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An examination of the responsiveness to economic incentives

of the U.S. petroleum industry is vital if the nation's oil supply is

to be maintained or possibly increased. The identification of crucial

variables that regulate oil flows can provide insights abéut the likely
impacts of alternétive petroleum policies on the generation of reserﬁes
and ultimately the prices and availability éf crude oil products to
the consumer.

The objective of this paper is to examine the responsiveneés to
price incentives‘bf petroleum exploration, the generation of proven
reserves and the production out of reserves in the United Staées.1

First, a theoretical framework of oil extraction and supply is developed.

Next, an econometric model consisting of 11 stochastic equations and

3 identities represents the decision prbcesses affecting the supply

of new. discoveries, the increase of proven reserves and the'productibn
out of reserves.2 The parameters of the strucfural relationships are
simultaneously determinéd and are estimated by threé—stage least squares.
Finally, the sample period performance and predictability of the model

are evaluated.

The Discovery and Extraction of Crude 0il

‘.Tﬁe domestic crude oil producing industry is subdivided into three
stages: exploration, development, and extraction. Exploration consists
of the geological and geophysical analyses which locate potential
0il and/or natural gas aeposits, and the drilling of exploratory
wells. Once oil or gas has been discovered by exploration, development.

wells are drilled to estimate "proven' reserves. Finally, extraction



from existing wells occurs thrpugh the Utilizatioﬁ of a numher_of
different récovery methods.3 It can thus be said fhat petroleum
exploration and development create new reserves. The amount of available
reserves in turn influences the.decisions concerning extracted oil'to

be refined in petroleum products. In what follows, close attention

will be paid to the decisioﬁ'making_behavior affecting all indusfry
.stages beginﬁing with the flow of 0il to the refineries and working |

upstream to the exploration stage.

Total Refinery Inputs.
Crude oil is used in the refinery process, along with natural
- gas liquids, for conversion into a number of refined products, e#ch
suited to particular uses. Therefore, the demand for oil is derived
from the aggregate of demands for refined products. The primary
- inputs to the U.S. petrdleum refininé industry are domestic crude
0il, lease condensate, naturél gas liquids and oil imports. . In the
past, domestié supplies constituted the bulk of primary inputs, buﬁ
in recent years thé contribution of importedoil has grown rapidly.
The various inputs into the refinery process at time period t can
bé summarized by the following identity:
DISTR, = S, + M_ + NG_ + GA, ' , o | - (1)
| where the supply‘of crude oil and leage condensaﬁe (St), oil imports
(MtJ, the amount of natural gas liquids (NGt)‘added for the refining

processes, and the processing gain (GAt) realized in the refineries

should sum up to the total amount of refined products produced'(DISTRt)



during a‘particular year. Natural gas liquids and the processing gain
have been a relatively small proportion of total inputs, averaging about

14% and 3% of total supply respectively over the 1959-1972 period.4

Production Out of Reserves
Given the demand‘fof refined products, éecisions must be made
concerning the rate of crude oil production out of reserves. It must
‘be noted that most costs of o0il production are for éxploration and
development, and are incurred before production begins. The supply of
domestic production is determined by the marginal cost of developing
existing reserves because'of.the desire to balance annual flows with
reserve levels. Marginal production costs will, therefore, depend on
:reserve levels relative to domestic production, and as the reserve to
production ratio declines, we would expect marginal costs to.rise
sharply.s This is because the greater the output, the more 0il must
be drawn from high cost,‘ distant, low-quality sources. The average
fixed cost per million barrels falls until all oil is extracted. in a.
given‘time period, the lower is the quantity deﬁanded, the more output
wili be concentrated in.the low-cost fields; and the greater the
quantity demanded, the more oil will be called out from the higher cost
supplies in response to actual or expected price inéreases.
Development of new production éites will be undertaken only if

. the expected price of 0il covers all costs including a normal return
oﬁ investment an& a risk allowance;6 Complex interrelationships exist

