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Introduction

Recent world events haﬁe highlighted‘the growlng dependeﬁce of-the
United States on imported crude oil and petroleum products. To illustrate,
the portion of petroleum to grogs energy consumed (on a BTU basis) in the
United States has inereased from 3l percent in 1947 to 46 percent in 1973,
while crude oil and petroleum product imports increaged from 3 to 17 percent
_ of this total over the same time period. Domesti; production of crude oil,
on the other hand, began & decline inll973 and this deciine has continued
at an accelerated rate through the first quarter of 1974 [23].

Although sca?city éf proven domestic petroleum reservesg ig a contri—.
buting factor te poténtial energy problems, economic, technical, institu-
tional and political factors have influenced the rate of new discoveries.
With the depletion of proven on-land petroleum deposits, governmental poiiéy

with respect to energy resource leasing on federal lands has Peen and will
continue to be a key factor guiding private market forces. Of particular
_importance are the potential petroleum reserves located on our duter Corm
tinental Shelf. "Although leasing of such lahds hés been underway for over
20 years, lesg than 5 percent of the acreage available for lease hasg béen
opened for bid. Moreover, it is estimated that approximstely 50 percent
of our domestic oil and gas resources are located on the Outer Continéntal

Shelfr [24]. Recognition of thig fact, and of the potential importance of

*A paper to be presented at the Annual Meeting of the American Agricul-
tural: Econemics Association, August 1974. The work upon which this manuscript
is based was supported in part by funds provided by the United States
Department of Commerce as authorized under the National Sea Grant College
and Program Act of 1966.
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this policy variable to future domestic petroleum,discoverieg and production,
has led to a rapid change in governméntal policy over the past 12 months.
Pregidential directives have been taken which would incresse the annual
offshore acreage leased for‘exploration from 1 million acres'per vear in
1972 to 10 million acres per vear in 1975. Regardlegs of the annual lease
sale size; however, the resulting market effects will be dependent upon the
-geophysical aspects of the acresge leased and associated public policies which
are adopted. The former, which can be partially influenced by the.scheduie
and location of potential lease sales, determines the amount of oil in place
available for discovery. For unexplored or "wildcat" areas the amount of oil
in place is largely the educsted guegs of pétroleum.geologists L7]. Given
any stipulated amount of potential peircleum féserves, however, other public
policies can have a major influence on the timing of oil produ@tion, thé
amount of ultimate recovery, and the magnitude of governmental ravenue col-
iected through the bidding and production royaliy. system. Conbinued contro-
versy has surrounded the public discussion of pélicies related to such issues.
Included in such discussions héve been gquestions related to the appropriate
lease term options (such as bonug biddiggg royaltj bidding, or profit sharing
plans), the effect of various taxation pelicies such as the oil depletion
allowance, and the role of governmental actions affecting market prices
for petroleum [6].

In this paper, we set forth a theoretical framework which is designed
to encompéss the elements of expected market behavior when public lands are
offered for lease to the private sector. The framework outlined includes
a consideration of hasic economic elemeﬁts ag well as thé interrelationships

between such elements and the geophysical, and engineering aspects of any
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betroleum extractilon process. In addition, taxation policies and the role

of uncertainty are incorporated. The resulting analytical model is calibrated

and verified with historical dats and then vktilized to evaluate reiéVant
leasing policy alternatives. Included is an analysis of the rate and timing
of petroleum production, esbimates of governmental revenue, and investment

requirements for the varicus alternatives, as these factors relate to potential

petroleum reserves of a2 given magnitude.

Analytical Framework -

in recant yearé several economic models of the petroleum investment
and production decision process have been developed [1, 4, 5, 12, 161,
Howéﬁer, none are diréctly applicable to the analysis of alternative leasing
strategles. MNoreover, previous formulations have often failed to consider
the interface between economic and engineering phenomens relevaht'tb such
décigions. TFor example, with few exceptions, the dependence of recoverable
reserves upon the rate of production is ignored [107. Mbre importantly;
possible control of production decline rates, within reasonable limits,
by petfoleuﬁlproduéers is generally not recognized by empirical studies [26].
Pinally, important economic consliderations, éﬁch ag rigk and taxation, are
seldom accounted for in a comprehensive manner.

