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THE FUTUREVAVAiLABILITY OF DOMESTIC CRUDE OIL

Introduction
- This'study examines the effects of price incentives>on'tho availa-
bility offpetrqleum. Although only three percent of the total domestic

consumption of petroleum.is used in agriculture, agricultural production

" is highly dependent on petroleum. . Virtually all mobile power units
'operate on petroleum products and their continued use depends on an

'adequate supply of petroléum»(Pagoulatos and Timmons). The availability

of low cost energy to fuel mobile power units has been the major force

‘behind' the mechanical réyblutionAthét has taken place within agriculture.

The continued avallability of fertilizers, insecticides and herbicidcs
is dependent upon the availability of petrochemical: bases. Furthermore,

although the capital stock of U. S. agriculture can be shifted to a

system less heavily dependent on petroleum,_the.Shifthwill be expensive

: L o ¢ ‘ o ‘ N
and will have massive impacts on food costs, land use and production

intensity for American society..
Agricﬁlture depaftment'Officials are aware of the importance of

petroleum.and petrochemicals for the continued productivity of U. S.

agriculture, and provide input into economic policies that affect petro-
~leum supplies. Nonetheless, congress and the administration will design.
“energy policy déalinngith'the-total.energy supply for all sectors of

the U. vaéconoﬁy, not just for agriculture. While the newly.created-

cabinet level energy office will look to agriculture officials for ad-

“vice concerning the special needs for petrolcum in agriculture, this
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offlce must be concorned with tho ptt1oloum situation for the entire

U. S. economy, ‘Hence, in-assessing'the‘impact of national molicy on
the availaﬁility of petroleumzprodﬁcts for agricultural msos, tho CCo-
nomic forces effeeting the;totai petroleun extractioﬁ system. must he
considered.

This stﬁdY Présemts a,mdde1 useful.for examining the effeetsvof'
Selected priée'pbiicies:by.the federal government en”netroleum
prOduction. We attempt to determlne if adjustments in thc pr1c1ng
mechanlsm fot domestlc crude 011 w111 1mprovo the demand supply
51tuat10n for pll ln-the,U-‘S- Price policies examlned include:

(a) equalizatien of theveemestic wellhead price for crude oil at the
world priee, (B) censtant money.wellhead pricesbfom crude oil, (é)

constant real wellhead prlces and (d) equallzatlon of domestic woll-
head prlces W1th the 1976 world price w1th increases thoreafter equal

to the change in the domestic wholesale price index.

Mcdel Structure
While agriculturalveeeﬁomists have already been concerned with the
effects of increased energy costs on the availability of fuels and chemi -

cals, on the mix of crops preduced, and on the. shifts in producer and

ﬁconsumer,welfare,Athey have not dealt with the more general problem of

the effect'of»government'poliey‘on the petroleum extraction system
(cf. Adams, King and Johnston, Heady'and Dvoskin, Carter and Youde, and
Klepper et,{al.).{ In an effort to delineate arcas of emergy research

for agricultural economists, Whittlesey and Butcher arguc for rescarch
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dealing not only with impacts of the changing encrgy situation on

agriculture but for more involvement by apricultural.cconomists in

the national situation of supply, demand and poiicy for energy resources.

Studies by Epple, Khazzoom, Carter, Fisher, Adams and Griffin,
and Erickson, Millsdps and Spann, have all dealt with the o0il discovery
problem. 'quever, these studies have not analyzed the impact of cco-

nomic'policy‘on the total oil production system, but rather focused

‘on specific facgts of the industry. MacAvoy and Pindyck did develop

an integrated economic'model, but their study was-dcsigned to assess

‘the effects of alternative regulatory policies on the natural gas, not

crude oil industry.
In this péper,_a theoretical model that capturés thé total system

regulating the generation and extraction of crude oil is developed.

~ The model .is explicitly. designed to test the responsiveness to price

incentives of petroleum exploration, reserves generation and extraction.

. Figure .l illustrates :the conceptual reiationships.comprising the struc-

ture of the mOQel. The model consists of three major components:

(a) a petroleum exploration submodel, (b) a TeServes generation sub-

model, and (c) a submodel generating 0il for refined products.