" between oil prices, the cost of production, investment decisions and



production out of reserves. A short-term gult may send éurrent prices
down. If this was expected to be a témporary conéition, and long-run
price expectations werd ﬁigh enough, development might continué even
at low current oil prices.7' The p?oduttion rate_oui of reserves
responds to expected rather than current prices.

| Price expectations are represented in the model by a distributed
lag of past prices (EP) and thé opportunity cost of investing in | |
' petroleﬁm pro&uctionris expressed as a distributed lag of the difference
between net price and the rate of interest (EZ).8 The marginal pro-
duction {development) cost (MCO) is an exponential function of the
supply of production (Sj; reserves at the beginnihg of the year (TR)
~and the opportunity cost of extracting the exhaustible stock resource
(E2):°

(h,5, - h2TRt - h

17t EZy)

MCo, = hoe 3 (2)
Setting expected prices equal to marginal development costs and taking
the logarithms of both sides, the equation to be estimated becomes:

St = c0.+ cllnEPt *c, TRt + CSEZt . . (3)

lﬁpofts, Natural Gas Liquids, Processing G@in and Price
Imports of crude petroleum afe assumed to respond to domestic
economic policy as well as the price of imported crude oil (Burrows,
1970; Adelman 1972).  The price of.imports can be treated as exogenous
~ to the model sincé it is determined in the world petroleim market.
Current imports (M), viewed as demand for foreign crude oii, are a function

of imported oil in the previous time period, the price of imports (PM),



the domestic supply of crude (S) since import quotas were set on the

basis of'domestic output, and the utilization of domestic refining capacity

(REF) which acts as a capacity constraint:

M, = £(M PM,, S, REF) | (4)

t-1* "’ .
A negative relationship between imports, import price and domestic
refinery capacity utilization is expected,

The refinery process utilizes not only crude oil and.lease
condeﬁsate but also natural gas liquids. The amount of natural gas
liquids added, because of economic and technological factérs, has

been steadily increasing over time. The quantity of natural gas

liduids (NG) is positively related to the price of crude relative to

2,10,

the price of naﬁural gas liquids (P/PNG) and a time trend (T
NG, = f(Pt/PNGt,.Tz). | (5)
The processing géin represents the éxpansion of fuels owing‘to
some réfining processes such as reforming and cracking, and is the
'final'COmponent needed tﬁ determine the total amount of refined'
liquids. The quantity of processing gain (GA) increases in direct
proportion to the amoﬁnt of crude 0il and lease condensate run through
stiils {8}, and.declines in proportion to the amount of natural gas
liquids added for refining (NG). A curvilinear time trend [TZ) has
been addedlto the estimating equation:
GA, = E(NG,, S, T°) - | o (6)
| The price of crude o0il {P) is assumed to be poéitively related

to the sales of refined products, the price of crude imports (PM),



and the price 6f natural'gas.(PNG), and negatively reldted to the
extent of refinery capacity utilization (REF). A‘distributéd lag of.
the sales of refined products (DDISTR) rather than actual saleS are‘
used, because a sustained increa#e in sales of refined products must occur
if the price of crude petroleum is to increqse._ Hence, the price
equation of the model is:
P, = £(PNG,, PM,, REFt, DDISTR, ) | S
Sﬁpply of New Reservesr
The decisions concerning crude oil production at the well-head
are influenced in large part by the amount of oil reserves available
in any time period. Additional reserves coﬁe from new diséoveries,'previous
discovery extensions and revised estimates of previous discoveries.
.Thus for any time period t, total proven reserves of crude oil (R].are giveﬁ
by the identity: |