The'analytical framework presented héfe'incorporates the above factors
in a model of aggregate private market response to public energy leaging
strategieé; Engineering and economic cbnsidetétioﬁs'aré‘iﬁclu&ed so that a
wide range of public policy alternatives, és well as physical phenomen@,
related to petroleum production and invesbtment decisions may te guantits-
tively examined. | |

The framework 1s based upon the assumption that there 18 & known prob-

ability distribution of the size and location of original oil in place, R,
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such that the expected value and variance of R in aﬁy given ares may be
estimatedfl The total resource or producticn constraint can thenrbe
represented by: |

T

(1) R(x) > fq(t')d.t
. : 0

Where R represents original oil in place, ﬁ ié a percentage indicating the
maximom oil in place that is physically recoverable givén current technology,
T is the production time horizon, and q(t) thé rate of production. Theore-
tieglly, when public lands are offered for lease, an optimum is obtained

by the private sechor through maximization‘of net present value re%énue.
subject to this constraint [10]. The complexity of this ogtimization
problem 1s largely due to the unknown function q(t)° However, for the
purpose of empirical.analysis, the prbblem ig simplified if q(t),is expressed
as a function of the initial capacity installed and the production decline

rate such that [1, 3, u3;°
' ' _ - ~at
(2) qt = g.¢© .

Where a4, represents initial installed capacity, and "a" the rate of decline
1n production. This relationship is based upon the premise that as petroleum
is éxtracted, natural or artificial reservolr pressure is reduceé‘so that
production declines through time at the rate "a" [10, 14]. The rate of

pregsure reduction, and hence production decline, is g direct function of a

;For a discussion of procedures useful for the derivation of such
probability distributions see [2, 20].

2Depending upon the physical charscteristice of the petroleum province
and the technology utilized, alternative function forms may be specified

[3, 181.
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namber of geological factors including the permeability and porosity of the
strata. OF gre@ter.importance, however, is that natural or artificial
pressure decline may be offset by selection of appropriate compl%ﬁién
technology and operating procedures [10, 18]. Thus, producer control‘over
production decline rates as well as initial capacity levels, within reasonablé
limite, can be presumed. This control is of particular importance since
resource recovery is generally a negative function of the rate of production:
[8, 10, 14]. For the purpose of exposition, it is postulated that recovered

regerves, Rb’ mey be expressed as:

(3) R, = Rx - pge™

Where 8 is a physical parameter related to geological conditions and qoe—a

3

the initial rate of production.” The cumulative output may then be written as:

(4) R = f qoe_atdt

Where RO equals Rx - que"a

from (3). For a given production time horizon,
equation (B) states that cumulative output is equal to the magnitude of
reservésswhich may be fecoVered at a given rate of production. In the -
subsequent ahalysis, this assumptionris applied over all slternative bid
systems.. |

Given any expected R, a projection of the opbtimum level of investment

or initial capacity "qo”, the production decline rate "a", and the production

3Recovered.reserves are expressed as a linear function of the rate of
producticn since for any given set of geological conditions determining the
- value of B, the faster the rate of production, the lower the volume of
petroieum that is recovered. This results because reservoir pressure is
inefficiently utilized at high rates of produbtlcn. “Although the form of
this relationship has been the subjett of substantial debate, the ‘concept
is usually 1gnored in empirical studies [8, 10, lh] '
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time horizon "T" must be made by a potential lessee before determining his bid.
Econcmic theory indicatgs that this projection will be based upon the maximi-
zation of after-tax net present value revenue [19]. For the purposés of
lezsing policy analysis, relevant cost-components entefing the gfter-tax
net revenue calculation include invesbment cost (which can be defined as a
direct function of the capacity installed), operating costs, royalties, the .
depletion allowance, the deduction for intangible drilling and development
expenses, and cther relevant ﬁax @rovisions.h After-tax net revemue taken
over the anticipated production period and discounted, then equals the
anticipateé‘economic rent for the resource on a present value basis.

The theoretical framework can be expresged in the form of two basic
relationghips. The firgt defines the production time horizon limit as a
function of physical, as wel} as economic, parameters. Theoretically,
this limit is obtained.whén current expenses pér unit equal revenue per unit.

