low-sulfur coalsin 1995, some from as
far away as Utah (Coal Outlook, July 3, 1995). Tampa Electric Company has announced
itsintention of installing scrubbers on the two plants of its Big Bend Generating Station.
The cost of scrubber installation is estimated to be $90 million (Coal Week, June 22,
1998, v. 24, n. 25). Pennsylvania Power and Light tested coal from Utah in its Brunner
Island plant. Itislikely that the fuel switching strategy will be used for this plant, with
coal obtained from Central Appalachiaand the PRB (Coal Outlook, December 11, 1995).
Table 6.5 indicates the power plants purchasing Wyoming coal that are under
Phase | regulation. For the most part, these plants were purchasing Wyoming coal before
1995. However, five of these Phase | plants (Cardinal, Bailey, Tanners Creek, Wansley,
and Kincaid) commenced Wyoming coal purchasesin 1995 or later. Whether Phase |
regulations were decisive in these decisions is not transparent. Between 1993 and 1995,
PRB coal deliveriesto Phase | plantsincreased from 43.7 to 73.3 million tons (FERC
Form 423). However, how much of thisincrease can be attributed to the 1990 CAAA is
uncertain, since some may have resulted from declining PRB delivered coal prices and
the expiration of utilities coal contracts with Midwestern producers (Ellerman, et al.,
1997). Salesfrom 1993-1995 of low sulfur coal from other low sulfur coal producing

areas (Utah, Colorado, and Central Appalachia) also increased, by about 11 million tons
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(Ellerman, et a. 1997).
6.6 Taxes

Coal taxes are important because these proceeds provide substantial revenue to
Wyoming government at the state and local level. Asthey also affect prices, taxes may
be a determinant of the level and location of Wyoming coal production and sales.
Wyoming coal competes for customers with coal from other states, so differences
between Wyoming coal taxes and taxes in other states may also be important.

All coal produced in the U.S. is assessed Black Lung taxes on atonnage basis. In
addition, all coal produced from federal leases is assessed a 12.5 percent federal royalty
tax, half of which isreturned to the mining state. Wyoming levies several taxes on coal,
beginning with a state severance tax at the surface mine-mouth of 7 percent of the FOB
price. Other state taxes, including ad valorem, sales and use, state royalties, and other
state and local taxes, combined approximately equal the severance tax in percentage
terms (Wyoming Coal Information Committee, 1998). In addition, many mines have paid
substantial bonus bids for several key federal leases. In the Wyoming 2000 legidlative
session, WS 39 Chapter 20 creates an excise tax on commercial transportation of coal,
produced in Wyoming, levied at the rate of 0.0001 for each ton transported per milein the
state. An estimate of the effective per ton rate can be constructed by calculating a
weighted average rail miletrip in the state. According to the 1998 Surface Transportation
Board Carload Wayhill Sample, approximately 38 percent of Wyoming (Powder River
Basin) codl rail shipments were outbound north/east at an average distance of 109 miles.
The balance of the sampled shipments headed south/southeast at an average distance of

338 miles. This data yields aweighted average trip of approximately 250 miles or a per
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ton rate of 0.025.

Wyoming coal taxes constitute about 37 percent of the FOB coal price, but the
percentage of the delivered price is much smaller (Wyoming Coal Information
Committee, 1998). For illustration, consider the average FOB price of coal in 1997,
$5.83/ST (1993 dallars), or about $0.34/MMBTU. Of this price, about 37 percent, or
$0.126/MMBTU is made up of coal taxes. However, coal taxes account for about 11
percent of the average 1997 delivered coal price of $1.17/MMBTU. The reason for the
difference is the high percentage of the delivered price that is composed of transportation
changes. The difference will be smaller, and the percentage of the delivered price
attributable to coal taxes larger, for nearby coal customersin and near Wyoming.

Montana stax structure affecting coal is quite different. In addition to federal
taxes and royalties (and their tribal equivalents), the effective state severance tax ratein
Montanais about 10 percent of the FOB price for surface and 3 percent for underground
coa. In addition, Montana levies a gross proceeds tax of about 3.3 percent of FOB price
and a Resource Indemnity and Ground Water Assessment tax of .25 percent. Also,
Montana recently increased its property tax on railroad cars. The effect of thistax wasto
increase tax levies on coal shippers by as much as 250 percent (Stagg Engineering, 1996).

In addition, Montana levies genera property taxes on the market value of real property.
The trandation of the two latter taxes into percentages of FOB or delivered priceis not
clear, but it appears that overall, Montana coal taxes are 3-5 percent of FOB price higher
than Wyoming's coal taxes (Stagg Engineering, 1996).

The state of Colorado assesses a $0.65/ton severance on coal, after exempting the

first 25,000 tons produced by each mine in each quarter (Santos, 2000). In addition,
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Colorado assesses property taxes and state royalty fees, while coal produced from federal
leases pay federa royalties. Overall, Colorado coa was taxed at arate of $2.63/ton or
about 14 percent of the average FOB price of Colorado coal. For an average Colorado
coal heat content of 11,300 BTUY/Ib, this trandates into taxes of about $0.11-0.12 per
MMBTU, or about the same level of taxation for Wyoming coal.

6.6.a Changing Taxes

There are two critical elements wrought by tax changes. Thefirst isthe
responsiveness the quantity of Wyoming coal demanded to changesin the delivered price
of coal. The second isthe effect of tax changes on the prices paid by purchasers and
received by coal suppliers. Combined, these effects are termed tax incidence. Tax
incidence will depend on the responsiveness of coal demand to price changes and the
effect of changing output on the costs incurred by Wyoming mines and coal-hauling
railroads.

Although atax may be placed on Wyoming coa at the mine mouth or on the
transportation of Wyoming coal, the price paid by coal buyers may reflect none, a portion,
or al of the tax, depending on tax incidence. Morgan and Mutti (1981) and Mutti and
Morgan (1983) show that tax incidence depends on the cost structures of mines and
railroads, on coa buyers' demand characteristics, and on the degree to which suppliers
exercise market power by adjusting their pricesin response to tax changes. Forward
shifting, that is tax increases resulting in some increase in the price paid by plants, is
facilitated by two quite different conditions. First, taxes will be more completely forward
shifted the more that mines and railroads have marginal costs that vary little over awide

range of output. Similarly, taxes will be more fully forward shifted the less responsive
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guantity demanded is to price changes. The second condition making forward shifting
more likely is the exercise of market power by mines and/or railroads. The more
suppliers are able to set prices, the more complete will be tax forward shifting. Forward
shifting is also enhanced by unresponsive demand and a greater dominance of Wyoming
cod inindividual fuel markets (Morgan and Muiti, 1981).

Morgan and Muitti identify four factors that increase the possibility that coal taxes
will be forward shifted through the exercise of market power. First, coa’s heterogeneity
limits buyers' flexibility to buy coal of adifferent chemical composition. Second, high
transportation costs may segment national markets into regional markets. Third, long
term contracts may require buyers to purchase fixed quantities of coal, with price
increases sometimes passed forward to electricity buyers. Fourth, railroads may possess
market power because they are monopoly or duopoly sellersin al Wyoming coal basins.
As such, railroads may price discriminate and charge higher prices to customers with less
price responsive demands. In addition, if taxing authorities, mines, and railroads possess
market power, each may react to the others' price and tax changes by raising or lowering
their own prices (Mutti and Morgan, 1983).

The opposite of forward shifting is backward tax shifting, where tax changes are
reflected in changes in the prices received by mines and railroads and in the resulting
changes in the quantity of coal produced and transported. Marginal costs that increase
with output and/or inputs that are fixed in quantity are the conditions for backward
incidence. Inthelong run, taxes will be completely backward shifted and reflected in
lower payments to suppliers of fixed inputs. At present, these suppliers are the owners of

coal reserves, largely the federal government, since 90 percent of Wyoming coal is mined
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from federal |eases and these resources have limited alternative uses (Morgan and Muiti,
1981; Wyoming Coal Information Committee, 1998). Chapter 7 develops a conceptual

model that incorporates major aspects introduced in this chapter.
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Table6.1

Average Mine Price of Coal, 1988-1998

STATE OR REGION 1998 | 1997 | 1996 | 1995 | 1994 | 1988
WYOMING 480 | 534 | 581 | 610 | 6.50 | 10.63
MONTANA 732 | 876 | 904 | 893 | 9.89 | 11.69
COLORADO 1535|1643 | 16.28 | 17.86 | 18.80 | 26.61
WESTERN 777 | 847 | 910 | 941 | 10.06 | 14.60
U.S. TOTAL 15.68 | 16.14 | 16.78 | 17.47 | 1847 | 25.63

Source: Coal Industry Annual, Energy I nformation Administration/DOE

(REAL 1992 DOLLARS PER SHORT TON)
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Table6.2

Representative Mine-Mouth Prices by State,
Heat Content and Sulfur Content
(NOMINAL PRICES)

SO2 1/98 Price
State BTU/Ib Content, | Range, FOB | 1/97 Average
Percent | Mine Price, FOB Mine
Wyoming 8400 0.5 $3.15-3.40 $3.08
8800 0.5 4.00-4.40 3.88
10000 0.6 13.50-14.00 12.75
10500 0.6 14.00-14.75 12.50
Montana 8600 0.7 4.74-5.50 5.13
9300 0.4 5.30-6.00 5.65
Utah 11500 0.6 16.00-17.25 16.13
Colorado 10700 0.5 12.00-12.50 12.00
11300 0.8 13.50-14.00 13.50
11600 0.5 14.75-15.50 14.88

Source: Coal Week, January 5, 1998, v. 24, n. 1.
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Table 6.3

Average Delivered Price of All Coal, 1988-1998

(NOMINAL DOLLARS PER SHORT TON)

REGION 1998 | 1997 | 1996 | 1995 | 1994 | 1988
WEST NORTH 1491 | 1539 | 1553 | 16.10 | 16.76 | 20.11
CENTRAL
WEST SOUTH 19.34 | 19.69 | 20.13 | 20.66 | 20.79 | 23.08
CENTRAL
MOUNTAIN 20.83 | 21.52 | 21.82 | 2151 | 21.83 | 21.32
EAST NORTH 2751 | 27.68 | 2829 | 29.67 | 30.56 | 35.70
CENTRAL
U.S. TOTAL 25.64 | 26.16 | 26.45 | 27.01 | 28.03 | 30.46

Source: FERC Form 423.
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Table6.4

Average Rail Rates, Delivered Prices, and Distance, 1988, 1993, 1998

In $1995

1988 1993 1998
Rail Rate per Ton® 20.25 16.88 13.28
Average Delivered Price/Ton of
Wyoming Coal to Electric Power 31.61 24.51 18.41
Plants’
Rail Rate ~Average Delivered Price .64 .69 72
Average Railmiles from a Wyoming
Origin to a Power Plant Destination® 989 991 964

4carload Wayhill Sample, Surface Transportation Board, 1988-98. Defined as freight revenue.

FERC Form 423.
“Carload Waybill Sample, Surface Transportation Board, 1988-98. 50 carloads or morein a

delivery.
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Table6.5

Plants Purchasing Wyoming Coal, 1997

Name of Company

(* indicates a Phase | plant)

Name of Plant

Alabama Power Co (SC) James Miller
Ames, City of Ames

Arizona Public Service Cholla
Arkansas Power and Light (MSU) Whitebluff
Arkansas Power and Light (MSU) Independence
Associated Electric Coop Madrid
Associated Electric Coop Hill

Basin Electric Power Coop Leland Olds

Basin Electric Power Coop

Laramie River

Black Hills Corporation

Neil Simpson

Cajun Electric Power Coop Big Cajun No.2
Cardinal Operating Co(AEP) Cardinal*
Carolina Power and Light Rox Boro
Carolina Power and Light Mayo

Central lllinois Public Service Newton
Central Electric Power Coop-Missouri Chamois
Central lllinois Light Edwards
Central Louisiana Electric Rodemacher

Central Power and Light(CSW)

Coleto Creek

City Public Service-San Antonio

JT Deely/Spruce

City Utilities of Springfield James River
City Utilities of Springfield Southwest
Cleveland Electric lllum. Co Avon Lake
Cleveland Electric lllume Co Lake Shore
Colorado Springs Dept Pub Utilities Nixon
Commonwealth Edison Crawford
Commonwealth Edison Joliet
Commonwealth Edison Kincaid*
Commonwealth Edison Powerton
Commonwealth Edison Waukegan
Commonwealth Edison Will County
Commonwealth Edison Fisk
Commonwealth Edison State Line
Consumers Power Cobb-Sandusky Sg
Consumers Power Campbell*
Consumers Power Weadock-Sandusky
Consumers Power Whiting
Dairyland Power Cooperative Alma-Madgett
Dairyland Power Cooperative Genoa No.3*
Detroit Edison Co Harbor Beach
Detroit Edison Co Monroe
Detroit Edison Co River Rouge
Detroit Edison Co St Clair
Detroit Edison Co Trenton Channel
Detroit Edison Co Belle River
Electric Energy* Joppa

Empire District Electric Riverton
Empire District Electric Asbury*
Fremont Dept of Public Utilities Wright
Georgia Power (Southern Co) Wansley*
Georgia Power (Southern Co) Scherer
Grand Island Utilities Platte
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Gulf State Utilities Nelson
Hastings Utilities Hastings
Houston Lighting and Power Limestone
Houston Lighting and Power Parish

IES Utilities 6th St

IES Utilities Sutherland
IES Utilities Burlington*
IES Utilities Ottumwa
lllinois Power Baldwin*
lllinois Power Havana
lllinois Power Wood River
Indiana and Michigan Power(AEP) Rockport

Indiana Michigan Power (AEP)

Tanners Creek*

Indiana-Kentucky Electric Corp

Clifty Creek*

Interstate Power Lansing

lowa Electric Light and Power Prairie Creek 1-4*
lowa-lllinois Gas and Electric Louisa

Kansas City Bd Public Utilities Kaw

Kansas City Bd Public Utilities Quindaro*

Kansas City Bd Public Utilities Nearman

Kansas City Power and Light Hawthorne

Kansas City Power and Light Montrose*

Kansas City Power and Light latan

Kansas City Power and Light Co La Cygne

Kansas City Power and Light Co Lawrence

Kansas City Power and Light Co Tecumseh

Kansas Power and Light Co Jeffrey Energy Center
Lansing Board of Water and Light Eckert

Lansing Board of Water and Light Erickson

Los Angeles Dept of Wtr and Pwr Intermountain
Lower Colorado River Authority S Seymour-Fayette
Manitowoc Public Utilities Manitiwoc
MidAmerican Energy Riverside

MidAmerican Energy

Council Bluffs

Midwest Power Inc.