R =

¢ Rt_l + DC,_ + EC_ + RC_ - 8 | (8)

t t
where extensions (EC), revisions (RC) and new discoveries (PC) during
the year are combined to form additions to reserves. The amqunts of
“crude. oil extracted (s) are the only major subtraction from Teserves.
:.Cpﬁdé 0il reserve extensions (EC) vary positively with expected
prices (EP) and inversely to the amounts of crude previously discovered
through exploratory drilling. Economic incentives account for the use
o of_either new technologies or making'present seéond&ry and tertiary
reqovery methods eaonémical. Furthermore, if discoveries (DC) at any'.

point in time are small, an incentive exists for the recovery of oil



from already existing reservoirs by recovery from greatcr depths
The equation to be estlmated becomes:

ELt = £(DC bC

t-17 DCepr BPY) | 9
where EP represents expected prices expressed as a distributed lag of
the crude o0il price. | |

Apparently, revisions of established reserve leveis (RC) dd not
respond to any specific ecbnomic or technological variables (MacAvoy
'and‘Pindyck, 1975, p. 78). ‘Therefore, revisions are assuméd to be
proportional to changes in reserve levels (ARt~1):

ORC, = £(R, ) - ()

The supply of additional proven reserves (DC) is generated by -
' determining the number of exploratory wells drilled (TED) and the
average discovery size per well (ADSZ) The amount of new dlscoverles
is then the product of discovery size and wells drllled

BC, = ADSZ, x TED,. | ' 1)

In geophysical exploration, as the'méjor structures (oil pools)
are discovered and tested, the search must increasingly turn to more
subtle structural features {in terms of difficﬁlty of drilling, thickness
of the productmve stratum and permeablllty of the formatlon) Generéliy,
deposits occurring in such features are less prOllflC producers than
prevaously found flelds in more favorgble structuresi

Even_if adequate incentive exists fo.encéurage-an intensifiedf
exploration effort, physicai capacity limits the amount of exploration
that can be accomplished within a given period of time.“That limit is

determined largely by the number of available drilling rigs and the



rate at which the drilling can be done. Considerable progress has been

~made in increasing drilling speed and lowering drilling costs. Further

improvements not only will speed up the rate of exploration and site

development but will also make some sites, which. previously did not

~warrant development, economical.

It follows that price incentives ndt only inflﬁence .the amount of
exploration, but also determine exploration characteristics. Higher
incentives, for example, lead to more wildcat drilling on poorer
prbspects. Thus, the decision concerning the number of new exploratory.
wells drilled (TED) depends upon the inter-relationships between
expected returns; costs of production and risk.

‘Féllowing the work of Lintner, Mossin, Shéfpe,‘and MacAvoy and Pin&yck _
f1975), we assume that risk can be‘representéd by the ﬁariance of expected ..

net dollar receipts. Hence, the present value in certainty equivalent

terms of the net cash flow to the jth firm (Vj) is given by:

Vi= (/m) (ry - xog) - ‘ | a2
where: '

¥3 = B (ﬁj), the.expected net ?efgrn cash flow tg firﬁlj

Gj = the variance of ﬁj

A = an index of risk aversion

r =a 10ng—terﬁ market réte of interest.

Each firm will make drilling decisions which maximize Vj' Since

 wells may supply either oil and/or natural gas, the expected net return

E(ﬁj) from drilling a number of wells by the jth firm (TEDj) can be

expressed as:’



P P SRR E TR T

E(i;) = TED, [K(P; ADSZ; + PNGy SING,) - (Cy + C)] (13)
where:
k= a multiplicative constant accounting for discoféries ihat.
may be extended or revised at a latef date.
'Pe, PNG = the expected prxces of crude oil and natural gas respectlvely
~ ADSZ, SING = the average discovery size of crude oil and natural gas
respectively, and
Cd’ Cx = the expected costs of development and exploration
respectively.

