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ECONOMIC INCENTIVES FOR PETROLEUM DISCOVERIES AND PRODUCTION:
AN ECONOMETRIC MODEL ‘
by
Angelos Pagoulatos, Emilio-Pagoulatos, David L. Debertin* ;
- INTRODUCTION

Various facets of petroleum policy in the United States - price.

‘ceilings, import;quotas, percentege depletion;'restrictions affecting

gasoline consumption,‘breaking the industry intergration'— rest on the

flssue of the sen51t1v1ty of petroleum exploratlon production out of

reserves and,demand to econOmlc_incentives An examination of the respon-
siviness to economic incentives of petroleum exploration is vital

if the nation's proven reserves are .to be increased. Production out

" of reserves determines the flow of petroleUm to the refineries. The
» identification of crucial variables that regulate the flow can provide

- some insight as to the impacts of alternative petroleumvpolicieshonf

the'generation of reserves and ‘the flow of crudeuoil of the sensitivity

»'to economic 1ncent1ves of exploration and production out of reserves.

Imports of crude petroleum w111 be exp11c1te1y taken 1nto con—*

A51deration as. well as all 11qu1ds that go 1nto the refinery process to

produce the reflned petroleum products constituting the final food.
for consumptlon.v In particular decisions affectlng the supply of new

discoveries to increase proven reserves and the productlon out of

‘ reserves are‘differentlated. Special. attent1on is paid to the 1ssue

of ekhaustibility.since»crude petroleum is a nonrenewable asset.

The authors are respect1ve1y Asslstant Professor of Agricultural

" .Economics at the -University of Kentucky; Assistant Professor of Economics
‘and Research Associate of the Center for International Studies at the

University of Missouri - St. Louis; and ‘Associate Professor of Agricultural
Economics at the University of Kentucky This paper will be published as

Journal Paper No.'’ of the Univer51ty of Kentucky Agricultural

Experiment Station.
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‘petroleum supply havelappeared in recent years.‘ Fisher;s.model 71 -

2

Several econometric studies of various aspects of domestic

_is ‘the- first attempt to econometr1cally estimate supply equations for
_the U.S._petroleum 1ndustry. The 1nfluence of h1s model is clearly

' ev1dent 1n all subsequent emp1r1cal stud1es deallng with the volume of

crude 0il d1scovered F1sher deals only w1th the petroleum d1scover1es

'as do Er1ckson M1llshaps and Spann [6], who spec1f1ed a model of crude
oil reserves stocks Khazzoom 11 at the Federal Power Comm1ss1on has
. dealt with the oil d1scovery'aspect of. the petroleum industry. % S ,1‘ 2

' Epple's work [5],"rested'also uith~petroleum discoveries and the

dec1s1ons of the o1l - prospect1ng f1rm w1th no reference to ‘the 1ssue T o

>of exhaust1b1l1ty, whereas Adams and Gr1ff1n i, concentrated only on

~ _the petroleum refining 1ndustry and est1mated the supply of refined

products with a l1near programm1ng model Presently, theAFederal‘

AEnergy Adm1n1strat1ons PrOJect Independence Report is be1ng rev1sed to

forecast o1l and natural gas supply and energy demand The potent1al

bb1ases 1dent1f1ed w1th the FEA's model are d1scussed by Haussman 1971.

McAvoy and"Plndyck are the first to have attempted in 1ntergrated E
model of all aspects of. the natural gas industry inddealiné_with
regulatory pol1c1es for the natural gas shortage. 13]{<

’ In the sect1ons which follow the theoretlcal undep1nn1ngs of

"a model expla;nlng exploratlon, reserves determlnatlon, production out of

,,feserves and totaldliquids;to be refined, will be developed and estimated.

”Crude-Oil'Reserves_

The amounts of reserves available at any point in time influence the
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decisions’ concerning extracted oil to be refined in petroleum products.

Additions to reserves come from new discoveries and from extensions

. of previous discoveries or revisions of earlier estimates of. previous

_discoVeries;"New 0il discoverie5~are in turn associated'with natural

gas d1scover1es because. of the1r common occurrence.
Probably the sector of the petroleum 1ndustry most d1ff1cult to
capture in a conceptual model is the supply of new proved reserves.