This relationship may be written in reduced form as:

(5) 0 = (2 +PE)AN(L - 5+ ga) - (l—¢)1{0e(e+a)t

Where PO repfesents inltial price per unit of preducticn, Pl the annual
anticipated change in unit price, » the royalby rate, g the corporate income
tax rate, z the percentage.depletion allowancé, ko the initial operating
cogtes per unit of capacity, and 6 is a physicél parameter related to initial

5

reservoir conditions.

In certain applications, investment cost may also be expressed as a func-
tion of regerveg to account for economies of scale. For a discussion of taxation

see [9, 14, 25].

5Tota.l operating costs in any time period are constant, within reasonable
limits, regardless of .the decline rate. Thus, unit costs would increase at
an exponential rate as production declines through time [3, 81. However,
given initial reservoir conditions, it can be postulated that unit, as well as
total, operating costs increase through time by the factor €. This phenomena
is due to equipment obsolescence as well as increasing utilization of secondary
recovery techniques [18]. Product prices, however, are expected to increase
at a linear rate [161.
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The second relatlonship weximizes after-tax net present value revenue
subject to the production time horizon constraint represented by equation
(5). For the purpose of exposition thig function is written in two parts.
The first part, which represents net present value revenue before taxes is

expressed as:

O T
= " ~{atr)t u/\ L8-rlt
(8) ¥PVET = qOJ ‘(lm)x)(PO + Plt)e Tt - g K. e dt - ba_
0 0
Where q equals a{Rx) (J_--e:_aT + Bae "8y from equatlons (3) and (U4)
3
reprepe nts investment cogt per unlt and r is the discount rate.
The preéent value of taxes payable may be expressed as:
(7 TAX = q ¢ T”(:M)(P £ pop)em @Ity T“K RESJN
qo‘ {h/’ o 1 ' u/ o T
: o . A
' __n-i i
]: X [ae n{2 1 [yb(1-0)] zf (2A)(p, + yt)e” (e+r)b gy
=i (li-‘r-) _ o

= (1-y)b } - g b

Where ¢ represents the tax rate, n the time horizon for depreciation, z -
the depletion rate, y the percent investment which is tangible, & the percent
investment salvageable at n, and O the investment tax credit rate. Equations

(6) and (7) may then be combined and salvage value is added to obtain after-tax

- The sum of the.yéars digits depreciation method is used. Tax treatment
-of bonuses ig ignored here for the.purpose of exposition. This ommission is

consistent with the industry declsion process and does not substantlally alter
the empirical results le}
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net present vaiue revenne.T To this basgic framework} risk of an actuarial
natﬁre may be incorporated by replacing R with expected R, (ER). For certain
applicationg; a risk adjusted discount rabte may be readily incorporated.B'

For implementation, the framework may be restated such that after-tax
net present value revenue is maximized subject to the cumulative production
and time horizon constraints set forth in equations (4) and (5).9 The
solution is theh accomplisghed through the use'ofra computerized constrained
search algorithm. Products of the solution are the optiﬁum decline rate
a%, the time horizon T*, the optimum inifial qapacity‘qi, annual production,
cumilative produc%ion, and the present value of after-tax revenue. By
manipulation ¢of the iatter value, various bldding opbions can be simulated.
For example, under a boaus bid system the expected bid plus royalties
should equal present value of the economic rent éiven pure competition and
knovn probabilities for R. Under a royalty bid system, cumglative royalty
payments'equal the anticipated economic rent. Thus, affermtax net.present
value revenue can be constrained to zero with the royalty rate, )\, being

determined.

TFOr policy analysis, taxes payable are calculated separately for the
first year and, then, for the remaining production time horizen. As mandated
by statute, the depletion deduction is limited to 50 percént of net income
before depletion. First year tax deductiouns in excess of those that can be
utilized against lease revenue are agsumed to be applied against gross
revenue and/or taxes (ag the case may be) on other company operations (with
the exception of percentage depletion which cannot be used in this manner).

In essence, these excess tax write-offs are credited as additions to the after-
tax net present value of the lease. For simplicity, s one-year lease develon-
ment schedule was assumed. Consequently, given tax legislation, excess tax
write-offs only accrue in the first year. This assumption provides a consis-
tent and reasonable basis for comparing policy alternatives.

BConceptually} the rigk adjugted discount rate is & function of the
variance of expected payoff as well as the attitude toward risk [11, pp. 129-58].