Total éxploration costs and subseqﬁent total develbpment costs can be
éxpreSSed following&bcAvoyand Piﬁdyck(iQ?S) as a functién‘of.ghe numbei
of wells drilled (TED } and the average cost per well (ACW ) for the jth
flrm. The equatlon which holds for all firms and maximizes net cash flow.

is:

TED =y, + vy (P ADSZ + PNG,SZNG) + v, R + y5 ACH (14)

whére R is the variance.of dollar receipts over all the exploratory
wells drilled.ll Because of the time-lag between investmenﬁ_outlays_aﬁ§:
the accrual of revenueé, the iﬁteres£ rate (INT) isriﬁcluded és“an |
additional variable. The estimating equation for the number of neﬁ 

exploratory wells drllled at time t by all flrms becomes

. . ’ ) : 2
TEDt = f{ACWt, INT,, [40 o ADSZ P t Lt Peg tPLg) 2/g + 40 G SZNGY
(PNG,_, + PNG_ ., +. PNGt 5) /91, [ADSZ, (P, ; + P, o + P, )/3 + -
o
SING, (PNG, , + PNG,_, *+ PNG_ . /3] (15)
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where % and g -are estimated variances of the error terms associated
with the equations of average discovery size of oil and natural gas
respectively.

The determination of the average size of discovery for crude oil

~and ‘natural gas depends upon economic as well as geologic variables

affecting oil pfoépects. Fisher's study of wildcat drilling and
discovery has shown that for economic as well as geologic reasqné,
small prospects considered by operators tend to be relativély.certain
and large prospects relatively risky. This is because large prosﬁects,
by offering large potential returns on investment, attract operators

willing to take higher levels of risk. than do small prospects. Fisher

also suggests that there are many more small prospects than 1afge

prospects to be discovered. Hence, small price increases should
greatly increase the number of small prospects deemed'worth‘drilling.,
He has further argued that operators prefer to drill the smaller but

less risky prospects as prices increase. Under such conditions an

increase in price may actually decrease the average size of prospects

which are drilled. Even though higher oil prices would be expected to

result in more driiling activity in the short-run, the averége'discovery

- size is 1ikeiy to decrease over time because the finite stock of oil and

gas is depleted.lz

Thé,seérch for'oii:and gas:isAcarried.out'jpintlyl' Becﬁusé:éf'their=
common occurrence, new oil &iscove:ies are assdciaﬁéd with discove:ies
of natural gas. The higher the ratio of past gas disco%eries to pasi

0il discoveries the higher will be the probability of finding oil. The
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discovery of large gas fields may act as an incentive for the drilling
of large but potentially risky prospects.
The equations representing the average size of discovery for oil

(ADSZt) and gas (SZNG£) are:

It

ADSZ f{ADSZ
t t

BE SUthl’ SZNGt—l’ Pt’ PNQt) | P : (16)

:‘and

1F

suC ADSZ p 'PNGt) o un

SZNGt t"}.’. t_l} t""'l’ t’

f{SING
where (SUCJ‘is the success ratio defined as the ratio.of productive
to total new wells drilled, and (P), (PNG) are the price of ﬁrude oil
and natural gas at the well head, réspectivély.13 In furn, the success
‘ratio at any time period is a function of the success ratio in the
previous time period, the average size,éf discovery for crude petrolpum
(ADBSZ) in the previdds period, thé'aVerage size of discovery of natural
gaé‘(SZNG) in the previbus period andlthe depth'di which‘expioration
is taking place. .Hence.the following relationship is estimated in
order to complete the model:

suc, = £(SUC ADSZ SZNG DEP,) . (18)

t-1’ t-1’

where (DEP} is the average depth of new ekploratory wells}

t-1’

Thus the structural model to be estimated con$ists of eleven
behavioral equations_éorresponding to equations (3);'{4),'(5), (6}, -
(7), (9), (10}, (15), (16), (17) and (18) in this'sectipn. Finally, three .

identities (lj, (8) and (11) compléte'the model.