Petrolewn Exploration

The petroleum exploration component of the model consists of four

- stochastic equatibns and éne identity (Table 1).  The supply of new

domestic o0il is determined by the product of the number of exploratory
wells drilled (TED) and (ADSZ) the average discovery size per well

(Lquation 1). The number of exploratory wells drilled (TED) depends
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upon the interrelationship between expected reoturns from oil and pas,

costs of production and risk (Equation'Z).l Begause of the time-lag

“between investment outlays and the accrual of revenues, the interest

rétg is included. o ". ‘ S

The search for:oii éndvgas is carried out jointly; and new oil
dis;overies (ADSZ} are aséo¢iéted with discoveries (SING) of natﬁral
gas (Equations ‘3e4)._j The higher tﬁe'ratio,of,past gas discoveries
to'paSt oil discovefieS; the higher the probabi}ity of finding oil.
Howéver, as.Fisher.points out, there are;many more smail; less riéky,
pefroieumAprospects Sﬁill to be discovered than there arc large, more
risky prqspecpg. ﬁence, the average discovery sizc will be reduced

as the finite stock of oil'and.gas is depleted. The success'ratid

- (SUC), defined as the ratio of productive to total new wells drilléd,‘
'is a function of‘previous discoveries of oil and gas and the depth

o at_wﬁich exploration is'takingAplace (Equation. 5).

'The price of crude_éil‘(Pj is a functipn.of the price bf close
substitutes tnatu?al gas and imported crude oil) and the extent of
refinery_capicityfutilizatidnv(Equation 6). A distributéd 1ég of the
éales of réfined_produgté rather than acfual_salesris used, because

a sustained increase in sales of refined products must occur if the

_price of crude oil is to increase.

Reserves Generation

The reserves generation component of the model consists of two

'stochéstic’equations and one identity (Table 2). Total proven reserves
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-of crude oil (TR) are equal to the sum of reserves remaining in the

previous period, (Rt_l), new discoveries (DC), new extcensions of reserves

(EC) and revisions to existing rescrves (RC) for any time period
. 2 '
(Equation 7).
Extensions of previously discovered oil -(LC) depend upon expected
prices, which are given by a distributed lag (sec Griliches), ns well
as the amounts of crude previously discovered (Equation 8). Economic

incentives result in the adoption of ncw technologics on extraction
. . ) o . , t

‘and make possible the use of secondary and tertiary recovery methods.

Revisions of established reserve levels (RC) do not respond to cconomic

or technological variables and are assumed to be proportional to changes

in reserve levels (Equation 9).

0il for Refined PToauéts

Aihe finallsubmédei'focuses on oil‘fbr.réfined products (Tablé 3).
The primary-inputs,to'thé.ﬁetroleum refining industry are domestic
crude,oil and ledse gondensate (8), natural gas liquids (NG) and‘oil

imports (M). To arrive at the total quantity of products from the

'refinery, (DISTRj, the proceésing gain realized in the refineries (GA) is

also included (Equation 10).

Because petroleum producers attempt to balance annual flows with

_reserﬁe levels, the supply of domestic production (§) is determined

"by the marginal COst,of.deVelqping existing reserves (Bquation 11).

Hence, marginal production costs. will depend on reserve levels relative

to domestic production. "As the reserve to production ratio declines,



jmarginal.toéts fiSe‘exponentially. Development of new produétion sites
will be undertaken'énly if the expected price of bil covers all costs
including é'normal‘return on investment and a risk ailowance. ‘A short-
term glqt may éend'currenﬁ,prices down. If»the glut was éxpected to be
‘temporary, and‘;ongrrun»price expeCtations were'high enough, devclopment
mightﬁcontiﬁué even at low"current prices. |
Price expégtatiOns;and-the opportunity cost of investing in

petroleum production are expressed aS‘disfributed lags of past prices
andvthé difference between net price and the rate ofl_inte‘rest.3

’Imports.of'érude petroleum are assumed to respond to domestic
echomic ?oligy as we}l as the price of imporfed'crude oil (Bﬁrrows,
_Adelman). -qufentvimports M) are viewed as demand for fbréign.crude

0il and respond to the utilization of domestic refining capacity which

acts as a constraint on-the domestic supply of crude, since import quotas

' wére Set-qnlthe basis of domestic outhf (Equation 12).

| VThe‘amount of natural -gas liquids (NG)'added in‘tbé refinery
process, because of egonomic and technological factors, has been
steadily increasing over time (Eqﬁatipn 13). .Natural gas 1iquids‘have'

been a relatively small proportion of total inputs (averaging about 14

'percent'of total supply over the period 1959-1972) andAhéve\been direct-

ly related to the price ratio of‘cr&de to natural gas 1iquids.