George Neal ¥

Mississippi Power(Southern Co) Watson*
Montana Power Co Corette
Muscatine Power and Water Muscatine
Nebraska Public Power System Sheldon
Nebraska Public Power System Gerald Gentleman
New England Power(NEES) Brayton
Northern Indiana Public Service Bailly*
Northern Indiana Public Service Mitchell
Northern Indiana Public Service Michigan city*
Northern Indiana Public Service Rollin Schahfer
Northern States Power Black Dog
Northern States Power High Bridge*
Northern States Power King

Northern States Power Riverside
Northern States Power Bay Front
Northern States Power Sherburne County
Oklahoma Gas and Electric Muskogee
Oklahoma Gas and Electric Sooner

Omaha Public Power District North Omaha
Omabha Public Power District Nebraska City
PacifiCorp Johnston
PacifiCorp Naughton
PacifiCorp Wyodak
PacifiCorp Jim Bridger
Platte River Authority Rawhide
Portland General Electric Boardman
Public Service Co of Oklahoma (CSW) Northeastern

Public Service Co of Colorado
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Public Service Co of Colorado Comanche
Public Service Co of Colorado Valmont

Public Service Co of Colorado Pawnee

Public Service Co of Indiana Gibson Station*
Rochester Dept Public Utilities Silver Lake
Sierra Pacific Power North Valmy
Sikenston Board of Mun Utilities Sikeston
Southwestern Electric Power Pirkey
Southwestern Electric Power (CSW) Flint Creek
Southwestern Electric Power (CSW) Welsh Station
Southwestern Public Service Harrington
Southwestern Public Service Tolk

St Joseph Light and Power Lakeroad
Sunflower Electric Power Corp Holcomb Unit #1
Takoma Dept of Public Utilities Steam No.2
Tampa Electric Davant Transfer
Tennessee Valley Authority Paradise
Tennessee Valley Authority Shawnee
Tennessee Valley Authority GRT Terminal
Tennessee Valley Authority Cora Transfer
Tennessee Valley Authority Cahokia Ill.
Texas Municipal Power Gibbons Creek
Texas Utilities Electric Co Monticello
Toledo Edison Co Bay Shore
Union Electric Labadie*
Union Electric Meramec
Union Electric Sioux*

Union Electric Rush Island
United Power Association Stanton
UtiliCorp United Inc Sibley

West Texas Utilities (CSW) Oklaunion
Western Farmers Electric Coop Hugo
Wisconsin Electric Power Presque Isle
Wisconsin Electric Power Oak Creek*
Wisconsin Electric Power Pleasant Prairie
Wisconsin Power and Light Edgewater*
Wisconsin Power and Light Nelson Dewey*
Wisconsin Power and Light Rock River
Wisconsin Power and Light Columbia
Wisconsin Public Service Corp Pulliam*
Wisconsin Public Service Corp Weston
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CHAPTER 7

MODELING THE WYOMING COAL MARKET
AND PREDICTING TAX EFFECTS

7.1  Introduction

This chapter begins by discussng factors that determine effects of a changein
Wyoming's cod severancetax. These factors are shown to be the responsiveness of the
quantity of coa demanded to changesin cod’s price, the degree to which railroads and
cod mines margina costs change when the leve of output changes, and the important
question of whether or not power plants, Wyoming cod mines, and railroads exercise
market power. Then, evidence on the market structure for Wyoming cod is examined
and astylized model is developed of interactions between a competitive cod industry,
price taking power plants, and a monopolist/monopsonist railroad. The modd developed
is comparative-gatic, as contrasted with the dynamic model for oil and gas. This
approach was taken for two reasons. Firdt, exploration isless of an issuein the case of
cod than it isfor ail and gas. Wyoming and, more generdly, the U.S. have vast coa
reserves and the location of these reservesis known. Second, economic interactions
between mines, railroads, and utilities at a point in time are thought to be more important
to cgpture in amodel than the optimd exploitation of cod over time. In any case, based
on thismodd, theoretica predictions are derived of the effects of areduction in the cod
severance tax and the impodtion of aton/mile tax on railroads on changes on the quantity
of cod produced, mine-mouth cod prices, railroad freight rates, and delivered prices of

codl.
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After estimating relevant cost and demand functions, the theoretical modd is
operationalized by inserting empirica estimates of key parameters. These estimates are
obtained using two confidentia data sets, one on cogts of surface cod mining in the
Powder River Basin and the other on variable cogts of hauling cod from various pointsin
Wyoming to 244 electric power generation plants. Also, estimates of demand for
Wyoming cod, obtained from publicly available data from the Federd Energy
Regulatory Commission, are novel in that they dlow the market areafor Wyoming cod
to change with changesin the ddivered price. Using these empiricd estimates jointly
with the conceptua model developed, numerical predictions are provided of effects of the
two tax changes. In genera, effects of tax changes considered on production of cod, the
mine-mouth price of cod, railroad freight rates, and delivered prices of cod are quite
smal in comparison to probable changesin tax collections. For example, the cod
severance tax reduction considered leads to areduction in severance tax collections by
about 27%.

7.2  Modé

7.2.a Background

The mode developed in this section shows how Wyoming's production of cod is
affected by changes in ad vaorem production tax rates and the impostion of a specific
tax on tonnage hauled by railroads. The model focuses on interrelationships between
three important agents in the market for cod, producers, railroads, and eectric utilities.
Producers, of course, are the suppliers of cod and utilities are the main end users who use
cod asan input in the generation of dectricity. Railroads, which provide transportation

of cod, areincluded in the modd because freight costs may represent as much as 80% of
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deivered coal prices. Key aspects of the model are that coa producers are treated as
perfect competitors, railroads are assumed to exercise market power in setting
transportation rates faced by utilities, and utilities are assumed to have little bargaining
leverage in their purchases of Wyoming cod.

This characterization of industry structure may seem surprising because the
exercise of market power by dl agentsin the cod market has been a dominant themein
previous research. Atkinson and Kerkvliet (1986 and 1989), for example, suggest that
sources of market power a the mine leve include entry barriers due to restrictions on
federa cod leasing, long lead times required to obtain permits and to construct amine,
and economies of scale that had been achieved by only afew mines at the time of their
dudies. At the mine-power plant interface, investments in heterogeneous cod reserves
and coal-specific power plants conveyed potentid market power to both mines and
plants. Moreover, the long-term contracts designed to protect these investments limited
effective competition, a Stuation that was exacerbated when these contracts contained
price escalation, take-or-pay, or Smilar provisons. Atkinson and Kerkvliet (1989) find
that power plants can gain market power by purchasing dominant shares of the
production of individua mines. Similar sources of market power were identified for
rallroads. In addition, only asingle railroad served each of the coa basinsin Wyoming,
but railroad rates were regulated prior to the passage of the Staggers Act in 1980. Also,
Kolstad and Wolak (1983) examine the market power that the states of Wyoming and
Montana can use to extract rents through severance taxes and find that they could gain

subgtantia tax revenues by increasing rates even in the absence of collusion.
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Much has changed, however, since these early studies were conducted. For
mines, the barriers to entry resulting from the 1980's moratoriums on federd cod leases
have eased somewhat. The number of large Wyoming mines has increased; 19 owners
now operate 28 minesin Wyoming. There are 10 owners operating 17 mines in the PRB.
Of these, 11 mines are likely to be fully exploiting scale economies with annud
production of more than 10 million tons each (Lyman and Hallberg, 1999). Also,
transacti onspecific investments associated with heterogeneous coa aso appear to have
diminished in importance, which, in turn, has reduced the potentia for monopoly pricing
by cod suppliers and monopsony behavior by plants. Three types of evidence suggest
that there have been engineering advances in mixing different types of cod. Firs, as
discussed in Chapter 6, plants are increasingly using diversified portfolios of cod and
other fuel suppliersto meet their fue requirements. Second, most Wyoming cod buyers
now buy from more than one Wyoming mine. In 1995, 80 percent of the plants for which
al Wyoming cod sdes could be identified purchased cod from more than one Wyoming
mine. On average plants purchased cod from 2.8 Wyoming mines. Third, thereis
evidence that individua plants have learned to successfully mix bituminous cod from
other states with sub-bituminous cod from Wyoming (Ellerman, et d., 1997).

Furthermore, as described in Chapter 6, long-term contracts have diminished in
importance, while spot market purchases and shorter-term contracts are now the norm.
Nearly al new cod saes occur at the low prices of $6.00 per ton or less and are governed
by contracts of 4 years duration or less (Kerkvliet and Shogren, 1998; Wyoming Codl
Information Committee, 1998). Current Wyoming coa contracts leave sdllers and buyers

more exposed to market forces because contracts are now more likely to contain market-
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based re-opener provisions and less likely to contain price escalation or take-or-pay
provisons.

Turning to railroads, Wyoming cod transportation rates have falen subgtantialy
since deregulation occurred with passage of the Staggers Act in 1980. Recent research
suggests three reasons for this decline. Fird, railroads costs have falen due to
technologica change (Wilson, 1997). Second, deregulation ended the practice of
charging high cost shippers less than margind cost and making up the deficit by charging
low-cost shippers rates exceeding margind costs. This dlowed railroads to concentrate
more on low-cogt traffic, such as unit train shipments of cod, and increase traffic
dengties. Thisin turn led to decreasesin overdl rail cogts, reduced union power, and
ultimately lower red wages (MacDonad and Cavalluzzo, 1996). Third, the entry of the
Chicago and Northwestern railroad into the PRB led to immediate decreasesin rail rates
of 30 percent or more and further decreases in subsequent years (EIA b; Atkinson and
Kerkvliet, 1986). Y, it remains the case the many utilities that purchase Wyoming cod
are served by one, or at most two, railroads.

7.2.b Specification

In the modd outlined below, cod producers are price-takers, operate identical
mines located a a single point in space, and maximize profits after taxes. Profits (pw) of

arepresentative mine are given by

py, =R, Q- G(Q)- tR,Q 0£t<1 (7.2)
where Py denotes the price of coa faced by all producers, Q denotes the mine' s outpui,

G(Q) isthe mine' s extraction cost function, and ty denotes the ad valorem production tax
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rate. Extraction cogtsrise with increasesin Q. Thefirg order condition determining the
min€ s output decison is

dpw/dQ = Py -Gg-tuPu= 0 (7.2)
or

Py = Go/(1-tm) (7.3)

where Gq isthe margina cost of producing another unit of cod. Thus, mines produce
cod up to the point where the after tax price received is equa to margind cost, provided
the second order condition for a profit maximum holds (i.e,, if margind cost isincreasng
inQ, or Ggg>0). Additiondly, the representative mine' s supply curveisthe portion of
the margina cost curve that lies above the average cost schedule and the industry supply
curve for cod (H(Q)) can be obtained by horizontaly summing these individua mine

supply curves. Industry output of cod (Q*) is determined where

Pm = H(Q)/(1-t). (7.9)
A singleralroad hauls cod produced by the mines dong asingle track to alarge
number of identica cod-fired electric power generation plants. All power plants are
located at the end of the track, are the same distance from the mines, and have no other
sources of cod. Thus, the railroad has both monopsony power over the mines and
monopoly power over the power plants. Electric power is produced for anationa market
and plants receive afixed price for each unit of power produced. Each plant hasan
identica inverse demand function for coa in which the ddivered price, Pp, is negatively
related to the quantity of cod purchased. These individua demand functions can be
horizontally summed to yield the electric power industry’ s aggregate inverse demand

schedulefor cod, Pp=1(Q). Therailroad' s per unit freight charge, Pg, isequd to the
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difference between the delivered price of coa and the mine-mouth price (i.e., Pr=Pp-
Pwm).
The railroad decides how much cod to haul to the power plants and how much to

chargefor itsservices. Its profit functionis

Pr= PrQ-C(Q)-trQ (7.5)
where C(Q) denotesthe railroad' s cost function for hauling cod and tr denotes the tax
rate per unit of cod hauled. Using the fact that Pp=Pg+ Py and subgtituting equation
(7.4) yidds

Pr= PoQ-C(Q)-trQ-PmQ =Qf(Q)-C(Q)-trRQ-QH(Q)/(1-t) (7.6)

which givesrailroad profits in terms of utility demand for cod, railroad cogts, and the
industry supply of cod by themines. Thefirg order condition for a profit maximum
requires

TR/ Q= Qf g+ f(Q)-Ca-tr-QHo/(1-tw)-H(Q)/(1-tw) =0 7.7
and the second order condition for a profit maximum is

TFRMI= Qf go+ 2fo-Cag-QHao/(1-tm)-2Ho/(1-tw)= D<0 (7.8)

Equation (7.7) states that the railroad hauls cod up to the point where the

margind revenue obtained from utilities (Qfo+f(Q)) is equd to the margina tax-indusve
cost (Cqt tr) Of transporting the cod plus the margina tax-indusive expense of supplying
another unit of cod by the cod industry (d(QH(Q)/(1-tm))/dQ= QHo/(1-tm)+H(Q)/(1-
ty)). Thisresult reinforces the idea that the railroad acts as both a monopsonist in its
decisons of how much cod to haul and asamonopalist in its ability to set freight rates
(and, thus, delivered prices) seen by the utilities. Both monopoly and monopsony power

act to limit the amount of coa hauled between mines and power plants and to drive a
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larger wedge between Py and Pp than would exit if trangportation of cod was a
perfectly competitive industry. Second order conditions are satisfied if the margina
revenue schedule cuts the aggregate margina expense schedule (defined as the margind
cod expense schedule plusrailroad marginad cost) from above. If the second order
condition is satisfied, equation (7.7) can be manipulated to show the effect of changesin
tm and tg on the production of coa (Q) and the three prices (Pwu, Pp, Pr).

7.2.c Comparative Static Results

To obtain comparative gtic effects of changesin tr and tyy on Q, totdly
differentiate equation (7.7) and solve for dQ/dtgr and dQ/dty as shown in equation (7.9)
and equation (7.10).

dQ/dtr=1/D (7.9)

dQ/dtv=(QHo+H(Q))/(L-tm)’D (7.10)
In equation (7.9), dQ/dtr<0 if D<0 and in equation (7.10) dQ/dty<O0 if B<0 and if the
cod supply scheduleis postively doped (Ho>0). Thus, increasesin tgrand ty lead to
reductionsin the quantity of cod produced, a genera conclusion that can be further
elaborated from three perspectives. First, dQ/dtr will be larger for smdler vauesof D
In other words, the magnitude of dQ/dtr increases as the dopes of the marginal revenue
and the aggregate marginal expense schedules become flatter (see equation (7.8)).
Second, the magnitude of dQ/dty also dependson D but the denominator of equation
(7.10) is reduced by the factor (1-ty)?, which variesinversdy with the level of the initia
production tax, and the numerator isthe mine's margina expense of supplying an
additiond unit of cod before taxes. 1n consequence, dQ/dty will be greater the amaler is

D thelarger istheinitid ad valorem tax rate, and the larger isthe margina expense of
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hauling an additiona unit of cod. Notice thet larger vaues of the margina cod expense
correspond to larger vaues of margind cost of cod production (H(Q)) and that Ddoes
not depend on H(Q) (see equation (7.8)). These rdationships imply that for given values
of ty and D dQ/dty will increase with cod’ s share of aggregate margina expense.

Equations (7.9) and (7.10) aso are useful in computing effects of the two types of
taxeson Py,Pp, and Pg. Differentiating equation (7.4) holding ty constant and
subgtituting equation (7.9) shows how Py responds to achangein tg.

dPw/dtr= (dPm/dQ)(dQ/dtr)=Hg/(1-tm)D<0 (7.12)
Also, differentiating the utility demand function for cod and subgtituting equetion (7.9)
shows the effect on Pp of achangein tg.
dPp/dtr=(dPp/dQ)(dQ/dtr)=fo/D>0 (7.12)
In other words, the increase in tr raises the aggregate margina expense of hauling cod
and reduces the amount of cod thet the railroad iswilling to haul. Utilities now buy less
cod and pay ahigher price per unit. Also, mines produce less cod and cut prices
because their margina costsfall as output contracts. Thus, theincreasein tg drivesa
deeper wedge between Pp and Py that dlowstherailroad to increase itsfreight ratesin
such away that a portion of the tax is shifted in both directions. The changein the
railroad freight rate is shown in equation (7.13).
dPg/dtr=dPp/dtr-dPw/dtr=(1/(1-tm)D[ (1-tm)fo-Hgl >0 (7.13)

Effectson Py, Pp, and Pr resulting from achange in the ad valorem production
tax on mine output (tvm) can be obtained in asimilar fashion, however, results are
somewhat more dgebraically complex and details are presented in Appendix D.