Statistical Results and their Interpretation

The estimated model consists of 11 stochastic equations and 3
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identities. Several of the endogenous variables are 51mu1taneously
determined and both two and three stage least squares (3SLS) estimation
methods were used. The three stage least squares coefficients prescnted

hadrstandaid erfors somewhat lower than the two stage least squares
coeffiqients.f The resuiting estimates are suﬁmafizéd in Table 1, while
data.sdurceé, transformations and the vafiableé utiliéed are summarized
in Table 2.

Coefficients for most parameters estimated via 35LS were substantzally
larger than the respective standard errors and signs agreed with hypothesized
 results thfoughout the model.

Expected hlgher prices constitute an incentive to increase exploratory
drilling for the dlscovery of crude oil through the expected hlgher

proflts 1mplled Furthermore the effect of the success ratio inm t-1

(SUC ) in equation (4) is negatlve, because of the inventory depletlon

effect, and positive in équation (3) because of the '"incentive-toward-

' 1axgér—prospects effect,"14 The success ratio furthermore is positively

related with depth in that the dee?er the exploratory wells ate &ug

: ,thé 1arger the expected success rafio tends to bef

The averagé size of natufai ga§ disco&eries‘(SZNG) becomes

1mportant in crude oil exploratlon because the two products are
ij01nt1y produced; Prlor dlSCOVBTleS of natural gas (SZNGt 1) 1nd1cate
“possibilgty of findlng'crude 011;15‘ Since large’ prospects are more

t-1

success ratio in equation (4). But, because of inventory depletion,

‘Uncertain than smaller ones SING, ., must be positively related to the

the average size of natural gas discoveries decreases over time as does
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TABLE 2.+-LIST OF VAREARLES AND DATA SCHRCES

TED = mumber of new exploratory weifs drilled {total productive and

dry holes'drilied cach year}. Source: (American Petrolcun

Institute, APT).

SUC = success ratio [ratio of productive to total now wells driticdy.

ADSZ = average size of new oif discoveries (ratio of now discoveries

to total productive and dry holes}).

SING = avérage size of now natural pas discoveries {rotio of new dis-

coveries te total productive and dry hales}.  Source:  {AP}).

DG = new oil discoveries, moasured in 42-galion harrecls.  Sourge:

(APTY.

W = extensions of oi! reserves, in A2-miilon barrels.  Sonrce:

(AP},

R = total reserves, beginning of year (in 42-pation harrcis),

Source:  {API).

BEP = average depth of new oxploratory wells {in feet).  Source: (APD),

o
Eed
"

exponditures for explovation and drititng (in deliars}. Source:

(APT).

ACW = average cost per exploratory well drilled (in dollars). Sourde:

(APT}.
R o= ¢rude petroloum reserves {proved roserves at the ol of the year), .

measured in d3-gation hurrels. Source: {APLY.

PNG = price of naturnl gas liquids at the wet! hesd {dollars per

S

PRO

Ihf
REF

NG

GA

aISER

RC

barret). Seurce: (LS. Burcau of Mines, HSBM).

= price of crude oil at the well head (dollars per barrel).  Source:
{UISRMY .
= production‘of crude oil {thousands of 42-gallon barrels). Source:
{AP1) .
= prﬁ%it rita on enquity of petrofeum indostry. "Seurce:  (First National

City Bank). ]

= interest ratcr{pricc of commnfcinl pnpo; 4 to 6 months),  Source:
(?oﬁcruf foserve). . ‘

= imports of crude petroleum {5.1.7.0. 0 331.01). PFighros unnvcrtug
to thousands of A2-palton barrels {rom metric tons,  Soureey

C{Uinkted Natlens),

= tmport unit price {value f.n.h:). Source:  (Hnited Nations).

= ro{}ning.capncity ntifization. Source: [AP}).

= nntural pas iquids added {thousands of 42-aalleon barvels.)
Scurcc:' {APTY .

= processing gain {thousands of 42-gnilon barrels). Source: (A1),

= lincar time trend.