The pfocgssing'gaiﬂ (GA) represents the expapSion of fucls duc
. to some refining processcs such as reforming and cracking, and is the
Finallcomﬁoneht of the total amount of Tofjned liquids;d Thé qunntit}

of processing gain increases in direct proportion.to thc amount of



crude oil and lease condensate run.through stills, and declines in
proportion to the amount of natural gas liQuids added for‘refihing

(Equation 14),

i

Estimation and Validation

TheAcomﬁlete‘ecoanetric modelvconsists of 11 stochastic cquations
vand 3 identities. Some of -the pérémeters'of'the étructural rclationships.
are simultaneously_determincd, Two stage least squares and three 'stage
Vleést squares were used to eStimdte model.parameters. Estimates Obtnincd
‘Via'the three stage least squares m¢thod Qere somewﬂat morc efficient
‘than the Fwo §§age least squaresvéstimates. -Threé stége least squares
‘ rgéults are présented inyTables 1-3. Estimates were oﬁtained using sample
bdata from 1959 to 1972.

A majorveffort wandevdfcd té the yaliddtion of the model usiﬁg
'quaﬁtiéativeAmeésufes suggested in Theil (1966). The model.ﬁas first
Vaiidated with reépect to‘its.ability to predict_eddogenous variables
within the range of the samplé data over the time period 1959 to 1972.
.Predicted valués_for enddgeﬁdus variables were’obtained for reduced
forms‘from the first stage of éstimation {(the Unrestricted Redgced Form
ér URF estimateé). Prediétéd values generated from uﬁgﬁ-thg ;truCtural
éqﬁations of both ﬁhe sécond and third stage (the Restricted Reduced
" Form or RRF eStimates) vathé.mOdel werce also generated. The predicted
values from each bf.the three estimation methods {URF, ?wo stage.RRF,b
<and:thréevstage RRF)'were used inlconjunction with sample data to cal--

culate Theil coefficients, correlations between actual and predicted
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valueé, root mean squafe~errors, and orfor dccompositioq measures
(Theil, 1966).  None of the prediction methods wcfc fuu;d to be clear-
1y superior to the others bhased on thesc anidution measures (Stecklerd,
Table 4 summarizes calculated values for the validation mcasures using
predictions'obfained from the structural cquations of the third stage.

| Cgléulated.values suggest that the model lurgely does an udéqunto job
of predicting endogqgous variables within the range of the sample data.

‘01d Theil coéfficiéﬁts based on predicted and roélizod changes in
éndogenoﬁs variables ranged from .164 to .793 while new Theil coef-

«ficients ranged from ;248 to 1.063. Simple corrclations between actual
and predicted values wére‘above .38 except for the cquation generutihg'
the average siie of natural'gas diSCOV6rics. Regression eocFFiciénts of
actﬁal data on predicted values were all near onc. Roét mean square er-
rors are all low réiafivc‘to_thc\magnjtude of raw data values.

To further scrutiniée the model's cfficacy as a predictive device,
predictions.for endogenqus Qariables were .calculated for the years,
1973, 1974, 1975 and 1976 using actual data for prodetérmined variables
fpr those years. Comparisoﬁ of actuély observed values of cndogenpus

-variables for 1973, 1974; 1975 and 1976 with values obtained from the
equations based on the 1959.to 1972 data provide a very critical test
of thé nbility of‘theimodél to predict beyond the range of thc sample
data. Resﬁlts using the RR? three stage 1cu$t,squﬂrcsbpnrumctor esti-
mates are preSentgd in tdblé‘S.‘ Predicted vuluos,For the ychrﬁ 1973~
1976 all track very closcely historlcnl‘dntn for the same time period

(see Figure 2-4).
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Using the 0il Model in a Policy Setting

Given theAlags from-price changes to explorétion, dovolopment,

and production changes, if might be cxpected that very little addi-
tional supply wouid be forthcoming in the next thre¢ years from increased
crode oil pricos. The demand conditions of the 1980's can be des-

cribed in a number of ways, varying from quite cxponsivo {continucd
increoses in;potroloumﬂproduct demands duc to strict pcgulation of

orude 0il prices).to quite rostrictive (because of higher crude oil
prices aﬁd new ¢oal and solar energy toohnologies).

Thcoapproach_taken here is not to choose an cxtreme sct o?lva]ucs

_Of'the exogonous variables to be inserted into the model. (aﬁhor, a

set of values was chooen-that follows from'”mediun” conditioos 1iko1y
:to>prevail in cnergy markets in the near future. Demand for crude
”peﬁroleuﬁbio.ex?ected to increase at the rate of 2.2 percent per

annum undef CQnstan§>ores§n@ prices and at the rate ‘of Z.O percent

per annum L"lnder'worlvdApI/‘ices.'5 . Tt is expccted thut»natorul gas prices
will increase at a rate of 9 percent per annum in current dollar terms
and that the average drilling cost will increase at 7 percent per aonum.6
These»valoes wore then inserted into the economctric model(to,produce
_simulated Qalueo of additions to reserves, total Proven reserves and ‘pro-
duction out of rosorvos for thevtimc poriod 1977 t0‘1985, Tmpacts of
the four price policios on additions to reserves, proven reserves and

production out of recserves arc summarized in Figures 2-4.