Differentiating equation (7.4) and subgtituting equetion (7.10) yidds
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dPw/dtm= (dPw/dQ)(dQ/dtm)=(Ho/(1-tw))(dQ/dtm)+H(Q)/(1-tm)*  (7.14)
In equation (7.14), the first term on the right-hand-side is negative (because dQ/dty<0),
while the second term is positive. However, Appendix D shows that dPy/dty>0 if
d(QHo/H(Q))/dQ>0. This derivative, which measures whether Hg grows faster or dower
than H(Q)/Q when Q rises, is positive provided Ho>0 and Hoo® 0, an outcome that is
amilar to the familiar demondration that the dope of amargina cost curveis greater
than the dope of an average cost curve over the range of output for which margind cost
isincreasing. Moreover, equation (7.15) showsthat an increasein ty aso increasesthe

ddivered price of cod:

dPp/dty= (dPp/dQ)(dQ/dtm)=fo(dQ/dtm)>0 (7.15)
Because Py and Pp both move in the same direction when ty changes, the sgn of
dPr/dty is, in generd, ambiguous. However, subtracting equation (7.14) from (7.15)
dPp/dtm-dPw/dty= dPr/dtm= (fo-Ho/(1-tm)) (dQ/dtm)-H(Q)/(1-tm)*>  (7.16)
showsthat rall rates rise with increasesin ty provided that the utility’ s demand schedule
for cod is more steeply doped than the cod industry supply function and H(Q) issmdll
enough. In any case, numericd caculations of dPg/dty are presented in Section 7.4 on
the basis of econometric estimates of the parameters of the model developed in the next
section.
7.3  Estimation
The mode developed in the previous section can be used to quantify effects of
production tax changes on output and prices of cod. Theidea here isto econometricaly
estimate key modd parameters and then use these vaues to compute the derivatives

obtained in the previous section. Estimation procedures, of course, must recognize that
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the actual market for cod has many features that were disregarded in the modd. For
example, dectric power plants can burn fudls other than cod (such as natura gas) and
they are obvioudy not dl located at the same distance from the mines. Railroad freight
coss are related not only to quantity of cod hauled, but also to the distance it must travel.
Cod produced by the minesis not homogeneous and mine costs are not identical. Thus,
egtimation methods must control for these as well as other important factorsin order to
obtain the desired relationships. This section has three parts that report estimates of: (1)
cod supply, (2) railroad cogts, and (3) utility demand.

7.3.a Coal Supply

This subsection estimates a net-of-tax supply schedule of cod (H(Q)) produced in
the Powder River Basin of Wyoming. The Powder River Basin accounts for an
overwheming percentage of Wyoming's coa output and an even larger percentage of
cod shipped out-of-gate. Estimates of the supply function make use of proprietary and
confidentid mine-specific cost data furnished by Hill and Associates (1999). Thisfirm
annudly collects detailed cost estimates and production information on currently
operating, recently closed, and proposed new cod minesin the Powder River Basin and
other cod producing regions in Wyoming and in other U.S. states. At present, only cost
data for Powder River Basin mines are available. These data are used to prepare
forecasts at 5-year intervas over the next 20 years of direct mining costs per ton for each
mine assuming operation at capacity. The analyss below is based on the direct cost
estimates for the period 2000-2004. Regarding cost data, capacity operation is defined as
an economic limit to production and, for al mines, lies below maximum alowable

annua production permitted under date air qudity regulations. Direct mining costs
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include anticipated wages and salaries of labor, expenses for materials and supplies, and
capital costs required to deliver coa from the mineto arallcar. These cost estimates,
which do not include corporate overhead, roydlties, taxes, final reclamation accruds, or
depreciation, differ subgtantialy between mines. Cogt differences are dueto variationsin
mine ratios (overburden thickness), capitd intensty, mining methods, and other factors.

The egtimate of the supply function presented below exploits the differencesin
direct costs between mines because no information is available on production costs at
output levels below capacity. The key assumption hereis that direct production costs per
ton vary little with output up to the point of capacity operation and then turn sharply
higher. Thus, for each mine, direct cost per ton would (gpproximately) equal margina
cost per ton at output levels below capacity and mines would choose to produce a
capacity whenever the FOB mine price exceeds direct cost per ton. Also, the Powder
River Basin supply curvefor cod can be visudized as a step function by first ordering
mines from lowest to highest in direct cost and then plotting the direct cost of each mine
againgt cumulative output. Advartages of this gpproach are that it identifies the mines
that would be operationd at a given FOB mine price, identifies mines that would open (or
reopen) if the price rises, and identifies mines that would closeif the price fdls.

A continuous gpproximation to the Powder River Basin cod supply function was
obtained by regressing the natura logarithm of direct operation cost in dollars (COST) on
cumulative output in millions of short tons (CUMTONS). This functiond form was
chosen because the plot of the step function described above suggests an exponentia
rel ationship between cost and cumulative output. Results are shown in equation (7.17)

In(COST);= CONSTANT+0.0011 CUMTONS+6 (7.17)
(6.813)
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where the subscript j indexes mines, g, isameasured residud, the t-statigtic of the
coefficient of CUMTONS is shown in parenthes's, and the estimate of CONSTANT has
been suppressed so as not to disclose the value of direct cost for the lowest cost producer.
Als0, this regression uses data from 22 mines, 17 of which are in current operation, and
RP=0.70. Indluding observations on 5 rdlatively high cost, nonoperating minesis
warranted because they provide information about the shape of the cost curve at output
levels above current production. As shown in equation (7.17), the coefficient of
CUMTONS: s positive and sgnificantly different from zero a conventiond levels,
suggesting that incrementa cost of cod production in the PRB increases at an increasing
rate with output; i.e., Ho>0 and Hoo>0. Discussion of the gppropriate level of output at
which to evauate these derivetives is deferred to Section 7.4.

7.3.b Utility Demand

Demand functions for both Powder River Basin cod and cod from dl producing
areasin Wyoming are estimated by gpplying an adaptation of Heckman's (1979) two-step
estimator to data on fuel purchases by utilities. In the first step, equations are estimated
to predict whether a utility will purchase Powder River Basin or Wyoming cod and in the
second step, demand equations for Powder River Basin and Wyoming coa are estimated
for utilities that purchased thisfuel. Theidea hereisto account for the fact that cod
produced in Wyoming competes in a marketplace with other fuels such as naturd gas and
cod produced in other U.S. states and that trangportation costs increase with distance and
often represent alarge fraction of its ddlivered price.  For example, as a utility’s distance
from Wyoming rises, the probability thet it will purchase Wyoming cod is expected to

fdl (other things congtant). Also, as the mine-mouth price of Wyoming cod fdlsrelaive
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to prices of other fuels, the economic market area for Wyoming cod is expected to
expand. Thus, the demand schedule must not only alow for current buyersto increase
cod purchases as the mine-mouth price fals, but aso for the “economic reach” of
Wyoming cod to expand. Correspondingly, as ddlivered cod prices rise, the demand
schedule must account both for current buyers to subgtitute against Wyoming cod and in
favor of other fudls for the most distant utilities to discontinue buying atogether.

More specificaly, first step probit equations are estimated using pandl dataon a
total of 416 U.S. dectric power plants over the period 1983-98 and are used to predict the
probability that a utility purchases Powder River Basin or Wyoming cod. Plants are
included in the sample if they burned cod from any sourcein at least one year between
1983-98. Nuclear and hydrodectric power stations are excluded from the sample
because they were not designed to use cod. Also, the panel is unbaanced because some
coal-fired plants did not operate in each year (i.e., older plants were retired and new
plants came on line during the sample period). A tota of 6238 observations are
available, rather a sample size of 6656 that would be expected if the pand was baanced.
The dependent variable is binary and equals oneif cod is purchased (see below), and is
zero otherwise.

Edtimation of this equation raises two generd issues. Thefirgt dedswith how
best to exploit the panel structure of the data. Random effects estimation was chosen
because the probit modd does not lend itsaf well to afixed effects treatment of
heterogeneity among cross-sectiond units (see Greene 1997). Y &, heterogeneity among
electric power plantsisimportant to consder because they exhibit substantia differences

in unobserved engineering characterigtics that contribute to explaining whether low
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sulfur, low BTU Wyoming cod might be purchased. The second issue deals with how to
measure the cost of Wyoming cod faced by utilities. Two aspects are important here.
Fird, the decison of whether or not to purchase Wyoming cod may be determined
smultaneoudy with its delivered price. Second, the ddlivered price is known only for
utilities that actualy purchased Wyoming codl.

To avoid both of these problems, instruments for the red delivered price were
constructed using the predicted vaues from aregresson of this variable on the straight-
line digtance (in miles) between each plant and Gillette, Wyoming (the community & the
center of cod mining activity in the Powder River Basin). These regressonswererunin
aBox-Cox (see Greene 1997) framework by applying nonlinear least squaresto all
available observations on plants that purchased Wyoming cod. Predicted vaues of red
delivered price, then, were assgned to dl plants (whether they purchased Wyoming coa
or not) based on the distance variable. Two regressons were estimated, one for utilities
using Powder River Basin Cod and the other for utilities usng Cod from any Wyoming

mine. Outcomes for these regressions are shown in equation (7.18) and equation (7.19).

RDPRI CEprg=12.24+0.056DI STANCE* +e 1 =0.83 (7.18)
(6.95) (6.23) (16.50)

RDPRI CEwyo= 14.14+0.050DI STANCE* + e 1 =0.86 (7.19)
(7.76) (7.25) (19.82)

The Powder River Basin regresson in equation (7.18) used 1389 observations and the
Wyoming regression in equation (7.19) used 1569 observations. t-daigtics are shownin
parentheses beneath coefficient estimatesand | isthe estimate of the transformation
parameter applied to DISTANCE. Thus, DISTANCE*=(DISTANCE'-1)/l . Both

equations show that the redl ddivered price of cod increases at a decreasing rate with the
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distanceit is shipped (i.e,, coefficients of DISTANCE' are positive and significant and
vauesof | are Sgnificantly less than unity a conventiond levels).

In any case, sample means, definitions, and data sources for explanatory variables
used in the probit regressions are presented in Table 7.1. Explanatory variables include
the predicted ddlivered price of cod (discussed above), the red price of natura gas (a
subgtitute for cod in eectricity generation), Sze of the power plant in number of kilowett
hours generated, and adummy variable indicating whether the observation was after
1990 (the date of amendments to Federal Clean Air Legidation that limited sulfur
emissions, see Chapter 8). All data described in Table 7.1 are taken from publicly
available government and industry sources.

Table 7.2 presents results from two probit regressons. Column (1) showsthe
outcome when the dependent variable indicates whether cod is purchased from a Powder
River Basn mine. In column (2), the dependent variable indicates whether cod is
purchased from any Wyoming mine. The estimates of theratio of the power plant
variance component to the sum of al variance components (r = 0.80) highlight the
importance of accounting for cross-sectiona heterogeneity. Margind effects of
explanatory variables, rather than the underlying probit coefficients, are presented
because they are easier to interpret. 1n both regressons, the margind effect of the
insruments for ddlivered price (RDPRICEHAT) is negative and highly sgnificant
indicating that more distant power plants face higher delivered prices and are thus less
likely to buy Wyoming cod. For example, the probability thet a power plant will
purchase Powder River Basin cod declines by about 1.5% for a$1 increase in delivered

price, when evauated a the means of dl variables. Remaining results suggest the
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probability that a power plant will burn Powder River Basin cod or cod from any
Wyoming mineis postively related to the size of the plant (GENER) and the price of
subdtitute fuds (RGASPR). Also, the postive margind effect of (D1990) indicates that
demand for Wyoming coa expanded after passage of the federal Clean Air Act
amendments. This agpect is further analyzed in Chapter 8.

Table 7.4, then, shows the outcome from second-step cod demand regressions of
the quantity of cod deivered to utilities on various explanatory varigbles (including the
ddivered price of coa) using panel datafor the period 1983-98. This equation was
edimated as an ordinary demand function, rather than an inverse demand equation as
gpecified in the conceptua modd, in order to facilitate calculations of effects of prices,
and ultimately taxes (see below). Again, estimates of two equations are shown; one for
cod deliveries from the Powder River Basin (see Column (1)) and another showing cod
ddiveries from dl producing areas in Wyoming (see Column (2)). Of course, the sample
szes are now smaller than those used in the Table 7.2 regressions because observations
are limited to only those utilities that actudly bought cod from aWyoming mine. These
regressions use information from the previoudy discussed probit regressions (the inverse
Millsratio (MILLS)) as explanatory variablesto control for the likelihood that a utility
buys either from the Powder River Basin or from any Wyoming mine. The two equations
reported in Table 7.4 were estimated using one-way fixed effects. In both equations,
two-way fixed effects estimation was tried, however, time effects were jointly
indgnificant at conventiona levels when added to an equation aready containing cross-
sectiond controls. Controlling for sources of heterogeneity among power plants (such as

distance from Wyoming) is quite important in this regard because the conceptua model



presented in Section 7.2 assumed that al utilities are located at the same distance from
the mines. Infact, coefficient estimatesin Table 7.4 are interpreted conditionaly on the
fixed effects; thus, they show effects on cod purchases holding distance (and other fixed
factors) constant.

The dependent variable in both of the Table 7.4 regressonsis the natura
logarithm of quantity of cod purchased. Definitions, sample means, and data sources for
explanatory variables are presented in Table 7.3. Explanatory variables include the redl
delivered price of Wyoming cod, the red prices of two substitute fuels (naturd gas and
coal obtained from a state other than Wyoming), plant size measured in kilowait hours of
eectricity generated annudly, and the inverse Mills ratio computed from the first Sage
probit regresson. Results of a Hausman (1978) test indicate that arandom effects
gpecification of these two equationsis rejected a conventiond leves of significance. F-
tests indicate that cross-sectiond effects are jointly sgnificant in both the Wyoming and
Powder River Basin regressions. Vaues of R2 were 0.83 and 0.73 for the Powder River
Basin and Wyoming regressons, respectively.

Coefficient estimates from both regressions are broadly smilar. Thered
delivered price of cod isinversely related to the quantity of coa purchased and positively
related to the red naturd gas price. Coefficients estimated are interpreted as percentage
changes, for example, if the delivered price of Powder River Basin cod increases by $1,
the quantity of coa demanded falls by about 1.4%. Alternatively stated, the price
eadicity of demand for Powder River Basin coa evaduated at the means of ddlivered
price ($24.18) and annua quantity purchased per year (1.97 MMST) would be quite low,

about -0.33. It isimportant to observe, however, that this price eagticity applies only to
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plants that are exigting buyers of Wyoming cod and disregards the expansion or
contraction of the market area when the price changes, arelated aspect that will be
consdered momentarily. In any case, existing buyers of Wyoming cod do not grestly
dter their use of thisfud in the face of price changes. Rddively fixed engineering
characteristics of boilers used in the generation of eectricity may be partly reponsible
for thisoutcome. Also, in both regressions, the coefficient of (OTHERCOAL) is negative
and but not significantly different from zero a conventiond levels. This outcome
provides weak evidence that non-Wyoming cod and Wyoming cod are complements and
may reflect the fact that many plants are engineered to burn ablend of cods from two or
more sources. The coefficient of GENER is postive and sgnificant in both regressions,
indicating that the quantity of cod sold to a utility is an increesing function of the amount
of eectricity that it generates. Coefficients of the redl price of netural gas are positive
and sgnificantly different from zero as wdl, suggesting that naturd gasis a subdtitute for
Wyoming cod. Findly, the coefficient of theinverse Mill’sratio (MILLS) is pogtive and
ggnificant a conventiond levels in the Powder River Basin regression and positive and
sgnificant a the 5% leve usng a one-tall test in the Wyoming regression.