9TWD assumptions are implicit. First, that unitization ie imposed s=o
that externalities associated with the private expleoration of common property
resources mey be ignored [13].  Second, user or opportunity costs associated
with rescurce exhaustion in the pure Ricardian sense are not incorporated.
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The framework posed serves to point cut several issues which’hafé

obvious pelicy implications. First it is ‘clear that the economic rent is
diregﬁly related to the expected level of reserves. Thig factor is in turn
8 func?ion of the sche&ule and location of lease sales. Second, the royalty
rate, productlon rate restrictions (based on maximum efficient rate regula-
tions), tax poliecy, and government policy affecting market prices are all
lmportant factors affecting pstroleum production and investment decisions.
Third, producer control over production dedéline rates and initial investment
levels are important deﬁerminants_of production profilesfand gdvernment

revenues under alternative resource allocation systems.

?olicy Evaluatién

The framework set‘forth above was calibrated and tested using histoxicai‘t
data. Unpublished governmental statisfics of oil reserves and develcpment-.
operating costs; along with engineering estimates of physical-parameﬁefs,
for recent leéase sale areas in the Gulf of Mex1co were utilized. A complete
ex post analy31s is not yet posszbleﬁ smnce the productlon phase ig in the
early stages fdfimost of these areas. AllL resulﬁlng bid estlmates, howevef,
were within 10 perceﬁt of actual'values and other indépemdent variabies were.
reasonable and conSLstent with current experlence in the Gulf (18, 21, 22]. 10

Given an acceptab]e degree of accuracy in the ex peet appl*catmon of

the analytical framework, we now turn to an evaluation of publie 1easxng

lQAS an example, the MAFIA sale in 1973 consisted of 1Lé lease tracts

and brought forth bonus bids of $1,491,065,230 {17]. Of course no production
has taken place on this acreage to date. However, using an $8. 00 per barvel
oil price, the model calculated a total bid of $1 570,000,000,  The results
assumed current tax legislation, a 10 percent dmscount rate, an $.08 per

year price increase for oll and costs estimates relevant to the forecast
structures and water depths of the sale area [21]. Forecast initial capacity
installed was 1.07 X 109 barrels with a decllne rate of .0l and cumulative
production of .139 X 1040 parrels. : :
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policy alternatives which have been‘widely Fuggested as superiﬁf to the
current bonus system [56]. These include a bonus system with an'increase in
the fixed royalty rate, s roya;ty bid system, a profit share system and the
elimination of the depletion allowance. The first two alternatives have
been advocated as a means of reducing the initial cash bonus te encourage
exploration by small independent producers. It is also argued that such
gystems may result in increased ngéfnment revenue. On ﬁhe other hand, =
royalty based resource allocatioﬁ method may lead to inefficient production
decisions, as well as increased administrative costs. Theoretically, such
“lnefficiencies might be avoided through the implementation of a profit sghare
resource allocation system. However, in the long run, this system could
lead to a misallocation of resources among industries. Finally, contimed
coﬁtroversy surrounds the effect of the depletion allowance upon the rate
of resource development, economic rents, and allocativg efficiency (9, 15].

The.various systems were anaslyzed by assuming that offsghore acreage
located in less than 300 ieeL of water and containing an estimated 1.5
bllllon barrels of recoverable o0il in place were being offered for lease.
Assumptions regarding product prices, costs, tax structure and physical
parameters are identical to thoge used for the MAFIA sale evaluation {see
footnotes 7 and 10). Table 1 displays the results of model runs on the
various scenarios.

As shown in Table 1, an increase in the fixed royalty rate to 50 percent
and a royalty bid system;l both lead to a reduction in investment and initial
capacity insgtalled aé coﬁpared‘to the‘current system. At the same time,

the production rate is reduced which results in an increase in recovery

lWhen left to competifive forces with no bonus bid requirved, the
royalty rete expected as a bid under the assumptions used was 54 percent.
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Table 1. Impact of Alternative Policies”™