A

Domestic production and reserves under world prices

Domestic price increascs at the rate of world price rises would

~have only a slight impact on new discoverics of rescrves over the 1977

B P A, : . R
to 1979 period. This is duc to the assumption of a decrcasing success
ratio and to the lagged response of exploration to cconomic incentives.

Total additions to reserves are expected to incrcasc by 25 percent in

. 1978 over 1977 and surpass 3 biliion‘barrels in 1982 (Table 6). Total

‘additions to reserves do not necessarily track closcly the new dis-

coVeries due to the increased. production levels over the 1977 to 1982
period (Figure'2).8

Price incentives in exploration coupled with .a decreasing success

. ratio yield total additions to reserves which arc lower than the amounts

of extracted oil at these prices. Total additions to reserves reach 7

billion barrels a year by 1985, This is approximately 5.5 billion bar-

~rels greater than the new additions to reserves for 1977, eXpected prior

to the series of price increases.

Highér crude o0il prices at the wellhead would make it ‘profitable
to increase produCtion by more than 2 billion barrels during the period

1978 to 1985. The increased production out of reserves reduces the

-reserve—production'ratib‘from 9:1 in 1977 to 3:7 in 1985 as a larger

‘proportion of existing reserves-is removed in responsc to the price

incentive.
The result of a dercgulated domestic price is to substantinlly
increase domestic production and greatly reduce the magnitude of the

crude 0il shortage. 'This is sufficient to meet 88 percent of oxpected’
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U. S. consumption'from-domestic sources by 1980. The domestic produC—:
tion shortage isveliminated and an ecxcess supply results by 1985.
Excess supplies Occurrihg after 1983 may lead to rcbuilding of the

reserves base and to some price softening on new field contracts.

Constant real wellhead prices
Continuation of present regulations is envisioned as a maintcnunce
of "ceiling" prices on Yold" oil at a higher level than currently

used and continued deregulation of 'new' oil prices. The increase in

the price of crude oil at the wellhead is hypothesized to be increcasing

at an avefagg rate of 5 pefCent per annum»correspdnding to the expected
inflation. |

The.inéremehts_bf tdtﬁl additions to rescrvos.qro showQ inATuble 7
total additions each yeér:fall short.of those for Table 6. The supply
of production out of.reserves is stcadily decreasing after'1978 with
a’doubling of the.exceés demand by:the yca% 1985. Thcvlower wellhead

price does not providé»enough,incentive for exploration and production

~out of reserves, but stimulates a higher level of demand in the economy.
“Furthermore, the price incentives coupled with the decreasing success

,Vratio‘aCCQUnt for lower additions to reserves compared to the amounts.

éxffacted,'with rese?vesvdecreasiﬁg to 23 million barrélé in 1985.
‘Impo?ts increasé bff??:pércent by 1980, and domestic crude oil -
ton;titutcs only 50 pefééﬁf of the total U; S. consumﬁtion. Eegnnse
of thc ré]utively lower profitability, the résorve—production ratio”
rgmuins Hipher than before.  Proven rescrves decrcase to 23,1 billion

barrcls and production out of reserves to 2 hillion burrels in 1985,

c A
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: Constant.wéilhead prices

L ! )
Under the assumption of constant wellhead prices, additions to
reserves decline very rapidly with no new oillbeing_discovered after

a 5 year period (1977-1982)." Import levels would. increase by 62 percent

" Dby 1980, and only 45 percent of total U. S. consumption will be‘suppliod

by domestic oil. The supply out of rescrves also decreases, duc to the

lack of economic incentives. Txcess demand reaches 5.5 billion barrels

_in the year 1985. As.expécted, the reserve production ratio increases

as more 0il is kept in the ground (Table 8).

Extended price controls
Under this plan, price controls on the price of crude petroleum

at ‘the wellhead are to change as follows: a) the pricec of nery

discovered oil will be allowed to rise over a 3 year period to the 1976

world price, adjusted thereafter for domestic price incrcases;-b) the

current $5.25 and $11.28 price ceilings for previously discovered oil .

will be allowed to rise at the rate of domestic price increases;
c) incremental tertiary recovery from old fields would receive the

world price. TFinally, a crude o0il equalization tax equal to the.

difference between the controlled domestic price and the world price

would be used to raise the price.of domestically consumed o0il to the
world price.