The coefficient estimates of MILLS are of interest because they suggest the
importance of incorporating the coa demand function estimates into a selection model.
A practicd advantage of a selection modd in this context isthat it alows changesin the
market areafor Wyoming cod in addition to changes in quantity demanded by existing
purchasers (see Greene 1997 for further discussion, examples, and computationd details).
Intuitively, this point is easiest to see when estimating the second stage equiation as an

ordinary, rather than as an inverse, demand function because MILLS s afunction of the
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delivered price. More specificaly, in the estimates presented, the “market areal’ effect is
consderably larger than the “existing purchasers’ effect. For example, in the Powder
River Basin equation, the “market ared’ effect of achange in delivered price on naturd
logarithm of quantity purchased would be caculated by differentiating MILLS with
respect to delivered price (-0.27) and multiplying by the coefficient of MILLS (0.70) from
the regresson equation. Thisyields avaue of about -0.189, which exceeds the
corresponding “existing purchasers’ effect discussed above of -0.014 by afactor of more
than 13.5. Also, this caculation suggests thet after combining the two effects, the price
eladticity of demand (evauated at means of delivered price and quantity) is—2.23. These
two types of effectswill be further drawn out in Section 7.4, which presents calculations
of effects of tax rate changes.

7.3.c Railroad Costs

Data used to estimate railroad costs are taken from the 1988-1997 Carload
Wayhill Sample from the Surface Trangportation Board of the Interstate Commerce
Commission. These data are confidentiad, but are available for agiven state when
officialy requested for research purposes by that state’ s government. Data consist of a
random sample of railroad shipments ether originating, terminating, or passing through
Wyoming. For each year, the data were filtered to diminate non-coa shipments and cod
shipments congsting of fewer than 50 cars of cod. The latter filter was gpplied to
eliminate intermittent cod shipmentsto various steam and processing plants where the
associated cogts are likely be different than those for regular shipments to power plants.
Each year, the filtered wayhill sample captured shipments of 65-141 million tons of

Wyoming cod, representing between 35-45 percent of total VWyoming cod shipments.



For the shipments remaining in the sample after the filters were gpplied, Standard Point
Location Codes (SPLC) were used to identify the originating WWyoming mine and the
degtination power plant. The resulting mine/plant pairs are the units of observation in the
anays's presented below.

Two regressions were run using these data; one for rail shipments of Powder
River Basin cod and the other for rail shipments of cod from al Wyoming mines. Inthe
Powder River Basn regresson, atota of 207 mine/plant pairs were identified for coa
shipments between 1988 and 1997. In the Wyoming regression, 244 mine plant pairs
were identified. Transactions did not occur for some of these ming/plant pairsin some
years, so the data for each regression consisted of unbalanced panels of 1060
observations and 1322 observations for the Powder River Basin and Wyoming
regressons, respectively. Datawere gpplied in atwo-way fixed effects framework to
obtain an estimate of the railroad cost function for cod transportation C(Q). Thus, the
edimates automatically control for distance (and other time invariant mine/plant
characterigtics) aong each transportation route. This aspect of the estimation procedure
iscrucid, as noted in the previous subsection, because of the way that the conceptua
model was formulated.

The dependent variable in each regression is the naturd logarithm of the
rallroad’ s reported variable cost of operation associated with hauling coa dong a
particular routein agiven year. The Surface Trangportation Board (1998) computesthis
cost measure on the basis of railroad- specific accounting and operating data using the
Uniform Railroad Cogting System (UCRYS). It does not include generd and

administrative expenses and averages about 63% of the reported freight charges for all



244 routes over the 11-year sample period. Only two explanatory variableswere used in
the analys's because available data contain few variables that vary both across
transportation routes and over time. These variables measure: (1) quantity of cod
shipped dong aroute in aparticular year and (2) whether the railcars used were privately
owned. Sample means and more complete definitions of variables used are presented in
Table 7.5.

Regression results are presented in Table 7.6. As shown, both mine/plant-specific
and time-specific effectsjointly differ gnificantly from zero a conventiond levels and
vauesof R areahit below 0.90 in both regressions.  Additiondly, the coefficients of
QUANTITY and CAROWN are postive and highly sgnificant. Because mine/plant-
specific factors are controlled by fixed effects estimation, the coefficient of QUANTITY
measures the incrementd effect on variable cost arisng from shipping an additiona
million tons of cod aong each route. Thus, for given values of Q, valuesfor Cq and Cqg
needed to compute effects of tax changes discussed in Section 7.2 can be computed.
These caculations are described in Section 7.4 to follow.

7.4  Estimating Changesin Coal Purchases and Prices

This section uses the empirical estimates in the previous section together with the
conceptua model developed in Section 7.2 to make calculations of effects of tax changes
on both Powder River Basin and total WWyoming cod production, the mine-mouth price of
cod, the delivered price of cod, railroad freight charges, and Wyoming cod severance
tax collections. As previoudy indicated, two specific tax change scenarios are
considered: (1) a 2-percentage point reduction in the Wyoming cod severance tax, from

7% to 5% and (2) the imposition of aton-mile tax on railroads of $0.025/ton (see Chapter



6). Although, the method used to evauate these tax changesis straightforward, it is
helpful to dlarify several aspects of procedures used. Firdt, estimates of effects of the two
taxes on total \WWyoming production are computed using equation (7.9) and equation
(7.10) together with estimates of utility demand for Wyoming cod (see Table 7.4),
railroad costs (see Table 7.6), and the estimated mine cost function (see equation 7.17).
Second, recal that the mine cost function could be estimated using deta only from
Powder River Basn mines, S0 it is assumed that this mine cost function gppliesto dl
Wyoming mines. Third, the mine cost function and its derivatives were eva uated at
Wyoming's 1998 sample output level of 305 MMST. Fourth, because the empirical
andysis of railroad cogs treated mine/plant pairs as the unit of observation, derivatives of
the railroad cost function were evaluated at the 1998 average quantity of coa hauled
along the 244 routes considered (1.1 MMST).

Fifth, treatment of utility demand parameters requires a bit more explanation.
Recd| from the discussion in Section 7.3.b that the effect of a delivered price change on
quantity of Wyoming cod purchased is divided into two parts, an “existing plant effect”
and a“market area effect.” Also, note that the conceptual modd is based on the inverse
demand function for cod, wheress estimates of an ordinary demand function were
presented in Table 7.4.  In consequence, after computing the two types of effects, they
were combined in the estimated ordinary demand equation and then an inverse demand
function was derived usng theimplicit function theorem. Derivatives of thisinverse
demand function, then, were evauated at the 1998 average quantity of Wyoming cod

purchased by plants that bought this fuel in positive amounts (2.2MMST).



Table 7.7 presents results from computing the various quartities needed to
evauate equations (7.9) and (7.10) from the conceptual modd. Six features of these
cdculations warrant further comment. Fird, notice that D= -12.64, implying that the
modd’ s second order conditions are satisfied. Second, evauating H(Q) at Q=305
MMST givesavduefor margina cost of cod production of $5.09, which isdightly
below the average price 1998 coal price of Py=$5.48. This outcome suggests an
incentive to open additional mines, provided that their margina costs of operation a
capacity arelessthan Py and provided that this price is expected to hold into the future.
Third, Table 7.7 reveds evidence of the monopsony power of railroads. Asdiscussed in
connection in Section 7.2, the margina expense of supplying another unit of cod is
H(Q)+QHq. Subdtituting values from Table 7.7 and usng Q=305 MMST suggests that
thisvadue is $6.22, which exceeds margina cost (H(Q)=$5.09) by $1.13, or by about
22%. Fourth, railroad’ s monopoly power over utilities also can beillustrated using the
figuresin Table 7.7. Margind revenueis given by f(Q)+Qfo=$18.47-$5.24=$13.23,
when the utility demand function for Wyoming cod isevauated & Q=2.2 MMST. Fifth,
Table 7.7 shows that the current Wyoming severance tax rate on surface mined cod is
7%. The current severance tax rate on underground coa mined in Wyoming is lower,
however, surface mined coa accounts for virtudly al of the state’' s production. In
consequence, the distinction between surface and underground cod isignored in the
caculations below. Sixth, the tor/mile tax on railroads that goesinto effect in 2001 has
an effective rate per ton of $0.025 (see Chapter 6).

Table 7.8, then, shows the effect of reducing the Wyoming severance tax by 2-

percentage points from 7% to 5% of the value of cod produced. As shown, output of
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cod risesby 1.42 MMST (0.47%) and the mine-mouth price of cod falls by about $0.12
from Py=$5.48 to Py=$5.36. Also, the average delivered price of cod fals by about
$.02 from Pp=$18.47 to Pp=$18.45, adecline of about 0.12%. Thus, the freight rate per
ton of cod hauled dong a route of average length (Pr=Pp-Pw) rises by about 0.77% from
$18.47-$5.48=$12.99 to $18.45-$5.36=$13.09. Thus, effects of thistax change on
quantities of cod produced and relevant prices gppear to be quite small, especialy when
measured as percentage changes. The largest effect of this tax reduction would be on
cod severance tax collections. Using values from Table 7.7, these tax collections can be
approximated by Ty=tmPmQ=0.07x$5.48x305=$117 million before the tax cut and the
changein tax collections (in millions of $) due to the tax cut can be found by subgtituting
vaues from Table 7.8 into equation (7.20).
dTwm=PwQdtm+ tmPmdQ+ twQdPw=
-(0.02)(5.48)(305)+(0.07)(5.48)(1.42)-(0.07)(305)(0.12)= (7.20)
-$33.43+$2.56-$0.54=-$31.41
This equation shows that the change in cod severance tax revenue can be broken down
into three components. (1) the lossin tax revenue that arises due to the rate reduction
($33.43 million), (2) the gain in tax revenue because of the increased quantity of coa
produced ($2.56 million), and (3) the loss of tax revenue due to the decline in the mine-
mouth price ($0.54 million). Thus, in totd the state loses $31.41 million in cod
Severance tax revenue, a decline of about 26.9% in collections. Notice that the declinein
tax revenue due to reducing the rate at unchanged Py and Q is by far the largest
component of the caculaion and that thistax lossis not greetly offset by the effect of

increased production at unchanged Py and ty.



Table 7.9 shows the effect of imposing the tor/mile tax on railroads. As
discussed previoudy, the effective rate of tax per ton is $0.025 (see Chapter 6). Imposing
the tax at thisrate, and leaving the severance tax rate unchanged at 7% leadsto a 0.10%
reduction in quantity of coa produced, or about 300,000 tons. Also, the mine-mouth
price, its the delivered price, and the railroad freight rate are | eft virtually unchanged.

The very low rate of tax explains why these effects are so smdl. An gpproximetion to the
total tax revenue to be generated from this tax can be calculated by applying the effective
rate of tax per ton to the quantity of cod produced in 1998; i.e.,
Tr=trQ=$0.025x305=%7.63 million. (Note that this caculation is a bit too high because
some Wyoming cod is burned in mine-mouth, cod-fired eectric power plantsand a
small percentage is trucked out of sate)) However, because imposition of thistax will
cause (smal) reductionsin coa production and mine-mouth prices, severance tax
collections (in millions of dollars) will fal by

dTr=tmQUdPy+ tuPudQ= -(0.07)(305)(.001)-(0.07)(5.48)(0.30)= (7.21)
-0.0214-0.1151=-$0.136

S0, net of the decline in severance tax revenue, imposition of the ton-miletax on
railroads would produce an additiona $7.49 million in tax collections.
75  Conclusion

This chapter has developed atheoretical framework for evaluating the effects of
taxes faced by the Wyoming cod industry and implemented it using empiricd estimates
congtructed from three data sets, two of which were provided on a confidentid basisto
support thisresearch. The overdl conclusion reached in thisandysisis that Wyoming
cod production is rdaively insengtive to comparatively smal changesin taxes levied on

the cod industry or on railroad trangportation of cod. Tax collections, on the other hand,



can fal subgtantidly with reductionsin tax rates. As demongrated in the example of the
hypothetica coa severance tax rate reduction by 2-percentage points from 7% to 5%,
coal output was predicted to rise by only about 0.50%, whereas coal severance tax
collections were predicted to fal by about 27%. Also, a byproduct of the andyssyieds
caculations of the extent of monopsony power exerted by railroads over the Wyoming
mines and the extent of monopoly power railroads exert over the dectric utilities.

Further study of these issues may well be productive in that they lead to lower production
of cod in Wyoming than would be otherwise be the case if transportation of cod was

competitively provided.
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Table 7.1

Demand Data Description, Source, and Means

Stage | Probit
Means
Variable Description and Source PRB  Wyoming
DISTANCE Digtance between Gillette, Wyoming and dl Wyoming 760 764
cod buying power plants. In miles asthe"crow flies.
RDPRICEHAT Predicted Delivered Price in $1995. See Equations 33.94 36.31
(7.18) and (7.19).
RGASPR Weighted, average-annual, natura gas price paid by 3.015 3.015
plants that burn coa, 1983-98. In $1995/MMBTU using
the GDP deflator. Source: FERC Form 423, Annual.
GENER Net annua eectric power plant (coa) generation, 3.994 3.994
1983-98. Inhillions of Kwh. Source: Monthly Power
Plant Report, EIA/DOE, Annual Summaries.
D1990 Dummy varigble = 1 if year is 1990-98, 0 otherwise. 0.575 0.575
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Table 7.2
Stage | Random Effects Probit Models®

Marginal Effects
(t)

Variable PRB Wyoming
CONSTANT -0.396 0.102
(-0.86) (4.04)
RDPRICEHAT -0.015 -0.011
(-16.40) (-10.39)
RGASPR 0.012 0.006
(3.12) (2.65)
GENER 0.107 0.051
(8.36) (7.03)
D1990 0.027 0.017
(3.78) (3.95)
Summary Statistics
CHI-SQUARED (1 df) 3044.6 3252
PSUEDO R? 0.55 0.56
N 6238 6238
RHO 0.818 0.805

#Dependent variable is binary and equals one if a power plant purchased either PRB or Wyoming coal
in agiven year, zero otherwise. Unbalanced panelsfor 416 coal buying power plants.
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Table 7.3

Demand Data Description, Source, and Means
Stage Il Ordinary Demand

Means
Variable Description and Source PRB  Wyoming

RDPRICE Weighted, average-annud, ddivered price of Wyoming 24.14 27.98
Coal, 1983-98. In $1995/ST using the GDP deflator.
Source: FERC Form 423, Annual.

QUANTITY Annua Wyoming cod purchased by a power plant, 1.969 1.752
1983-98. InMMST. Source: FERC Form 423, Annual.

RGASPR Weighted, average-annual, natura gas price paid by 2.828 2.863
plants that burn Wyoming cod, 1983-98. In
$1995/MMBTU using the GDP deflator. Source:
FERC Form 423, Annual.

OTHERCOAL Weighted, average-annud, price of non-Wyoming codl. 1.596 1.615
In $1995/MMBTU using the GDP deflator. Source:
FERC Form 423, Annual

GENER Net annual eectric power plant (cod) generation, 4.07 4.05
1983-98. Inhillions of Kwh. Source: Monthly Power
Plant Report, EIA/DOE, Annual Summaries.