Current Elimination
Impact Bonus Increase of - Profit Profit
Cat?- Bid in Fixed Royalty Depletion Shaye Share
gories Units System Royalty Bid Allowance . Bystem” Systemc
Royalty $ .16 2/3 .50 .5k 16 2/3 .16 2/3 16 2/3
Rate
Profit
Share 4 0 0 0 0 _27d o7
Rate ]
Time Yr. 4.0 2L, 0 28.0 15.0 1%.0 18.0
Horizon '
Initial MMEBBL/ 106.73 67.18 59.03 100.54 106.73 85.90
Capacity Yy, : : o
Production
Decline % .01 0L .01 0L 01 .01
Rate o : '
Investment = § 2.67 1.68 1.48 2.51 2.67 2.1%
Total MMBBL 1394.3 1433.5 14L1.6 1%00.5 1394.3 ks,
Recovery
Royalty 4 1.03 2.143 2.38 1.00 1.03 .91
Bonus $ 1.57 19 .00 1.12 1.1k A
Bid : ' :
Taxes $ .57 .00 .00 1.02 1.00 1.6
Paid
Total
Government  $ 3.17 2.62 2.38 3. 1h 2.97

Revenue

3.17

%a11 monetary values are present values (discounted at 10 percent) in billion dollars.

bIncome base includes the depletion deduction.

“Income base excludes the depletion deduction.

dFor purpcses of illustrabtion, a 27 percent rate applied to the respective taxable

income bases was used. Thus, a corporate tax rate of 75 percent results.
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{(cr cumulative production), as well as a longer preoduction time horizon.
In other words, anticipated.productiqn i3 lower in the first few years_and
higher in later peri&ds és compared.ﬁo the present system. This result,
when coupled with the accelerated 0OCS lease-sale s¢hedule, hag cbvious
implications for the timing and level of impofts as well as balance of
payments considerations.

Both royalty based rescurce allocation systemsrleaa to a decreage in
the bonus bid. However; the present value economic rent; which is tradition-
ally defined as royalty plus bonus bid revenue, inc%easas as the royalty
rate is raised from 16 to 50 percént. In thé cases presented, this is
partially due to distortions inherent in the tax system as well as the
gpecific tax assumptions used (see footnote 7). Given the structure specified
above, the bonus bid.is.defined to equal after-tax net present value revenue.
Thus, the bonus bid is reduced by the calculated present value of tax pay-
ments. As the royalty rate ils increased, taxeé payable under the assump-
tlons specified are reduced7 and may, as in the examples presented, fall
to zero. Thus, the appropriate comparison under the alternative systems
iz the level of total government revenue. On the basis of this comparison,
both royalty based resource allocation systems lead to a decrease in
government revenue on a present value basis.

However, 1t must be recognized that the interaction between a, a.s and T
can, undefthe assumption of resource recovery utilized, result in total govern-
ment revemue being greater under the royalfy bid systems than under cash bonus
bids. Changes in the relationship bstween total recdvery and the pfoductidn

rate and/or changes in the limits to.produCer control over the range of
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the preduction decline rate (because of éeophysical‘factors) may cause such
& ph.enomen'a.l2 | |

Elimination of the current 22 percent depletion allowanpe algo results
in a reduction in the initial capacity installed as well as total invegtment,
However, .due to the alteration in the timing of preductlon; as well as the
increased Laxes paid, total governmend revenué onra present value basis is
slightly decreased over the éurrent system.  Thege results tend to suppert
the hypothegis that the depletion’ allowance results in higher investmgn@
levels and production rates. The analysis also suggests that the depletiqp
allowance tends to swell ecomomic rents [8, 9].

In the case presented; the impact of a profit share system depends
largely upon the profit share base az well as the assunption regarding first
 year tax deductions. For cxample, under the assumptions specified, if the
base includes the depletion allowance, the initial capacity installed is not
affected. However, a significant‘deérease in capacity results if the base
excludes the allowance. This result may be expected since, in the formgr
case, an increase in the profit share rate leads to -an increase in the
effective depletion allowance per unit of;prod_uction.13 Hence, bthere is

an incentive to maintaln investment levels.