_ This scheme of pricing domestic oil at the wellhead seems to

- provide adequate economic incentives for increased efforts in cxploration

© and extraction of crude oil (Table 9). Total additions to rescrves
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double within a five year period (1977-1981) and supply out of rescrves

. : : , S . ' ~ . 9 s
increases by about 40 .percent over the same period.” Domestic pro-

duction by'1980 will constitute 82 percent of total domestic conéumption.

‘Imports will be cut by one half compared with current lcvels. Excess

demand reduces to zero by 1983 (within a 6 year period) and reserve-
production ratios are fairly low. Although the reserve-production

ratios are higher than the ratios under world prices for domcstic -

producers, the incentives for extracting oil arc substantial.
Conclusions

We have developed an cconometric model which.examines the re-
sponsiveness of petroleum exploration to prevailing oil prices. The

model consisted of 11 stochastic quations and 3 identities, and

‘the model was estimated viaAthfee stage least squarcs anhd validated

with a variety of]numerical;measuresl ‘The behavior of the model be-

.yond the sample period appeared to be quite good. Statistical results

suggest that producers respond to expected sustained price increases

‘and that if our nation's proven reserves of oil are to increase, we

musf be williﬁg to pay . a highef price.

" Preliminary indicétibns frpm‘the simulations ofjthis'study in-
dicate that rising cfude 0il prices proyide the necessary incentive to
fhe u. S. petroleum industry, for ihtensifying the exploration gffort.
Higher prices in;rease the number of new cxploratory well; drilled and.

the use of the secondary and tertiary recovery mcthods. Although a time
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1ag‘éxists‘bctwecn fhé cxbiOrgtibn‘spago and .the dovclbpmcnt of wells,
~ higher prices alsqiinduco more production out of reserves. -Conscﬁuenf-
vly, the market mechanism by itself appears tb be capuﬁlc of Bringing
about the necessary adjustments in tho domostiﬁ'rcscrvcs of-crude oil
gs.weil as the suﬁply'of domeétié crude to thc'rcfincrics. lowever,
high prices tend tbvindUCc'comparatively lower reserve to production
rétios as the amounts extracted from the ground are lqrgor than the
additions'to réserves, giﬁen the assumption of a decrcasing success ratio
in exploration. I
Eqﬁalization of‘the domestic price of,crhdcloilbat the wellhead
with thg worlduprice p?ovideS_enough iﬁcentivg to domestic produéers‘
to incrgase'exﬁloyatibn and extraction. Although under ﬁhis policy
the U. S. could Eecome self sufficient in a period of six years after
ihplemenpafion, sizeéble windfall profits would ho sccured by thc"
producers.: A constant price‘oruconstant roalvprico with base year
1976 would provide insuff:icivient incentive for domestic ’produce‘rs.
But a policy of coﬁstaﬁt réal 1976 world ﬁri;e for the domestic producers
would result in sUfficienf‘iﬁcentives'for an increasgd 0il flow, which
ueventuélly would make the U. S.'seif—sufficientVwithin a sevenbyear period:
Crude petyoleum shortaggs for agriculture will occur whenA5arket
, distorfions affect the flow of petroleum to producers of ugricultﬁralf
 inputs and heﬁce affecf thc Seasonal tlow of petrolcunm products to
farmers. If domestic oll-prices are sct at less than 80 percent of:market

prices, a potential seasonal shortage of petroleum products may occur.
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HoweVer, the potential“for'shortaggs is not the major issue. Primary
concerh rather should be directed toward technological adjustments that
need td take place within agriculture in responsc to certain higher
prices for petroleum and petroleum'produéts.

!

1
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Footnotes.

1 o .. . . . ' .
For the derivation of the estimated cquation sec Pagoulatos, Pa-

‘goulatos and Debertin, MacAvoy 'and Pindyck, Lintner, Mossin and'SHarpe.

Proven reserves according to the American Petrolcum Institutc are

. " . .' v. 3 I '. : 2
the estimated ‘quantities of crude oil which geological and engineering

data demonstrate with reasogable certainty to be recoverable from known
reservoirs under existing economic and operating conditions. Although

proven reserves. are known with a probability of one at any given time,

indicated and inferred reserves can be considered given lower probabili-

'

ties.. Also, the percentage of 0il recovered from any given deposit has

been increasing with cumulative recovery efficiency rising from 25 percent

in 1955 to 33 in the 1970's. Secondary and tertiary recovery with ex-.

pectations for higher prices as they become more economical will be increas- .

iﬁg.the cumulative recovery efficiency; thus increasing the extensions of
proven reserves és well és the revisions. Abqut SO pefccnt of thec oil
from the resérvpirs discovered to dﬁte is still in the grdund (Risser).