MILLS Inverse Mills Ratio. Heckman (1979) 1.447 1.456
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Table 7.4

Ordinary Demand, One-Way Fixed Effects Estimates’

Coefficient
(1)
Variable PRB Wyoming
RDPRICE -0.014 -0.012
(-2.19) (-2.95)
RGASPR 0.234 0.264
(312 (3.07)
OTHERCOAL -0.163 -0.347
(-0.45) (-0.83)
GENER 0.509 0.643
(2.70) (1.84)
MILLS 0.71 0.30
(4.34) (1.66)
Summary Statistics
R? 0.83 0.73
F TEST, PLANT EFFECTS (df) 32.7 (171,1186) 21.4 (178,1502)
F TEST, PLANT AND TIME EFFECTS (df) 1.1(15,1170) 1.1(15,1486)
HAUSMAN 36.8 457
N 1362 1685

a Dependent variableisthe natural 1og of quantity. Unbalanced panelswith 172 and 179 power plants,
respectively.
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Variable

Table7.5
Rail Cogt Data Description, Source, and Means

Description and Source

Means
PRB Wyoming

RAILCOST

QUANTITY

CAROWN

RAILMILES

Sampled annud (cod) rail variable-cogt, railhead to
railhead, 1988-98. In millions of $1995 using the GDP
deflator. Computed by the Surface Transportation
Board using the Uniform Railroad Costing System.
Source: Carload Waybill Sample, Surface
Transportation Board, 1988-98.

Sampled (annud) Wyoming cod ddlivered to a power
plant, 1988-98. In MMST. Source: Carload Wayhill
Sample, Surface Transportation Board

If rail cars are privately owned = 1, O if owned by the
Railroad. Source: Carload Waybill Sample, Surface
Transportation Board.

Rail miles between origin Wyoming railhead and

destination power plant railhead. Source: Carload
Waybill Sample, Surface Transportation Board.
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8.246 6.788

0.950 0.783

0.84 0.78

978 940



Table 7.6

Rail Cogt, Two-Way Fixed Effects Edimates’

Coefficient
()

Variable PRB Wyoming
CONSTANT -0.399 -0.806

(-4.54) (-10.77)
QUANTITY .08 1.22

(21.64) (27.74)
CAROWN 0.497 0.481

(5.53) (5.83)

Summary Statistics
R? 0.89 0.87
F TEST, RAILHEAD PAIR EFFECTS (df) 0.7 (206,852) 8.6 (243,1077)
F TEST, RAILHEAD AND TIME EFFECTS (df) 49(10,841) 6.4 (10,1066)
HAUSMAN 29.2 15.7
N 1060 1322

a Dependent variable isthe natural log of thereal rail variable-cost.
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Table 7.7

Wyoming Model, Component Estimates, 1998 Data

Component 1998 Estimates

Pp=f 18.47
fo 1238
foo 1.08
Co 9.12
Coo 10.032
H 5.09
Ho 0.00372
Hoo 0.00008
tm 0.07
Pwm 5.48

D -12.64
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Table 7.8

Wyoming Modd, Effects of the Severance Tax Reduction

Effect

1998 Estimates

DinProduction MMST (%)

DinMinePrice $ (%)

Din Délivered Price $ (%)

Din Freight Rate $ (%)

Din Severance Tax Rev. $M (%)
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1.42 (0.47 %)

$-0.12 (-2.15 %)

$-0.02 (-0.12 %)

$0.10 (0.77 %)

$-31.4 (-26.9 %)



Table 7.9

Wyoming Modd, Effects of Levying aTor/Mile Tax

Effect

1998 Estimates

DinProduction MMST (%)

DinMinePrice $ (%)

Din Délivered Price $ (%)

Din Freight Rate $ (%)

Din Severance Tax Rev. $M (%)

Din Tor/Mile Tax Rev. $M (%)
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-0.302 (0.10 %)

$0.0 (0.0 %)

$0.01 (0.03 %)

$0.0 (0.03 %)

$-0.14 (-0.12 %)

$7.6 (100%)



CHAPTER 8

MODELING PHASE | WYOMING COAL DEMAND

8.1 I ntroduction

The acid rain program created by Title IV of the Clean Air Act Amendments
(CAAA) of 1990 introduces a sulfur dioxide (SO2) emissons permit market for the
electric utility sector. In Phase | (1995-99), EPA began controlling aggregate annua
emissions from the 263 dirtiest large generating unitsin the US by issuing a fixed number
of SO2 emissions permits. For every ton of SO2 it emits annually, a plant must surrender
an emissons permit to the EPA. Each plant is provided an annua endowment of permits,
at no charge, based on 2.5 pounds of SO2 per MMBTU' s burned during a base period in
the 1980's. Over time, the number of permitsissued by the EPA will decline
(Schmaenseg, et d., 1998). In Phase |1 (2000 and beyond), virtudly al existing and new
foss|-fueled dectric generating units in the US become subject to smilar, but tighter,

SO2 regulation. In Phase 1, plantswill be issued smaller annua permit endowments,
based on 1.2 pounds of SO2/MMBTU (EIA, 1997).

The 1990 CAAA presents both opportunity and chalenge for the Wyoming coa
industry. Asthe overdl emissions of SO2 are progressively restricted, Wyoming low
sulfur cod islikely to be favored. However, increasing use of Wyoming cod is not
certain for three reasons. First, compared to prior SO2 regulation, CAAA 1990 provides
utilities with additiond options in responding to SO2 emissions regulation, most notably
switching to lower sulfur cod from other regions, ingaling fuel gas desulfurization

(FGD) equipment, and redlocating SO2 emissons over time. Depending on the relative



costs of these options, plants may or may not decide to purchase more Wyoming cod in
any given year. Second, besides Wyoming there are other important sources of low
sulfur cod, including Colorado, Utah, and the central Appaachian region (EIA 1997).
For many plants, especialy those distant from Wyoming, these other cods may have a
price advantage. Ellerman, et d. (1997) note that more SO2 emissions reductions by
Phase | plants have resulted from the use of lower sulfur cod from other regions than
from the use of PRB cod. Third, even if Wyoming coa can be delivered to aplant & a
lower price than low sulfur cod from other regions, the plant may encounter substantial
codsin retrofitting their boilers and coa processing facilities to accommodate the use of
Wyoming cod (EIA 1997; Ellerman, et d., 1997).

The purpose of this chapter isto implement an empirica modd of cost
minmizing Phase | plants purchasing Wyoming cod. We focus on plants' choices about
SO2 emissions, permit trading, and permit savings as well asther fud choices. At the
end of the chapter, the empirical results are used to predict changes in Wyoming cod
production induced by 1990 CAAA.

8.2  Phasel Choices

Holding power generation constant, there are three basic ways to comply with
SO2 regulations. (1) The plant may engage in fue switching by purchasing cod lower in
sulfur, blending high and low sulfur cod, or cofiring with naturd gas. (2) The plant may
obtain additional permits from other plants owned by the same utility, or purchase
permits on the open market or at EPA auctions. (3) The plant may ingtdl FGD
equipment, or retrofit existing FGD equipment. Other, less important, options include

refiring boilers, retiring boilers, or using previoudy implemented controls (EIA 1997). A

221



recent survey of utilities found that 41 percent of utilities use fud switching, or plan to do
S0, while 28 percent purchase, or plan to purchase, additiond alowances. The remainder
will choose other options or combinations of options. Ellerman, et d. (1997) estimate
that 55 percent of the emissions reductions of Phase | plants resulted from fuel switching,
while 45 percent came from the use of new or retrofitted FGD equipment. The choices
made by utilities are based largely on cost. For example, the annualized cogts per ton of
S0O2 abated averages $113 for fuel switching compared to $225-$322 for ingtaling FGD
equipment (EIA 1997; Ellerman, et d., 1997)

Since implementation of Phase |, three salient features have emerged. Firdt, the
price of permits and the volume of permit trading are lower than expected. Before 1990,
anaydts predicted permit prices between $1500 and $3000, but the actua prices are much
lower. In 1993 prices were about $170, faling to $130 in 1995, faling further to $65in
1996, increasing to $105 to in 1997, and currently at about $130 (EPA Acid Rain). The
volume of permit trading was initidly very low, but has progressively increased
(Schmalenseg, et ., 1998). Ellerman, et d. (1997) argue that low permit prices are
partly due to excessve FGD equipment installed when permit prices were expected to be
much higher than realized prices.

Second, the saving or banking SO2 permits for later use in Phase Il has emerged
as an important phenomenon. Each permit carries avintage year. A permit with agiven
vintage year (say 1995) can be used to compensate the EPA for emissionsin that year or
inany later year (say 1996, 1997, ...). Permit savings alow a plant to defer more
expensive SO2 reductions for later years. Ellerman, et d. (1997) find that 3.4 million of

the 8.7 million permits alocated in 1995 were saved. It is estimated that, by 2000,



utilitieswill save up to 15 million permits for use a alater time (EIA 1997). The most
plausible explanaions for high levels of savings are high transactions cogsin learning
about the market for permits, uncertainty about market fundamentalsin Phase Il, and
lower than expected abatement costs due to decreasing low sulfur coa prices and
trangportation rates (EIA 1997 and Schmalensee, et d., 1998).

Third, concern has surfaced that CAAA 1990 implementation will be adversely
affected by regulatory policies a the sate level. Indianaand Illinois have passed laws
requiring plants within the states to use in-tate cod, rather than fue switch. But the
courts overturned these laws (EIA 1997). Moreover, asymmetric regulatory treatment of
the costs and revenues from permit trading compared to the costs of other inputs may
induce digtortionsin plants input choices or emissonslevels. Smulation studies have
suggested that these distortions may be substantia (Fullerton, et a., 1997 and Winebrake,
1995), but Ellerman, et a. (1997) discount their importance. We are not aware of any
empirical studies of the regulatory effects on Phase | plants choices.

8.3  Phasel Wyoming Coal Purchasers

Among Wyoming cod purchasers, 39 plants have come under Phase | of 1990
CAAA. Asshownin Table 6.5, these plants are dl located in Midwest, except Jm
Bridger. These Phase | plants have a combined capacity of 39,615 MW, about 33 percent
of the capacity of dl current Wyoming coa customers, and purchase about 23 percent of
al Wyoming cod. Phase | regulation gppliesto individua generating units, while plants
often contain multiple generating units. Consequently, only afraction of the totd
cagpacity of agiven plant (averaging 70 percent in our sample) may be subject to Phase |

regulation, although al capacity will be subject to Phase I regulation.
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Some indication of the changes brought about by Phase | can be seenin Tables
8.1 and 8.2, which give descriptive statistics for Phase | plants before and after 1995.
Since the beginning of Phase |, the average ddlivered price of Wyoming cod hasfalen
dightly, while Wyoming cod purchases have increased by 15 percent. Concurrently,
Wyoming cod’ s share of tota expenditures on fuel and |abor increased on average from
4110 .52, while the share of other fuel decreased from .43 to .32. This suggests that
Phase | plants use fuel switching to Wyoming cod for Phase | compliance. However,
over the same time period, smilarly located non-Phase | plants have dso increased their
purchases of Wyoming cod, but at alower rate.

The permit trading and savings decisons of Phase | plants are summarized in
Table 8.3. In each year, Phase | plants purchasing Wyoming coa have been, on average,
net sellers of SO2 permits. After increasing from 7371 in 1995 to 8506 in 1996, average
sdesfdl to 6305in 1997. Totd lagged savings, or permit savings from prior years, has
increased from 0 in 1995 to 695,000 tonsin 1997, while annua savings increased from
an average of 9000 per plant in 1995 to nearly 24,000 in 1997. Clearly, permit savings
are an important part of Phase | plants compliance strategies.
84  Model Specification and Data

For each year and for each ton of SO2 emitted, Phase | plants must pay the EPA
one permit. The annua permit requirement may be met by purchasing permits on the
open market or at EPA auction at price Pg, or from an annua endowment of permits, W,
or from banked permits from previous years, S;. In addition, denote the number of

permits not used in the current year and saved for usein later yearsas S. Permitsthat are
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paid to the EPA or saved could have been sold on the market, dso at price Pg, so that the
total cost of emissonsisgiven by

RY=R[E- W+S,- 9]. 8.1)
where Y is quantity traded and E is amount of SO2 emitted. Notethat W+ S;+ Y-E=
S Burning Wyoming coa and other fuels (except gas) produces SO2, and the quantity of
SO2 emitted depends on the fuels used and their sulfur content. So SO2 emissons are
given by

E = E(Xwe, Xor, we, For), (8.2
where E(Xwc, Xor, M, I or ) isthe emission function, and rwe and r o are the sulfur
contents of Wyoming cod and the other fud, respectively. Thus, the cost of emissonis

PeY = Pe [E(Xwc, Xor, Fwe, For ) — G, 83
where G = W+ S; - Sisthe number of permits that can be used net of the amount traded.
Pe [E(}— G] isthe plants total cost of emissions induding the revenue thet it forgoes
when it produces aton of SO2 rather than sdling a permit.

The plant’s problem is then to minimize the sum of itsinput and emissons codts,

while meeting its fixed output congraints and the condraint thet it has al of the permitsit

requires. Formaly, the plant’s constrained cost minimization problem is

Min L = Ryc Xy +For Xor + Paw X + PelE(Xwe) Xop s Fwes For) - Gl (8.4)

- 1 1(Q(Xwes Xor s Xyws M) - Q*)‘ I,W+S,- S- G*):

Q and G’ aregiven amountsof G and Q, and & and & are Lagrangian multipliers

Solving the first order conditions for (8.4) yidds the optima quantitiesof X; (i=WC, OF,
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and NW) and E asfunctions of Puc, Por , P, rwe, For, Q , G, M. In(8.4), we assume
that S.1 and Sare given, so the plant’ s problem does not span multiple time periods.
Subgtituting the optimd X; and E into the relevant part of the cost function, PucXwc +

PorXor + PawXnw+ Pe E(Xwe, Xor, Fwe, T or ), gives the minimum cogt function
C = C (Puc, Por .Paw, Pe, rwe, For . M, @, G7) (85)

To estimate equation (8.5), we specify the trandog cost function as aflexible

goproximation. The trandog cost function is

InC=a,+at+3a InR+hg anr +a,nM,+a_InM_ +a,InG+a,InQ

+8,8,8NRINP +§a,NQ+§ acInG
1 ) 1 )
+ =B (NQ)" + bge INQING +—b, (N G)” + bt 8.6)

where M; isthe fixed capacity of the non-Phasel units of the plant, Mg is the capacity of

unitsin Phase I*, Qisthe annua outpt, r  is emission charge rate (k = WC, OF), P; and

P, represents prices (i, = WC, OF, NW, E) and t isatime trend to capture annua changes

of optimizing behavior (t = 95, 96, 97). We include only first order termsfor capacities,

t, and fix to avoid estimation problems caused by alarge number of explanatory variables.
To increase the efficiency of the estimates, we also estimate the equiations for

each input’ s expenditure share to the total cost. These share equations are given by

M, =a +g a,InP +a,InQ+a,InG, (8.7)

wherei,j = WC, OF, NWand E.
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The cogt isafunction of the givenamount of G=W+ S; - S For agiven year,
the endowment, W, and previous savings, S1, are predetermined. However, the current
period' s saving, S, islikely to aso be chosen by each utility as part of an intertemporad
srategy to comply with Phase | and an uncertain Phase |l. Therefore, G may bean
endogenous variable. To mitigate potential endogeneity biases, we estimate a savings
equation smultaneoudy with (8.6) and (8.7). The savings equation is Specified as

S=h, +h, (P - dP.,,) +h, perfgd +h, M +h,.M_ +ht+3 h D, (8.8)

where dis the discount factor, Pe+1 is expected permit price in the next period, and perfgd
is the percentage of SO2 removed by the plants FGD equipment (=0 if FGD is not
ingdled). We include the price difference between two periods, Pg - dPe.1, asan
explanatory varigble for savings. If the alowance market is perfectly competitive with
no transaction costs in the permit market, and the plant is not subject to profit regulation,
the first order condition from inter-tempora dynamic optimization is
- Pet + CEPEts1. (8.9)

Thereisno interior solution for savings only according to thisfirst order condition,
which impliesthat if permits are more vauable later than they are today, the firm will
only save parmits. In equilibrium, the plant is only willing to bank permitsif the permit
price rises with the rate of interest®. However, high transactions costs, regulatory
digtortions, and future uncertainty may invaideate this condition and enable each plant to
obtain the optimal savings as an interior solution. In our estimation, we assume perfect
foresight and use actud permit price in a subsequent year as next period’ s expected

permit price.
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We dso include M; and Mg in the saving equation. If some portion of savings can be
capitalized and used directly for emissions abatement, capacity levels may influence
savings. Weinclude a st of sate dummy variables, SDy,, to capture state-specific
differences’ in regulation, m= GA, IA, IL, IN, KS, KY, MI, MN, MO, OH, WI, WY.
The reference stateisMN. Findly, we aso capture tempord effects with the time
variable, t.