= sumt of domestically supplicd refined products, net of imports,
;xporfs and change in petroicum stocks {4é~gnllnu harreis].
Source:  (USRM}.

= revisions of estabiished rescrves (4Z-gaiion hﬁrrcls}. Source:

eArT).

Lt Yy
:H&“:.
ﬁv"?:’ve:' )
. |
i

.
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the average size of cruae oil discoveries.
Extensions of cru&e 0il reserves (EC) respond positively to inéreased
expected prices which make secondary recovery methods more profitabie,
especially if récent additions to reserves (DC) are‘relatively small.
'Productlon out of reserves (S) aiso responds positively to expected
prices, the amount of proven TesServes and the relatlve profltabllty of the
. petroleum industry. - “The inclusion of current price levels rather than
.éxpe;ted‘prices in an alternative formulation of the model did not yield
significant'resulfs (Pagoulatos, 1977). The implication of both the
theoretical framework_and the empirical results is thaé the prevailing
price during each time peridd may or may not be positively relgted £0
-lpfoduction out of reserves. Production out of reserves increases mainly
in response to a sﬁﬁfained rise in prices.
Imports of crude petroleum are as expected inelastic with respect
~to the impoft price (the elasticity is 0.21) partly because of
the quota system existing over the sample period.. The pricé of crude
responds not only to the expecied demand for refined products but also

to the capacity utilization in refining and the prevailing import price.

Model Validatioﬁ'and Pfedicﬁion
An exfensiﬁé number of Valiéation'meésureé were'calqulated to
evalﬁate the.efficacy.of‘the ﬁodel_és a ?redictive device'withiﬁ tﬁe
- sample period. Values for Rey validafion measures are ﬁresented in
Table 3. The comparatively low Root Mean Square Errors for all

equations suggest that the model could reproduce sample data with a

e ——— A A —a—— -
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.high degree of accuracy. Botﬁ the originél'Theil coefficient (Theil,
1958) and the new-Theii coefficient were ;alculated (Theil, 1966, é. 28)
with similar results {See Table 3, Theil coefficient’ No. 1 and No. 2
respecﬁively}. The Theil coeffiéients‘were near zero for ali eduations
further substaﬁtiating the efficacy of fhe_model within the sample .
period. Regression'coefficients of actual on prediéted values wéfe
also near one. The correlations between actual and ?redicted‘valu05'
were high for all equations except equations (3) and (6) of the model.
To further evaluate the accuracy of the econometric model for

policy purposés, predictiéns for three important variables generated

by the médel (dOmegtic production out of reserves, the price of crude

oil at the wellhead and crude oil proven reserves) were simulated using

data not only from within (1959-1972) but also beyon& the sample period =

.(1973~1976), Even ghough theldata for the period 197371976'wéfe not
used ih,the derivation of coefficients‘in the.model; the simulated
results reveal that the model will predict for years beyeond the sample
?eriod with érhigh degree of accurgcy [Table 4).16 For most equafions
the model predicts a high proportion of the turning points over the

period 1959-1976.

§ummagx‘
We have developed an econometric model whi.ch examinesithé

responsiveness of petroleum exploration to prevalling oil

prices. The model consisted of 11 stochastic equations and 3 identities;

and the model was estimated via three stage least squares and validated

it S ane. Sl s naty ol
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with a variety of numerical measures. The behavior of the model beyond

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 must be willing to

pay .a higher price.
Expected higher oil prices, to the extent that they imply expected
higher profits, constitute an incentive to increase both exploratory

drilling activity and secondary and tertiary recovery of oil.

oy

[P
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FOOTNOTES

We are grateful to E. Clayton, R. Sorensen, A. Randall and J. Havlicek
for helpful comments and the Center for International Studies of the
University of Missouri-St. Louis and the Kentucky Agricultural
Experiment Station for financial support.