The equilibrium pafh that the pricc of a nonrenewable resource
should. follow to the point of exhaustidn is such thnt.not'price is iﬁ—_
creasing exponenfiaily af a raté cqrrcsponding to the interest rate,
unlessvtechnologiéal progress affects productiou (Adelman, ipple, lotel-
ling,_Nordhaﬁs,Aand'Solow]. | |

*rhe pfocéésing géin fepreseﬁts approximately 3 percent of the total
supply of refined products over the 1959—1972_bcr€od.

5The Energy Policy and Conscrvation Act provides for a Strutégic

Petrolewm Reserve in order to reduce the impact of disruptions in

v



supplies of petroleum products. The Act requires storage of at least
, S A :

150 million barrels of petroleum products and crude oil by December 22,

1978, and authorizes the storage of up to 1 billion barrels by lecember

22, 1982. These amounts of crude oil will have to be added in our
calculations of demand.

The assumption of a decreasing success ratio is conscrvative in
that despite the past trend, future offshorc leasing may stimulate
larger average discovery sizes per well drilled. TFurthermore, over
the sample period the success ration increcased at a rate of 0.5 percent

per annum.
7o : ) : . : g

World prices are assumed to increase at an average rate of 10
percent per yecar. More recent moderate stands taken by OPEC cast some
doubt on the likelihOOd of this scenario.

8. . L X e U .

The figures include. the 9.6 billion barvels located in Prudhoc

Bay,: Alaska, in 1968.

~

9. . RSN : " . .
Our calculations are based on the 1976 world pricec-and an increase

thereafter of 6 pefcent per year.
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Table 1. [Petroleunm Iixploration‘1

New 011 dleOVCIlCS

(1) DC =

ADSZ X TID

New exploratory wells

T . . 20 52 2, .2 e
(2) TEDt = 77747.5 --69778.8 ACWt - 2581.9 INIt + 0.0066 [400 ADbZt (Pt_‘ + pt-ﬁ + Pt-3) /9 + 40( S_hh (NG -1
(3142.4) (6577.0) (562.2) (0.0014)
2 s . . .
+ ! . - b H ! NG WG K
PNG, _, * PN, _5)7/9] - 0.00114 [ADSZ_ (P, "+ P, + P, o/3) + SZNG, (PNG,_, + PNG__, + PNG /3|
’ (0.00025)
Average discovery size of oil . .
- (3) ZnADSZt -74.75 - 0.0815 ZHADSL gt 15.3O,ZnSUC‘t‘1 - 1.45 Z.nSZN(}t_1 —-0.441'an’t - 1.31 ZnRNGt
(12.8) (O 0353) : (2.41) (0.08) (0.449) (0.27)
Average discovery size of gas .
4. ZnszNGt = -54.29 - 0.245 ZnSZNGt_l +10.08 InsUC, , - 0.0235 InADSZ | + 0.911 InPNG *+ 1.74 InP
(29.93) (0.176) . (5.19) (0.0078) (0.819) (3.84)
_ Success ratio
(5). InSUC_ = 2.48 - 0.432 1nSUC, | - 0.0148 InADSZ, ;- 0.0148 InSING | + 0.610 Znutvt
' (0.60) (0.140) (0.0022) (0.0046) ©(0.043)

Price of crude oil

(6) ZﬁPt

= -5.25 + 0.0000013 ZnPNGt-— 0.120 InREF + 0.0000015 In {1.1 (0.05 DlSTRt_j + 0.35 DISTRt-ﬁ)] + 0,702 IaPd

t-1

(1.07) (0.0000008) (0.028) (0.00000008) (n.102;

Definition of variables

bC

SUC
ADSZ

SING
ACW
CINT

PNG

REE

DISTR

.

= new oil discovéries, measured in 42-gallon barrels. Source: (American Petroleum Institute, API).

number of new exploratory wells drilled (total productive and dry holes drilled ecach year). Source:
(AP1}.

success ratio (ratio of productive to total new wells drilled).

average size of new oil discoveries (ratio of new discoveries to total productive and dry holes).

average size of new natural gas dlscoverles (ratio of new discoveries to ‘total productxve and dry holes).