8.5  Estimation Results and Discussion

We smultaneoudy estimate equations (8.6), (8.7), and (8.8) after imposing the
regtrictions for linear homogeneity of the cost function in prices and dropping one share
equation (see Berndt, 1991, for details). Our sample of Phase | Wyoming cod customers
contains annua 83 observations from the years 1995-97. We used the average U.S. bond
for each year as proxy for the discount rate. Data on emissons, permit endowments,
savings, and regulated capacity are from EPA Acid Rain.

The parameter estimates are provided in Table 8.4 and 8.5. The modd fitsthe
data quite well, with a pseudo R? =0.85121*. Vaues of R for theindividud equations
are dso quite high, ranging from .81 for the cost equation, 0.58 for the emissions share,
and 0.21 for the labor share. The estimation results show that the cost function is
monotonic, as theory requires, as each share is positive when evaduated at sample mean.
The permit price difference has a negative impact on savings as theory suggests, but,
again the effect is not stidticaly sgnificart.

We conduct atest of the null hypothesisthat coefficients of sates dummiesare
not dl jointly different from zero using alikelihood ratio test. Thetest datidticis55.11,

compared to the critical + 24=11=19.68, leading us to reject the null hypothesis (4.< .01)
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that state regulation of the revenues and costs of permit trading does not influence
savings behavior and emission levels. This suggests the existence of asymmetric
transaction cogts across states and/or market distortions in the permit market caused by
different regulatory treatments has influenced Phase | plant’s savings decisons. The
evidence is strongest for Illinois, with a positive and Satistically Sgnificant coefficient.
The parameter estimates can be used to estimate changesin Wyoming cod
purchases in response to changes in SO2 permit prices, changes in annua permit
endowments, and in Wyoming cod prices. The demand for Wyoming cod isafunction
not only of prices, including Pg, but aso G, while G aso dependson S. Therefore, the

cross price dadticity of Xwc and Pg can be expressed as the composite term as

dch « PE — 1wac % PE + ﬂXWC xExE xP_E

E = =
YPETTIR Xe TP, Xue TG TS TP X,o

= Zuce TMuctle g, x-hy) <P 6.10)
wcC

From equation (8.7) Mwc = PwcXwce/C and taking logs gives InXyc = InMwc + INPyc -

InC. Then dadticity of Xwcand G isthus

EWCG:'nIn Xwe _ TINMy,c . JinC
M1inG MIinG M1inG

(8.11)

If we substitute (8.11) into (8.10), we obtain the cross price eadticity Ewcpe. We dso
egtimate the own price dadticity of demand for Wyoming cod. Table 8.6 gvesthe
eladticity estimates when evauated at the sample mean. The estimate of Ewcpe =.062 is

positive and datidticaly different from zero. This suggeststhat, if permit prices continue



their recent increases, the quantity of Wyoming coa purchased by these plants will dso
increase. However, the effect will be smal unless permit prices increase dramaticaly.
The estimate of Ewcg =.033 isas0 postive, but is not satisticaly different from zero.
This result suggests that the decrease in annua endowments commencing with Phase 11
will not have a subgtantive effect of Wyoming cod purchases unless permit prices dso
change. The estimated own price eadticity of demand for Wyoming cod is

-.960.

8.6  Predicting Changes from SO2 Regulations

Beginning with Phase [1 thisyear, virtudly dl steam eectric power plantsin the
U.S. will be subject to the SO2 regulations of the 1990 CAAA. Wyoming isthe
predominant supplier of low sulfur cod in the U.S. and fuel switching to PRB cod has
proven to be a popular method used by Phase | plants. It seemslikely that Wyoming codl
output will be positively affected by Phase 1.

It istempting to predict the effects of Phase [l on Wyoming cod output by smply
extrgpolating from the behavior of Phase | plants. Phase | plantsin 1997 purchased about
15 percent more cod, on average, than they did in 1994. A simple approach would be to
predict asmilar increase for the new plants entering Phase 11. Such a prediction would
probably be mideading for saverd reasons. Firdt, nearly dl Wyoming cod customers
increased Wyoming coal purchases between 1994 and 1997, by 9 percent on average. So
not al of the 15 percent increase in demand should be attributed to SO2 regulation.
Second, some of theincreasein Phase | plants Wyoming coa purchases can be
attributed to lower Wyoming cod prices and trangportation rates and expiring or

renegotiated contracts between Phase | plants and Midwestern coa suppliers (Ellerman,
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et d., 1997). Given the differencesin the demand increases between dl plants and Phase
| plants, a conservative estimate is that SO2 regulation has accounted for a 3-6 percent
increase in Wyoming cod demand for Phase | plants.

Third, many plants new to SO2 regulation under Phase 11 differ subgtantialy from
Phase | plants. Phase | plants were the most polluting plantsin the country, are located in
primarily in the Midwest, and are among the most aged. Phase |l plants are more
heterogeneous. Some were built quite recently and a higher proportion arefitted with
FGD equipment. Most importantly, a much higher proportion of Phase |l plants are
located outside the Midwest and burn natura gas, containing little or no sulfur, as an
dternative fud. Phase Il statuswill not induce fuel switching to Wyoming cod for gas-
using plants; the opposite effect ismore likely. Fourth, the location of Phase | plants
gave Wyoming cod an advantage that may not be repeated for Phase I1. Wyoming coa
has traditionaly competed in states such as Nebraska, Minnesota, 1llinois, and Missouri.
Higher transportation costs make it less likdly that it can compete smilarly in other, more
digant, sates. Fifth, Phase Il will differ from Phase | in thet theinitid alocation of
permits, based on prior fud usage, will be decreased by about one half. The results
presented here suggest that this exogenous decline in initid permit dlocationswill have a
negetive effect on Wyoming cod purchases, but the estimate is not Satisticaly different
from zero.

Fndly, acritica determinant of the effect of Phase Il is the price of SO2 permits.
As discussed, permit prices are much lower than analysts predicted, but have increased
somewhat in recent years. Currently, permits prices are about $130 per ton of SO2, but

it isunlikely that these are long run equilibrium prices.
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Ellerman, et d. (1997) provide convincing evidence that the long run price of
permitswill equa the incrementa cost of removing aton of SO2 with FGD equipment.
Current engineering estimates suggest that these costs are $225- 250 per ton of SO2, or
nearly a one hundred percent increase over current permit prices. The estimated the
eladticity of Wyoming coa purchases with respect to changesin permit prices, Ewcpe
=.062 (standard deviation=.024) .

Using this estimate of Ewcpe and assuming that the permit prices increase 100
percent in the long run, the predicted effect on Wyoming cod production isa 6.2 percent
increase in output, ceterius paribus, for Phase | plants. Extending this predictionto al
Phase Il plants currently purchasing Wyoming cod requires that we take into account
natura gas as an dternative fuel, where increases in permit prices can be expected to
have anegative or zero effect on the demand for Wyoming cod. Assuming the laiter for
the gpproximately one third of Wyoming cod tonnage that currently competes directly
with naturd gas, implies that a doubling of permit prices will increase the demand for
Wyoming cod by 4.09 percent (6.2* .66).

Combining this edimate with the 3-6 percent increase in Wyoming coa purchases
attributable to Phase | status, and assuming the permit prices do move to the predicted

levels, Phase |1 will result ina 7 to 10 percent increase in Wyoming coa production.
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ENDNOTES

1 If the plants have both unitsin table 1 and not in table 1, the cost minimization problem
becomes

L =Ry Xye + Xuee) + Por Xor + Xore) + Paw K * X ane) + PelEXyees Xores Fwes Fop) - Gl
- 1 Qe Kucr Xorrr X i M1) + Qe (Xye Xore: X g iMe) - Q) - 1 ,W +S, - S- G),
where Qne(® and Qe(® are production functions of nonttablel units and tablel units,
respectively, Xie is quantity of input i in production function Qg(%, and Mg isthe fixed
cagpacity of production function Qg(¥. Here, Xie issolved as function of Pyc, Por, P,
rwe roe, G , My, and M. Therefore, the cost is an explicit function of M.

2 See M. Cronshaw and J. Kruse (1996).

3 For example, pendlties on low-sulfur fud purchases appear in lllinais, Indiana,
Kentucky, Ohio, and Pennsylvania. Policiesin New Y ork sought to limit in State
purchases, but aso sdesto upwind areas (D. Fullerton, S. McDermott, and J. Caulkins
1997)

4 gystem R = 1- ( LR/LU), where LR and LU are restricted and unrestricted log of
likelihood ; regtriction is dl coefficientsin each equation in the system of equetion are

Zexo0.

233



Table 8.1

Descriptive Statigtics for Phase | Plants (1993-1994)

VARIABLE MEAN STANDARD
NAME DEVIATION
Paw 673.635 77.18424
Pwe 1.07020 0.23333

Por 1.92910 1.07837
Myw” 0.15878 0.073082
Mwc 0.41036 0.31668
Mo 0.43085 0.32098
Xwe 2.86955* 10’ 3.71083* 10’
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Table 8.2

Descriptive Statigtics for Phase | Plants (1995-1997)

VARIABLE MEAN STANDARD
NAME DEVIATION
Paw 695.961 81.30621
Pwc 1.00001 0.20930
Por 1.94953 1.06294
Maw” 0.14876 0.087615
Mwc? 0.52521 0.31691
Mo 0.32603 0.31257
Xwe 3.31269* 10’ 3.77660* 10’
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Table 8.3

Annud Changesin Savings and Trading

Total 1995 1996 1997
MEAN(SUM) MEAN (SUM)  MEAN (SUM) MEAN (SUM)  MEAN (SUM)
LAGGED SAVING 12041 (999416) 0 (0) 10493 (304319) 21063 (695097)

ENDOWMENT 30484 (3277241) 42325(888843) 34224 (992500) 42299 (1395898)

SAVING 17485 (1451255) 8956 (188096) 16669 (483416) 23628 (779743)
TRADING -7344 (-609563) -7371 (-154792) -8506 (-246689) -6305 (-208082)
NUMBER OF

OBSERVATIONS 88 23 31 34
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Table 8.4

Parameter Estimates of the Cost Function

Standard
Parameter Estimates Error t-statistic
Constant 17.6945 0.2620  67.5414
INPuc 05499  0.0670  8.2049
INPor 02590 0.0827 3.1321
INPrw 0.1074  0.0276  3.8924
InPg 0.0837 00382  2.1904
InM; 0.0506  0.0723  0.6997
InMg 0.0062  0.1379  0.0453
In g -0.1945 0.2284  -0.8516
In gbr 00135 0.0115 1.1663
InG 0.0708  0.1445  0.4899
InQ 09858  0.2406  4.0973
t 01112  0.0680  1.6347
(INPyc)? -0.3448  0.1135  -3.0392
INPwc INPor 0.3448 01135 -3.0392
INPuc INPw -0.1037  0.0524  -1.9787
InPuc InPe -0.0092  0.0463  -0.1995
InPwcInG -0.0189  0.0383  -0.4951
INPucInQ 0.0489  0.0669  0.7317
(InPor ) -0.2655  0.1294  -2.0519
INPor INPaw -0.3345  0.0274  -1.2227
InPor INPg -0.0459  0.0493  -0.9301
InPor ING -0.0109 0.0534  -0.2048
InPor INQ 0.0485  0.0742  0.6537
(InPrw ) 0.1415 00559 25296
InPrwINPe -0.0045 0.0300 -0.1502
InPrwInPe -0.0045 0.0300 -0.1499
InPaw NG -0.0121  0.0185 -0.6556
INPawINQ -0.0375  0.0247 -1.5199
(InPg)? 0.0596 00612  0.9746
InPe InG 0.0420 00224  1.8734
InPe InQ -0.0599  0.0260 -2.3088
(InQ)? 02541 02347  1.0831
INQING -0.1212 01496  -0.8107
(InG)> -0.0176  0.1242  -0.1418
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Table 8.5

Parameter Edtimates of Savings

Parameter Estimates Standard Error t-statistics
Constant -7875.85 20529.3 -0.383639

Pe - dPes1 -55.6739 138.439 -0.402154
Pergd 6957.82 .183775E+07 0.378605E-02
M1 -2906.95 19902.3 -0.146061

Mg 18434.0 15797.0 1.16693

t 2663.58 5022.11 0.530370
D 51407.8 17722.7 2.90067

Dy 18657.7 18187.6 1.02585

Dks -3734.00 21636.4 -0.172580
Dy 10207.4 79201.2 0.128880
D -20304.0 20527.3 -0.989121
Dea 55231.1 .118888E+09 0.464565E-03
Do 1200.44 16125.7 0.074443
Don -6996.25 21474.7 -0.325790
D 6457.72 25138.2 0.256889
Dia 8212.52 39548.5 0.207657
Dwy -8445.96 .121739E+07 -0.693773E-02
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Table 8.6

Edimates of Eladticities

Parameter Estimate Standard Error t-statistic P-value
Ewcee 0.062 0.024 2.57 [.000]
Ewce 0.03298 0.144 0.24 [.819]
Eopwc -0.961 0.226 -4.25 [.000Q]
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CHAPTER9
EFFECTSOF TAX CHANGESAND TAX INCENTIVES
ON INCOME AND EMPLOYMENT

This chapter presents estimates of the impact of sate tax changes and tax
incentives on income, employment, and population in Wyoming. These estimates are
computed using information on the changesin ail, natura gas, and cod production that
were computed in Chapters 4 and 7 together with amodel provided by Regional
Economic Modds, Inc. (REMI). Thismode is quite detalled and tracks activity in 172
economic sectors of the Wyoming economy. This chapter begins by giving an overview
of the moddl and concludes by comparing the extent to which various taxes and tax
incentives trand ate into jobs and incomes for Wyoming resdents. These results
represent the total economic contribution of the incentive in thet they areindusive of dl
multiplier effects.