The results preéented in this study are a portion of a larger. and as
yet unfinished effort to explain the behavior of the U.S. petroleum
industry that combines the exploration and production of crude oil

with the production of refined petroleum products to form a complete
system.

: 2A number of econometric studies of the domestic petroleum supply have

appeared recently. Fisher (1964) was the first to estimate supply

equatlons for the U.S. petroleum industry. The influence of Fisher's model
ig evident in subsequent empirical studies. This model has been further

utilized and amplified with reference to crude oil supply be Erickson,

Millsaps and Spann (1974) and Epple (1975)}; and with emphasis on natural
gas supply by Khazzoom (1971) and MacAvoy and PindycKk (1973 and 1975);

3F0r a more detailed dOSCTlpthh of thc technical aspects of crude
oil productlon, see Epple [1975, pp. 5- 11]

¥

Items left out of the identity, such as exports of crude petroleun,
change in stocks, etc., constitute less than one percent of the total
-amount of refined products.

Thls argument was first made by MacAvoy and Pindyck (1973) for natural
gas production. The same underlying assumptions held in the case of

" crude o0il production. A reserve-production ratio of about 8:1 is
usually maintained by oil producers (Risser, 1973). Hence, an increase
of approximately elght million barrels of recoverable reserves is usually.
needed to maintain a one million barrel increase in production. But, '
since present technology recovers only about 40 percent of total
proven reserves, a discovery of 20 million barrels of oil would actually
"be needed to increase productlon by one mllllOH barrels

6The plannlng horizon coincides with the dcpletlon of the resource.. The

equilibriwn path that the prlce of a nonrenewable resource should folloW"
to the point of exhaustion is such that net price is increasing
exponentially at a rate corresponding to the interest rate, unless.
technological progress affects production (Epple, 1975; Hotelllng,

1931; Nordhaus, 1973; Solow, 1974).

’See Adelman (1962 and 1972).



8The form of the distributed lag utilized is the following (Griliches;‘lgéf);

EP. =8 [w. P, +w P, +w, P

t =u

0 t 1 1 " t-2 2 t—3} t

where:

= Bi/Zij andzziwi = 1. TFurthermore, ug is a random variable.

gThis formulation is appropriate for a decreasing reserVG—pfoducfion
ratio., MacAvoy and Pindyck provide evidence concerning the exponential
nature of the function. (MacAvoy and Pindyck, 1973 and 1975).

10
The time trend is 1ntroduced in order to deplct a. possible curvilinear

relationship.

l1For the derivation of the above expressions see MacAvoy and Pindyck

(1975, pp. 67w71 and l32~133).

12 This conc1u51on has- been supported by Frlckson, Mlllsaps and Spann

(1974)
13See Erickson, Millsaps and Spann (1974) and MacAvoy and Pindyck (1975)
on the derivation bftthe'joint supplies of oil and natural.gas.

14Thls point comes more clearly across in this study, because of

the district-distinguishing effects, invelved in Fisher's study (1974).
‘As Fisher argues the effect of inventory depletion is to reduce the
number of small prospects that would otherwise be drilled so that the
~average discovery size increases. . A rise in SUC is accompanied

- : t-1
by a fall in SUCt. :

Sprevious studies have obtained negative coefficients for-this same

variables because natural gas became a valuable by-product only after
mid-fifties. -

16 The dlscrepancy between the actual and the prodlcted prlce of crude oil

at the wellhead is due to the reguiatlons imposed by the Federal
Government -in 1975 which fixed the price of "old!' oil to a "ceiling"

price of $5.25 dollars per barrel. "0ld" oil constituted about two
thirds of the 1975 production and refers to the output produced in
excess of output in the same month of 1972. 'New" oil and oil from

wells that produce less than ten barrels per day are not subject to
price regulations. The actual average price of crude has been increasing
as the industry adjusted its production to take advantage of the new

- regulations. But, the simulated equilibrium price has been increasing
at a faster rate prlmarlly due to its relationshlp with the average
import price.
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