Source: (API).

average cost per exploratory well drilled (in dollars). Source: (API).

“interest rate (price of commercial paper 1 to 6 months). Source: (Federal Reserve).

’ .
price of natural gas liquids at the well head (dollars per barrel). Source: (U.S. Bureau of Mines,
USBM) . v

price of crude 0il at the well head (dollars per barrel). Source: (USBM).
average depth of new exploratory wells (in feet). Source: (API).
refining capacity utilization. Source (API)

sum of domestically qupplled refined products, net of imports, e\ports and chnnge in pctrolcum stocks
(42-gallon barrels). Source (USBM)

a .
(Standard errors are in parcntheses).

IR
e
S -

ETn T




®

(7) TR ‘R, + DC, + EC, + RC

(8) InEC, = 5.82 - 0.0623 LnDC

Tqblev2

Reserves generation

Total reserves

~

t-1 t t -t

Exten51ons of reserves

-0.201 n0C,__
(0.035)

-1
(1.64) (0.0346)
0.05 P, )]
Revisions of reserves
(9) RCt = 1018942.79 + 0.095 ARt-lf

(166043.42) (0.033)

Definition of variables

TR = total reserves, beginning of 'year (in 42-gallon barrels). Source:

+ 9.83 In[1.05 (0.75 P + O.2-Pt_7

C(1.10)

t-1

(APD) .

R = crude petroleum reserves (proved reserves at the .end of the yeo ar), measured in

42-gallon barrels. Source:

(API).

~EC = cXtensions of 0il reserves, in'42—galion barrels. Source: - (API).

(3

RC = revisioﬁs of established reserves (42—gailon barrels). Source:

(APT).




‘Tablc_Sﬂ 0il for Refined Products

Total refined liquids
; ’ = \/ N ./
(10) :DISTRt S_t‘+A>Mt + \Gt +'GAt'

Prodﬁction out of reserves S :
(11) 'S, = 26796754.3 + 14919184.5 In[0.5 P, '+ 0.3 Py o+ 0.2 Pt_s)] + 45.05.TR - 1222577.01
(4744257.7) (3783596.7) ' = (5.80)  (80744.7)

- "’)"“_ . ’ - INT _A‘
{1.05 [0.35 (PRO, , INT, 1) + 0.25 (PRO, _, - INT_ ) + 0.2 (PRO, 5 - INT, .) 0.2 (PRO, , -

™)1

. Imports of crﬁde~oil | . : _ _ .

(12) . InM_ = 18.58 + 0.95 LM |+ 1.26 Zn§£ - 0299 TnPM - 4.28 InREF,
(2.88) (0.12) (0.30) (0.185) (0.65)

Addition of natural gas liquids _
(13) ZnNGt =-12.74 4'0.0976 Zn(Pt/PNGt),+ 0.332 InT?
(0.583) (0.0590) ©(0.026)

Processing Gain - L _ S . , o . i
(14) InGA, = -36.49 - 3.93 NG, + 6.59 (S, + M) + 1.95 InT? ’
 (32.65) (2.61) (3.66) (0.46) - . S

Definition of variables

S = pfoduction of crude oul (thbusands of 42—galloh barreis). Source: (API)
PRO = profit rate on equity of petroleun industry. Source: (First National City Bank).

M = imports of crude petroleum (§.1.1.¢.: .334.01).  Fjgures converted to thousands. of 42-gallon
barrels from metric tons. Source: (United Nations). '

PM = import unit price (value f.o.b.). Source: (United Nations).

NG = natural gas liquids added (thousands of 42—gnl10n'barrels). Source: (A1),
G\ = processing gain (thousands of 42-gallon barrecls). Source: (API).

T = linear time trend.




Table 5.--Historic Simulation and Projection of Selected Variables.

Total Additions : a o Supply bfa Reserve
to Reserves . Total Reserves - Production™ ~ Production Ratio
Year Actual Simulated Actual - Simulated Actual Simulated Actual  Simulated