The REMI model is one of severd competitor models that can be used to
edlimate the economic contribution of tax and tax incentive changesin Wyoming's
energy industries. Thismodel was sdlected for use in the present study for the following
reasons. Firg, its overal gpproach to forecasting and smulation has been extensvely
reviewed in the regiona economics literature. For example, the editor of the
International Regional Science Review referred to the modd as an extraordinary success
in the higory of economic modding. This comment was made in the introduction to a
specid issue of the Review (1992) devoted to evauating performance of dternative
economic forecasting models. Also, in a$200,000 study commissioned by the State of

Cdifornia, researchers a the Massachusetts Ingtitute of Technology concluded that the
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methodology employed by the REMI mode is theoreticaly sound and flexible enough
for gpplication in aternative modeling settings. The modd has been gpplied by alarge
number of users under diverse conditions and has been proven to perform acceptably.
Moreover, the mode has benefited from a number of technica improvements madein
recent years.

Second, contracting for use of an exigting and tested modd is more cost-€effective
than developing a new forecasting mode from scratch or adapting a modd that was built
for another purpose. Third, unlike many competitor models, the model applied hereis
specificdly cdibrated usng Wyoming deta. In other words, this mode is not merely an
adaptation of anational mode or amodd that has been developed for another region of
the U.S. Rather, it has been customized for use in Wyoming and is based on the most
recent measurements of characteristics of this state' s economy aswell as its history.
Fourth, the Wyoming Business Council leased both the 53-sector and 172-sector versions
of the REMI mode for a one-year period, beginning in January 2000. The 172-sector
verson of the modd is more appropriate to use with oil, gas, and cod applications, and
as a consequence was sdlected for usein this project. Terms of the lease permitted use of
the mode for this project aswell asfor a number of other purposes. Thus, the mode
could be used for this project at no cost over and above that dready incurred for the lease.

The REMI model contains alarge number of equations, however, it can be
adequately described using the diagram in Figure 9.1. The model is designed to use
information on vaue of oil, gas, and coa production and oil and gas drilling expenditures
asinput data. Also, the modd alows each type of activity to have a different pattern of

expenditures; in consegquence, much of the detailed informetion that was obtained in the
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analysesin Chapters4 and 7 is preserved. The upper left block of Figure 9.1 shows that
data about Wyoming changesin production and drilling are fed into a 172-sector input-
output model of Wyoming aong with variables measuring nationd and internationd
economic conditions. Thisinput-output model caculates the value of output for al
sectors, which can be summed to obtain an estimate of gross sate product. The leve of
output in each sector then istrandated into estimates of labor demand. Labor demands
by sector then are compared to estimates of labor supply based on dataconcerning the
sze of Wyoming's population. Labor supply and demand, then, are bdanced and in the
process population is adjusted through in/out migration. Findly, the mode produces
estimates of wages, incomes, and employment by sector and uses these to caculate loca
consumption expenditures made by Wyoming residents.

The modd is particularly useful in esimating the incrementa contribution of
changes in Sate taxes and tax incentives to the Wyoming economy. First, the modd is
used to make a control forecast showing how the Wyoming economy has operated in the
recent past, and is likely to operate in the future, assuming that no mgor structura
changesin the economy occur; i.e. the economy operates with business as usud.

Second, the modd can be gpplied to show what the Wyoming economy would be like if
vaue of production and drilling expenditures by the ail, gas, and cod industries change
because of the change in taxes or costs.

Table 9.1 presents asummary of control estimates for the State of Wyoming using
the REMI modd. The control estimates show the behavior of the Wyoming economy as
it presently exisiswith no changesin the all, gas, or cod indudtries. 1997 isthe latest

year for which complete data are available so actual vaues are presented for that year
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aong with smulated vaues from the modd. Forecasts from the model for 1998 and
beyond are presented for total employment, real disposable persona income (in $1997),
and population for sdected years. Employment figures used include full, part-time, and
seasona jobs. The REMI modd incorporates the actual 1997 State data and then creates
acontrol forecast for the following years. Overdl, the comparison of estimates to actud
vaues for 1997 suggests that the REMI mode accurately tracks the Wyoming economy
and provides aussful garting point for computing the contribution of the three energy
industries to the Wyoming economy. Also, the model suggests that this State's

economy will exhibit modest growth in gross state product, employment, and persona
income through the early years of the new millenium. Mot observers of Wyoming's
economy probably would not find this conclusion unreasonable. As shownin Table 9.1,
Wyoming's population is predicted to decline each year reaching 427,000 persons by the
year 2035. Thisforecadt is quite pessmistic and suggests that WWyoming will continue

to lose population to other states offering relatively better economic opportunities.

current economic woes may well continue.

Table 9.2 presents estimates of the contribution of various tax changes and tax
incentives that were andyzed in Chapters4 and 7. These are: (1) a permanent 2
percentage-point reduction in the severance tax on ail, (2) ahypothetical 5 percent
incentive for drilling, (3) a permanent severance tax reduction of 4 percentage- points on
all new well production of oil and naturd gas, (4) a permanent severance tax reduction of
4 percentage- points on incrementa production resulting from qualified workovers and
recompletions, (5) a permanent severance tax reduction of 2 percentage-pointson

incrementa production from qudified tertiary projects, (6) a 2 percentage- point reduction
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in the severance tax on cod, and (7) the imposition of aton-miletax on rail trangportation
of cod. More information about these tax changes and tax incentives may be found
elsawhere in the text of this report, in Appendix A, and in the Wyoming Statutes.
Whereas a 60-year time horizon was used in the oil and gas smulation model developed
in Chapter 4, the REMI modd is cagpable of amulating only for a period of 35 years, so
smulationsfor oil and gastax changes are presented for the period 2000-2035. In
particular, the smulations account for the time path of additiona oil and gas production
and drilling activity that arises due to the incentives consdered. Incrementd oil and gas
production was vaued a $19.22 per BOE to maintain consgtency with the Smuldionsin
Chapter 4. Additional smulations with dternative assumptions regarding the expected
path of future energy prices (risng and/or faling over time) yidld Smilar results to those
shown and are omitted from the present discusson. Drilling expenditures were computed
by multiplying the estimates of wells drilled by Wyoming values for cost per foot drilled
and average depth per well reported in Table 5.3. An example of the 35-year forecast of
production value and drilling expenditures that are used asinput data for the 2
percentage-point severance tax reduction on oil case (1) are presented in Table 9.3.
Regarding cod, recal that the cod mode presented in Chapter 7 is not dynamic;
it provides only comparative static changesin output and price changes a apoint in time
ingtead of an estimate of the future time path for these variables. In consequence, the
production change figures obtained in Chapter 7 for the 2- percentage point severance tax
reduction and the impodtion of ator/mile tax on railroads were assumed to occur in each

of the next five years. In any case, the REMI smulations for policy changes pertaining to
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the cod industry were run with afive-year horizon, rather than the 35-year horizon used
for oil and gas.

Resulting estimates of economic contribution, then, are interpreted as the total
impact of the incentives on the Wyoming economy based on consdering the incentives
oneat atime. Thisinterpretation has two implications. Firs, it means that each tax
change and tax incentive is consdered independently, asif the others do not exist. Of
course additional smulations could be performed that would examine effects of applying
two or more incentives Smultaneoudly. This strategy, however, was not pursued because
agood gpproximation to the economic changes arisng from a combination of tax features
can be obtained by summing ther individud effects.

Second, it means that estimates of economic contribution presented are inclusive
of multiplier effects. In this context, amultiplier isanumber that accounts for the fact
that dollars received by the energy indudtries are at least partidly re-spent in the state. As
this re-spending process continues, total incomes, the number of jobs, gross state product,
and Sze of population continueto rise. A multiplier, therefore, represents the magnitude
of increase in these variables for every dollar of income or job created. The multiplier is
larger for persona income than for employment because personad incomeis more
sengitive to economic shocks, such astax changes than is employment. In the face of
changes in business climate, employers often are reluctant to lay off workersin bad times
and/or make commitments to additiona workers if conditions suddenly improve.

Table 9.2 indicates that economic effects felt throughout the state in response to
al incentives and tax changes considered are relatively modest. For example, regarding a

permanent 2- percentage point severance tax cut on oil production, tota employment in
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2000 would rise by 313 persons. This estimated employment increase steadily declines
until 2035, when the tax reduction means that 123 additiona persons would be employed.
Income effects of the tax reduction are dso are quite smal. Red persond disposable
income (in $1997) would be about $8 million larger in 2000 and about $5.8 million larger
in 2035. Thus, in 2000, red persona disposable income per employee added to the
state’' s economy would be $25,559 ($8 million/313) and the corresponding vaue for 2035
would be $47,154 ($5.8 million/123). Thislast caculation is of interest asit shows how
the modd accounts for expected red wage and salary increases due to productivity
changes and related factors over the next 35 years. The model also suggeststhat as
employment and red incomerise, Wyoming's population will riseaswell. In 2000, the
population increase resulting from the tax change would be 246 persons. By 2010, the
Wyoming population would be 380 persons larger than without the severance tax
reduction. These estimates reflect the fact that the effects of the tax change on population
do not al occur in one year and instead accumulate over time as peopl€ s decisonsto
move into the state often require more than a year to be implemented. However, by the
year 2035, the state population increase associated with the tax changeisonly 178
persons.

A drilling incentive or technologica change (as described in Chapter 4) that
would lead to a5 percent decreasein red drilling cost has alarger effect on the Wyoming
economy as compared to the severance tax cut just described. Total employment in the
year 2000 would increase by 1028 jobs with 950 of them gppearing in the private nor+
farm sector. Income effects are dso comparatively larger. Red disposable persona

income increases by roughly 3.5 times the income generated in the severance tax case for
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each of theyearsliged in Table 9.2. Asdescribed in Chapter 4, the drilling incentive has
the greatest impact on exploration in the early years of the program. Asaconsequence,
the effects of the incentive on employment and income would be expected to decline
through time as shown.

Table 9.2 dso shows impacts on employment, persona income and population of
tax incentives for new production of oil and gas, tertiary production, and workovers and
recompletions of existing wells. As shown, the tax incentive for new wel oil and gas
production has the largest effect among these three on the tate’ s economy. Note,
however, that this scenario (aswith al smulations unless otherwise noted) assumesthe
incentive permanently appliesto all new well production smulated over the 60 year
project life. In the year 2000, this tax incentive stimulates employment by 832 jobs,
increases persond income by about $21 million, and adds 654 people to Wyoming's
population. Notice, however, that these economic benefits taper off over time. In the
year 2035, for example, the economic impact of this tax incentive fals by more than half.
Tax creditsfor tertiary production and workovers and recompletions have ardatively
smaller impact because they apply to relatively smal fractions of production. For
example, in 1997, qualifying tertiary projects accounted for gpproximately 5% of state oil
production (Wyoming Oil and Gas Conservation Commission, 1997). As previoudy
discussed in chapter 4, the Wyoming Consensus Revenue Estimating Group (CREG,
2000) assumptions were employed in the tertiary, workover and recompletion
smulations

Table 9.2 dso presents results from the REMI model regarding the economic

contribution of a 2- percentage point severance tax reduction on coa production aswell as
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the effect of imposing aton/mile tax on railroads. In thefirst year of acod severance tax
cut, total employment would increase by 61 workers statewide, persona income would
rise by about $2.5 million, and population would rise by about 70 persons. These results
are consstent with the idea developed in Chapter 7 that a reduction in coa severance
taxes leads to little additiona production. Also, aswould be expected, impostion of a
tor/mile tax on railroads would lower employment, persond income, and population as
output of coa would be expected to fall. However, these economic losses would not be
large. Noticethat in thefirst year of this tax, Wyoming would lose 21 jobs, persond
income of about $0.8 million, and 25 persons would move out- of- state.

This overal pattern of economic effects from tax changes and tax incertives
considered should be expected for three reasons. Firdt, regarding oil and gas, production
tax changes and tax incentives have only an indirect effect on incentives for exploration,
whereas an incentive for drilling directly affectsincentives to engage in this activity. As
demonstrated in Chapter 4, reserve levels, not by prices, drive production and the only
way to add reservesisto explore. Thus, adrilling incentive would be expected to have
correspondingly larger effects than an tax incentive applied to production. Second, as
discussed in Chapter 7, a 2-percentage point reduction in cod severance taxes hasonly a
smdl effect on production cogts per ton. Third, Wyoming's energy industries are not
labor intensive. For example, based on data from the REMI modd!, the retio of the
change in output from the oil and gas production and field services sectors to the
employment change in those two sectorsis about $220,000. On the other hand, the
increase in wage and sdary digtribution in the oil and gas and field services sectors,

relative to the employment change there, is only about $27,000. Thus, a the margin each
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employee in those two sectorsis associated with additional output valued at $220,000,
but receives only $27,000, so labor’ s share of the additiona output is alittle more than
12%. Returnsto owners of other factors of production such as capita and the reserves
themsdves account for the remaining 88%. Whereas workers employed in the Wyoming
ol and gasindudtry arelikdly to live in the state, capitd and reserve owners can live
anywhere and therefore may not spend their increased incomes in Wyoming. In any case,
changesin ail, gas, and cod production do not benefit the Wyoming economy as much as
they would if |abor intengty were higher. Therefore, income, employment, and
population changes, resulting from any taxes and tax incentives directed to the sa€'s

energy industries, are expected to be moderate as well.
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Table 9.1

Control Forecast: State of Wyoming

Actual Forecast

1997 1997° 2000 2001 2005 2010 2020 2035
Total Employment 315° 315 315 317 321 326 329 328
(in Thousands of jobs)
Total Private Nonfarm 242° 242 243 246 251 258 262 263
Empl oyment
(in Thousands of jobs)
Real Disposable Personal $9,780° | $95548 $9,749 $9,836 $10,201 $10,814 $12,096 $12,939
Income
(in Millions of $1997)
Population 481° 480 463 456 436 425 435 427

(in Thousands of persons)

*Estimated 1997 data are taken from a REM| model based on actual 1997 dataand are therefore not directly
comparable with the estimates for the 1999, 2000, and 2002 control years.