12
MER restrictions are based upon the fact that the decline rate can

be altered [16}. Albhough the degrese of control over this rate is a function
of individual reservoir :characteristics; as well as the completion technology,
for empirical purposes a lower bound of .0l is utilized in this anslysis. -
Since in the cases presented, i% is implicitly assumed that the value of b

and/ox 8 is independent of the decline rate, after-tax net present value
revenue is maximized at the lower bound for all systens.
13

If a corporate profits.tax rate of 75 percent is imposed, the after—
tax value of the depletion .deduction is increased from 1l to 16 1/e percent
of the value of expected production.
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In all cases presented, an optimum is obbtained by maximization of after
tax net present value revenue, subject to the constraints representing resource
avallabllity and the production time horizon. Thus, the industry may adjusf-
the production decline rate, the initial capacity installed, aﬁé/or the
preduction time horizon, as the bid system changes in order to maximize net
present value revenue. For example, initial capaéity may be reduced, and the
time horizon-increased, as occurred whenthe royalty :ate was increased from
16 to 50 percent, to satisfy the objective function.

This result is contrary to previous studies which are based upon the
assumption of a constant production profile [18, 26]. Given this assumption,
any increase in the foyalty rate reduces marginal revenue and thereby lower
resource recoveries and govermment revenues may be obtained.lLP This approach,
however, fails to recognize flexibility in terms of the initial capacity
installed, the production time horizon, as well as the production decline rate.

Of particular importance is the rangé within which the producticn rate
can be varied by petrdleum producers. If that range is limited by physical
conditions or institutional factors such as MER restrictions, net present
value revemue is altered for all lease systems analyzed. Thug, the absolute
level of government revernue cannot be specified a priori since it depends
on the geophysical-institutional-economic interactions discussed above.

Moreover, the impact of all bid systems upon gqvernment‘revenue is
subject to several qualifications. First, for each #ltérnativé it is assumed

that & 1.5 billion barrel expected reserve will be discovered. If it turns

3'LFc_vr example, .1f the production profile is fixed at the level calculated
to prevall under the current bonus bid system, productlon does not occur if
the royalty rate is increased to 50 percent.



-15-
out, ex post, that this value was greater than Lhat actually digcovered,
royalty collections and/or profit shares would obvmously be reduced wheresg
the bonus pid cocllected woqu remain unaTtered = However, if the value is
less than dlscovered. rOJalty revenuee anﬁ/or pLOflt shares would be 1ncreased
The final result with respect to government revenue dependu on the level of
actual reserves dlscovered the relatlonshlp of the lease system to uncertainty
evaluation by the industry,l6 and the interaction between reduced revenues
and the tax—royalﬁy structﬁre. Second, lease profitability (and’consequently,
development fea31b111ty) depends bobh upon tha level of the royalty rate
and. product prices. For example under a 50 percent fixed royalty system
‘and a $5 00 per barrel oil prlee no bids would ‘be generated for the acreage
offered under the assumptlons dlscussed prevmously However, a bonug bid

would, at current royalty rates, be offered.l7

15In eddition, if actual reserves are less than expected, the field may
be abandoned under a royalty bld system. For example, once 1ease acquigition
takes place by cash bonus, it is profitable to produce (ceritus paribusg) if
actual reserves total ab lea £7°623 miliion barrels. However, reserves must
total at least 1,258 million barrels for production to he profltable under
the royalty bid svutem

léA full evaluation of this aspect is not present here. The framework
used does, however, permit these factorg to he 1nc0rporated For example,
under a royalty system a prospective bidder may bid the full value of the

estimated resource because relatively little cost is entailed in the event

of a dry hole, On the other hand, the bonus bildder may discount his bid
since the risk isg higher. However in the analysis presented, risk of an
actuarial nature is assumed chroughout This assumption is based upon the
premise that the investment decision is viewed as one of a large number of
independent decisions. Therefore, expected value is an appropriate risk
adjustment in all cases [11, pp. 137-158].

lTInefflcleneles of this type are not associated with a pure royalty
bid system.
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Bummary
- The analysis presented points out that policies which tend to incfeaéé
cogts per unit of production ténd to decrease investment. Coﬁverselyﬁ policies
which decreasé .per unit cost may be expected to result in increased investment.
However, as investment rates increase, production profiles tend to shifi
toward the present with an associated reduction in total recovery. Of perhaps
equal importance, is the conclusion that geophysical factors associated with
individual reservoir characteristics can alter production profiles in ways
which make it impossible to specify an optimal bid system with respect to
the maximization of govermment revenue. Under any given bid system, govern- =
ment revenue appears to depend upon factors gpecific to individual regervoirs.
Thus, the medel presented highlights both the trade-offs implicit in various
leasing strategies and the geophysical-sconomic interactions which must be

accounted for in any resource management situation.
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