1959 3,666 3,427 © 31,719 31,411 2,574 2,417 - 12.3 - 12.9
1960 3,365 2,340 31,613 131,369 2,574 2,581 © 12,2 12.1
1961 2,657 . - 2,527 31,758 - 31,954 2,621 2,529 1 12.1 12.6
1962 2,180 . 2,320 31,389 - 31,275 . 2,676 2,641 - 11.7 11.8
1963 2,174 - - 2,343 . 30,969 31,439 - 2,752 . ¢ 2,662 11.2 11.8
1964+ = 2,664 2,434 30,990 30,901 - . 2,786 - 2,972 11.1 10.4
1965 3,048 3,272 31,352 . 31,100 2,848 3,024 . 11.0 19.1
1966 2,964 - 3,162 - 31,452 31,193 . 3,027 3,169 10.4 9.8
1967 2,962 2,951 31,376 30,964 3,215 3,179 9.7 9.7
1968 2,454 2,282 30,707 30,556 3,329 3,178 9.2 - 9.6
1969 2,120 2,258 29,631 29,320 3,371 3,494 . 8.7 8.4
1970 12,688 10,163 - 39,001 36,196 3,517 3,387 11.0 10.7
1971 2,317 2,277 38,062 35,056 3,453 3,417 11.0 10.3
1972 1,557 1,459, 36,399 33,068 3,459 3,447 10.5 . 9.6
1973 2,145 2,100 © 35,299 31,808 3,360 3,287 10.5 9.6
1974 . 1,993 2,000 - .34,249 30,595 3,202 3,213 10.6 9.5
1975 1,518 1,312 32,682 28,719 3,052 3,188 - 10.7 9.0
1976 . 3,094 3,121 32,400 .- 29,008 2,825 2,832 11.4 - 10.2

Flourcs arc ten thousand barrels

1nmulated values are plOJectlons using Coeff]kltﬂt\ de11vcd from The ]939 72 sample data.
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‘Table 6.--Impact of Raising Pomestic Crude 0il Prices ut the
Wellhead to World Prices, 1977-1985

Total additions™ Total Supply of " Ixcess’ Production
Year - - to Reserves-. ‘Reserves Production” Demand Ratio

1977 1,497

32,797 3,450 13 s
1978 - 1,876 o 30,783 3;890% | 1.0 7.9
S 1979 2,103 | 28,570 4,317, © 0.6 6.6
1980 2,530 26,665 4,435 0.6 6.0
1981 2,922 - 24,017 4,590 0.4 50

1982 ' 23,1000 22,101 .5,018 | 0.1 3.1

|R°]
4
o

1983 5,256 21,910 5,447 -0.
1984 6,370 22,315 5,965 B T T

1985 7,106 23,393 6,028 -0.7 5.0

?Million barrels.

’bBillion' barrels.



Table 7.--Impact éf Raising Wellhead Prices Five Percent Per Year, 1977-1985.

, . . ‘ : Rescrve
Total additions - Total ‘ Supply of Excess  Production

Year to Reserves _ ‘Reéerves " Production. Demand - Ratio
1977 1,195 . 31,996 3,050 1.7 ©10.5
1978 1,365 30,258 3,103 1.7 9.7
1979 1,238 28,473 | 3,023 1.9 9.4
1980 1,303 26,877 2,809 2.2 9.2
1981 1,372 . 25,460 2,787 2.4 o
1082 1,475 24,300 2,637 2.6 9.2
1983 1,692 © 23,500 2,483 2.8 9.4
1984 1,853 23,176 | 2,186 3.2 10.6

[S]

1985 2,065 23,185 2,056 3.5 11.
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Table S;——Impactfof Constant Wellhcad Prices, 1977-1985

Tofal additions Total - Supply of Ixcess r§2352¥?on
Year to Reserves Reserves Production Demand Ratio
1977 1,129 . 31,300 3,013 1.7 10.4
1978 1,077 29,512 2,865 2.0 10.3
1979 . 933 27},838 : 2,607 2.3 10.6
1980 :  808 26,369 | 2,278 2.7 . 11.5
1981 703 26005 1,879 3.4 15.4
1982 --'_~ 23,774 | 1,419 %8 0.7
1983 . .-- 23,700 — 53 -
1984 - 23,700 .- 5.4 -

1985 -~ 23,700 - - 5.5 -




)

Table 9.?-Impact;of Extended Price Controls, 1977-1985

_ . S ‘Reserve
Total additions - Total .. Supply of Excess  Production
Year to Reserves Reserves Production Demand Ratio
1977 - 1,385 -[31,996 3,150 1.7 10.4
1978 1,650 o 30,156 | 3,490 | 1.5 8.6
1979 1,890 32,046 . 3,095 0.9 8.0
1980 2,410 30,273 483 0.0 T2
1981 2,708 28,61 4,364 0.6 6.6
1982 2,887 : f,; 26,825 4,679 0.4 5.7
1983 “4;550 o 26,605 .A 5,170 . o - 5.1
1984 os,700 ﬁe,é7o 5,635 0.3 a.°

1985 . 6,780 . 27,800 | 5,650 0.3 10
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