PData furnished by the Division of Economic Analysis 2000.
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Table 9.2

Contribution of Tax Incentives to the Wyoming Economy

INCENTIVE 2000 2001 2005 2010 2020 2035
Total Employment 1. Oil Severance 313 296 246 206 163 123
2. Drilling 1028 1007 926 818 656 485
3. New Production 832 787 64 47 432 327
4. WO and Recom. 42 39 32 26 21 17
5. Tertiary Oil 35 3 27 23 18 13
6. Coal Severance 61 57 45 - - -
7. Cod Ton/Mile -21 -20 -16 - - -
Total Private Nonfarm
Employment 1. Oil Severance 288 266 207 168 137 106
2. Drilling 950 911 790 674 550 417
3. New Production 766 708 551 445 362 281
4. WO and Recom. 33 35 27 2 18 14
5. Tertiary Qil 32 29 23 19 15 12
6. Coa Severance 4 50 37 - - -
7. Coa Ton/Mile -19 -18 -13 - - -
Real Disposable
Personal Income
(in Millions of $1997) 1. Qil Severance $3.036 $3.036 $7.881 $7.302 $5.941 $5.802
2. Drilling $26.310 $27.170 $290.070 $28500 $23.960 $22.390
3. New Production $21.37 $21.38 $20.94 $194 $15.77 $15.42
4. WO and Recom. $1.052 $1.041 $1.00 $0.916 $0.739 $0.738
5. Tertiary Oil $0.887 $0.88 $0.875 $0.814 $0.665 $0.641
6. Coa Severance $2.483 $2377  $1913 - - -
7. Coal Ton/Mile $0.811 $0791 $0.698 - - -
Population 1. Oil Severance 246 294 383 3380 267 178
2. Drilling 775 94 1351 1436 1092 704
3. New Production 64 783 1020 1012 710 473
4. WO and Recom. 33 39 48 47 32 23
5. Tertiary Oil 27 32 42 42 30 20
6. Coal Severance 70 77 91 - - -
7. Coa Ton/Mile -25 -28 -33 - - -
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Table 9.3

Example of REMI Input Vaues for Oil Severance Tax Scenario (1)

Value of Production

Drillings Expenditures

Year ($1997 in millions) ($1997 in millions)
1998 16.913 10.753
1999 16.584 10.680
2000 16.314 10.608
2001 16.096 10.537
2002 15.921 10.467
2003 15.783 10.398
2004 15.676 10.330
2005 15.595 10.263
2006 15.535 10.197
2007 15.492 10.132
2008 15.463 10.068
2009 15.445 10.005
2010 15.436 9.943
2011 15.432 9.881
2012 15.432 9.820
2013 15.435 9.760
2014 15.440 9.700
2015 15.444 9.641
2016 15.447 9.582
2017 15.449 9.524
2018 15.448 9.465
2019 15.445 9.407
2020 15.438 9.348
2021 15.429 9.289
2022 15.415 9.229
2023 15.398 9.168
2024 15.377 9.106
2025 15.352 9.043
2026 15.324 8.978
2027 15.292 8.910
2028 15.257 8.840
2029 15.218 8.766
2030 15.177 8.688
2031 15.132 8.606
2032 15.085 8.518
2033 15.036 8.424
2034 14.985 8.322
2035 14.932 8.211
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Year Chapter

1969

1974

1974

1975

1975

1977

1977

1981

1983

1985

1986

1987

1987

1987

193

HJIR2A

19

125

120

189

155

49

173

182

97

29

241

APPENDIX A

Wyoming Minerad Tax History and Incentives (in bold)

1969 - July 2000

Explanation

Imposed the first severance tax on gold, silver, other precious
metals, soda, saline, cod, trona, uranium, bentonite, petroleum,
natura gas, and crude minera oil. 1% rate based on property
tax vauation.

Crested the Permanent Wyoming Minera Trust Fund. 1.5%
severance tax on cod, ail, natura gas, shae and other such
minerds as designated by the legidature.

Increased severance tax rate to 3% on trona, codl, oil, natura
gas, and ail shde.

Increased severance tax rate to 4% on trona, codl, oil, natura
gas, and ail shde.

Imposed a coa impact severance tax on a graduated scae until
$120 million was collected.

Increased severance tax on cod until $160 million was collected.
(Tota 10.1%)

Increase severance tax on cod, uranium and trona until $250
million was collected.

Increased severance tax on oil and gas by 2%. (6% tota)
Decreased severance tax on underground coal by 3.25%.
Decreased severance tax on collection wellsfrom 6% to 1.5%.

Yaof proceeds from severance taxes diverted to worker's
compensation fund.

Coal Equity Tax Act of 1987. Limited severance taxes.
Tax creditsallowed on CO2 injected in oil production.

4% severance tax exemption for wildcat wells.
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Year Chapter Explanation
1988 93 Allowed deduction for return on investment for certain

capital investments.

1988 73 Implemented 3 tier system for assessing property.

1988 72 Budget reserve account diversion of severance taxes begins.

1989 35 Extended Coal Tax Equity Act to 1991.

1989 172 Exempted coal used in processing from property and
sever ance taxes.

1989 287 Exemptionsfor tertiary oil production.

1989 36 Crested municipa rainy day account.

1989 57 Repeded return on investment deduction (1988).

1989 120 Continued budget reserve diverson.

1989 144 Decreased severancetax on uranium by 2%.

1990 22 Extended 1.5% severancetax on collection wells.

1990 13 Budget reserve account diversion extended.

1991 13 Coal Tax Equity Act extended to 1995.

1991 237 Extension of 2% severancetax exemption on tertiary
production.

1991 239 Exempted specified underground mining equipment

from property tax.

1991 42 Exempted uranium from severancetax aslong asthe
pricewas under $17 per pound.

1991 139 Extended wildcat well exemption.
1992 4 Redllocation of revenues to public school foundation program.
1993 167 Exempted oil and gas from severancetax under certain

conditions between 1993 and 1996.

1994 6 Extended budget reserve account diversion to 1996.
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Year Chapter

1995

1995

1995

1995

1995

1995

1995

1995

1997

1997

1998

1998

1998

1999

1999

1999

2000

2000

141

48

55

59

76

104

74

75

171

72

16

a7

48

168

121

na

31

Explanation
Granted 50% credit against natural gas severancetax for

resear ch projectsto enhance gas production.

Coal Tax Equity Act Extended to 1999.

Exempted oil produced from previoudy shut-in wells.
Extended budget reserve account diversion to 2000.
Extended tertiary production exemption to 1996.

Extended uranium severance tax exemption and lowered
spot pricetarget to $14 per pound.

Extended severancetax break to collection wells.

Extended reduced severancetax rate on oil and gaswells
(new production) through 1999.

4% severance tax exemption for oil and gas produced from
wor koversand recompletionsto 1998.

Extended tertiary production exemption to 2001.

Specified collection well property tax exemption applied to
production.

Extended reduced severance tax rate on oil and gaswells
(new production) through 2003.

Extended uranium severance tax exemption to 2003.

Coal Equity Tax Act Extended through 2003.

Oil Producers Recovery Act. Reduced severance tax on il
by 2 percentage points. Pricethreshold is $20 per barrdl.
Granted salestax exemption for sales of power to oil
extraction.

Extended budget reserve account diversion to 2004.

Reped of Oil Producers Recovery Act.

Ral Mile Tax - imposed a 7-cent tax on each train mile traveled.

266



Year Chapter Explanation
2000 na Removes 4% severance tax bresk granted for new production

from “shalow” gaswells (mainly affects codbed methane).
2000 20 Imposes a one-mill per ton of cod tax on the commercid
trangportation per mile or portion thereof.

Source: Wyoming State Legidature, Legidative Service Office.
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APPENDIX B

This gppendix derives the functiond form difference equation approximations, of
text equations (3.2), (3.3), (3.10), and (3.11), used to smulate the time paths of drilling,
production, and reserves.

B.1 Exploratory Effort (Drilling) Cost
Recd| equation (3.12) from the text used to derive the following derivative
relationships
D, =f (B.1)
D,, =0. (B.2)
Note in equation (B.2) that Dy = 0 dlowsfor convexity in w.
B.2  Reserve Additions

Usng (3.13) from the text to derive

f,=rAw e™ (B.3)
f,, =(r-DrAw e ™ (B.4)
f, =-brAw ‘e ™ (B.5)
f =- bAw e (B.6)
and the following rdaionship
ff—““f i fx:%(mfe—m)- (- bAW &™) = 0. (B.7)

w

From equation (B.4) seethat 0 <r < 1 impliesrict concavity in w.
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B.3 Marginal Cost of Reserve Additions
Congructing the ratio of (B.1) over (B.3) yidds the function for margind cost of
reserve additions

% - (B.8)

rAw e ™’

with the derivative of (B.8) with respect to w becoming

q 2w
f (@ O reoe, (B.9)
w rA

B.4  Production (Extraction) Cost

Recdl equation (3.15) from the text used to derive the following

C, =ekq”'R"* (B.10)
Cy = (e- Dekg™ *R"* (B.11)
Cr=@1- kg 'R* (B.12)
C. =(1- ekg°R® (B.13)
Con =-€(1- ©kg°R 2. (B.14)

Noticein equations (B.11)-(B.14) that € > 1insures Cqq > 0, Cqr< 0, Cr< 0, and Cgr > O.
B.5 Evolution of Reserves

Differencing eguation (3.2) from the text and subgtituting in text eguation (3.13)
yieds

R =R,+AMW.,) e°"-q_ (B.15)

269



where the initid vaues (t -1 = 0) for reserves )) and cumulative wells drilled &) are

fixed a 1997 levelsfor each date. Differencing text equation (3.3) yidds

X = X+ AW )" e, (B.16)

t
B.6  Evolution of Exploratory (Drilling) Effort
Differencing equation (3.11) from the text and subgtituting in (B.1) - (B.4), (B.7),

and (B.13) yields the dynamics of exploratory effort

Ly P OK(@) (R +alrAMw,,) et
e (- J(w)!

Recdl that dl cogt function reationships are net of tax effects and that initid vaues for

(B.17)

adrilling effort (wp) and production (q,) are optimaly set by numerical methods discussed
below.

B.7 Evolution of Production

Using equation (3.10) from the text and subgtituting in (B.10)-(B.13) and (B.15)
gives
0; = Q.1 +{[' r(pt-l - d((qt-l)e_l(R[-l)l_e)-'-(pt - pt-l)'
(- & (G )" (Ry) *)NAMW,,) €Y - g ,) (B.18)
- (1- OKk(0.,)°(R.,) - dl/l(e- Dek(a,.,)" *(R..)" ]}
recdling that the net-of-tax price path is exogenoudy determined.

B.8 Numerical Methods

Given a fixed program period T and equations (B.15)-(B.18) for time periods { =

1,....,T),intid vduesof w, and q, areiterated until the boundary condition
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f -r X e- - €
TA(WT )1 eb( T = Py - é<(QT) l(RT)l (B-lg)

is stisfied. Note that the right-hand-side of (B.19) is | (T)€". Due to the discreet
(annud) time differencing, wr will gpproach but not equa zero. The Cobb-Douglas form
for production cost will invoke a postive termind residud vaue of | (T)€", thus,
production will cease only under a truncated termind time. The present vaue shadow
price of cumulative reserve additions, |,, mug initidly be less than zero and evolve
(increase) over the time period to equa zero at time T, insuring (B.19) will hold. The
goecific method used to obtan solutions of this numericd sygem involves the
Gengrdized Reduced Gradient (GRG2) nonlinear optimization agorithm developed by
Leon Lasdon, Universty of Texas & Audin, and Allan Waren, Clevdand State

Univergty contained within Microsoft’ s Excd software.
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APPENDIX C

This gppendix derives the (generdized) congtant tax parameters numbered (4.1) —
(4.9) inthetext. Restating the producer’s problem (bracketed terms in text equation
(3.1)) accounting for al tax effectsyields
Qo -gp tr-gp (1-t)t,-C -hD -tgR-tdgp -gp t,-qgp (1-t)tp-C
-hD" - teR] -tud gp -gp tr-qgp (1-t)tp-gp (I-t)d -C -hD - t:R

-tdop -gp'tr -gp (1-t)tp -C -hD' - tzR} (C.2)

where” denotes the pre-tax price or cost, t »s denotes the federa corporate income tax
rate on operating profits, t ; denotes the state corporate income tax rate on operating
profits, t ;, denotes the property tax rate on reserves weighted by the per unit assessed
vaue, t, denotesthe roydty rate on production from public (state and federd) land, t |
denotes the production (severance) tax rate, d denotes the federa percentage depletion
alowance weighted by the percentage of production attributable to eigible producers
(nonintegrated independents), and h denotes the expensed portion of current and
capitdized drilling cogts attributable to current period revenues. h isthe sum of: 1) the
percentage of current period drilling costs expensed and, 2) the estimated present vaue
share of cost depletion deductions for the capitadized portion of current and past drilling
expenditures. Producers are dlowed to expense costs associated with drilling dry holes
aong with certain intangible codts (e.g., labor and fuel) for completed wdls asthey are
incurred. All direct (tangible) expenditures for completed wells must be capitdized then
depleted over the life of the producing well. Theratio of well extraction to well reserves,
known as the units of production method, is required by the U.S. tax code to determine
the percentage of cost depletion dlowed in agiven year (Bruen, Taylor and Jensen,
1996).
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Thisformulation assumesthat: 1) public land roydty payments are deductible in
computing state production tax liabilities; 2) public land royaty payments, production
taxes, state reserve taxes, extraction costs, and certain drilling costs (described above) are
deductible in computing both state and federd corporate income tax ligbilities, 3) the
federal percentage depletion allowance is applied to the net-of-roydty vaue of
production, and 4) state corporate income taxes are deductible against federal corporate
income tax liabilities. These assumptions do not gpply universdly across dl sates. For
example, as previoudy discussed, royaty payments are not deductible against production
taxesin Louisana, and some states have permitted federal corporate tax payments to be
deducted against state corporate incometax levies. In Situations such as these, of course,
equation (C.1) would have to be modified.

Collecting terms from (C.1) gives

(1-tu(L-tlgp -gp'tr-gp (1-t)tp -C -hD - t:R +tysgp (1-t)d  (C2)
which reduces to
ap {(1- tug(1-t(1-t(L-tp) + tugL-t)ch - C'{(L-tud(L-tJ}
-hD'{(1-tu)(1-to} - taR{(1-tud(L-t)}. (C.3)

For asngle BOE unit of g and R, (C.3) becomes

app -a.C-aD -g (C4)
where

g ={(1-tu(1-tyts} (C.5)

ap={(1-tu(L-tJ(L-t)(1-tp) + tu1-t)ch (C.6)

273



ac={(1-tuw(1-t9} (C.7)

ap ={(1-tu(1-tyh} (C.8)

equate to equations (4.1) — (4.4) in the text.
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APPENDIX D

This gppendix (related to Chapter 7) demonstrates more fully that dP, /dt,, > 0.
As shown in equation (7.11)

dpm — HQ dQ+ H(Q)

= > (D.1)
dt, @-ty)dt, (@-t,)
Subgtituting from equation (7.9) yields
dp, _ Hy €éQH,+H (Q)l}+ H@Q _QHl* +H H(Q)+D(l-t,)H(Q) 02

&, @ t)€ @)D 4 @) D(- t,)°

m

Subgtituting from equetion (7.7) yidds

dR, _ Q[Ho)* + HoH (Q)+(1- t,)H (Q[Qfgo +2fg - Coq - QH oo /(1- 1) - 2Ho /(1- t,)]
dt,, D@A-t_)°

— Q[HQ]2 - HQH (Q)' QH (Q)HQQ +(1- tm)H (Q)[QfQQ +2fQ - CQQ]
D(l' tm)3

_ (- t)[H(QP[Qfgo +2f, - Cool- d(QH/H(Q))/dQ
[H@QI"@-t,)°D

(D.3)

Thus dP,/dt,, >0 if: (1) D<O0, (2) the demand schedule for cod is downward doping,
(3) ralroad margina cogts of hauling cod areincreasing in Q, and (4)
d(QH,/H(Q))/dQ>0.

275



	w1: 103
	aasd: 104
	cbg: 105
	hsc: 106
	qqw: 107
	llj: 108
	t6y: 109
	p1: 110
	0op9: 111
	llom: 112
	ikll: 113
	o1: 114
	zsa: 115
	bvg: 116
	ppbvc: 117
	t1: 118
	ytq: 119
	t3: 120
	t4: 121
	k1: 122
	qqa3: 123
	887a: 124
	22aer: 125
	l1: 126
	pp098: 127
	ifvc: 128
	mnhj8: 129
	poddf: 155
	bg: E
	rt: W
	op: I-80
	zz: I-80
	fd: Darker Sections - BLM Land,    Triangles - New Wells Drilled Post 1987,    Dark Dots - Existing Wells
	NN: Wamsutter, WY
	M4: SWEETWATER COUNTY
	m2: CARBON COUNTY
	f1: Figure 5.1    Checkerboard Map
	jg: 156
	z5: 157
	u4: 158