Since actual additions to reserves through new d1scover1es are realized

be a comp11cated process 1nvolv1ng a large number of technolog1cal

factors, it may seem naive to try to model the process by us1ng a

$et of s1mp1e econometr1c relat1onsh1ps However, structural

wequat1ons ‘can be formulated to link econom1c ‘and technolog1cal var1ables

that are 1mportant 1n crude 0il add1t1ons

In geophys1ca1 explorat1on as_ the maJor structures are d1scovered
and tested the search must 1ncreas1ngly turn to more subtle structural -
features. Depos1ts'occurr1ng in such'features, are ln general 11kely

to be less prollflc producers than prev1ously found f1elds in more

"favorable structures

g Assuming_that adequate incentive exists to encourage an dntenSified

exporation'effortf there is‘still a physical limit to the amount,of

~exploratlon that can be accompllshed w1th1n a given perlod of t1me

The 11m1t 1s determlned largely by the number. of dr1111ng rlgs that

.are avallablc and the rate at wh1ch the dr1111ng can be done. Cons1derab1e

: progress has been: made in 1ncrea51ng drllllng speed and lowerlng

drilling costst Further improvements can not only speed upithejrate
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of exploration and development ofrsites but also makeleconomlc some‘of-.
‘the.sites that previously did‘not‘warrantvsuch~developments'
fAs‘Fisher’s [7] study of wildcat drilllng and dlscovery has;shown regafding
"the shape of the d1str1but1on of prospects conS1dered in any one year,
1t seems that both for econom1c as well as poss1b1y for geologlc .;;
reasons; . the small prospects cons1dered by operators tend to be realt1ve1y '
certain and the b1g prOSpects relat1ve1y risky. This is so if only
because big prospects, by offerlng larger returns onlinvestment'
attract 0perators ‘at h1gher levels of risk than do small prospects
It follows that econom1c 1ncent1ves 1nf1uence the’ amount of
'exploratlon that occurs}jeconOmlc 1ncent1ves_alsopdeterm;ne exploration
characteristics[ Thus,van lncrease inieconomic'incentiVes leads to
.,more w11dcat dr1111ng but thls takes place on prospects poorer than
| those wh1ch would be dr1lled at a lower 1ncent1ve level ' AS‘F1sher;
,1nd1cates,.1t seems plaus1ble to suppose that the underly1ng 51ze‘;_«
dlstrlbutlon of prospects is h1ghly skewed toward small ones so that
-'a small pr1ce change greatly changes the number of small prospects .
pwh1ch are deemed worth dr1111ng On the other hand the d1str1but10n '
of rlsk over prospectS'seems less'likely to be ‘SO skewed, for'risk
tends to be reduced by 1nformat1on gather1ng act1v1ty before dr1111ng
) f1s ser1ously.cons1dered. Further, operators may prefer a,reduct1on

of s1ze to an 1ncrease of rlsk .when pr1ce r1ses ' F1na11y as F1sher

‘~.expla1ns, theretends ‘to. accumulate a set of undr1lled prospects about

)

,wh1ch some1nformat1onls.known. Th1s set cons1sts prlnclpally of
realt1vely small, relat1vely certain prospects It follows that an

1ncrease in pr1ce 1nduces a decrease in average size assoc1ated w1th
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an increase in certainty-partially'offseting the increase in risk

: Which.would otherwise occur. The effect is short -run. and is. restr1cted

to#price increases. Furthermore although h1gher 011 pr1ces would be .

’expectedito,result in more dr1111ng act1v1ty, over-tlme thelslze of

d1scovery would be expected to decrease due to the deplet1on of a
f1n1te stock of the resource. However, it apears that the dlscovery

of largeeprospects is also tied to the amount of reSearch effort

geared toward"the-identiflcation of large oil pools' ThlS process 1nvolves
;'Substantlal costs wh1ch are sustained over several years _As the amounts
'1nvested in 1dent1f1cat10n and exploratlon processes cont1nue over -
'tlme? it would be ‘expected that on the average‘larger‘pools of 011

- are likely;to be discovered. ‘Such:is_thercase;of'ollAfoundAln'the1

- Outer Continential Shelf.

Measures.of average results, such as average size of discovery

- or the suCcess ratio (the ratio‘of*productive to total wildcats);aare

functions not: only of the dlstrlbutlon of petroleum prospects found

in nature but ‘also of the r1sk att1tudes of operators 1n the

A1ndustry For example, 1t follows that the success. rat1o cannot be

taken as a measure of the probab111ty of dlscovery in that generally
an increase 1n the success ratlo tends to be assoc1ated w1th a decreased

probab111ty of dlscovery in the follow1ng year ceteris parlbus

Because the search for oil and gas is carrled out 301nt1y, glven B

. the, probab111ty of f1nd1ng e1ther oil or gas, usually the h1gher the'

ratlo of past gas dlscoverles to past oil d1scover1es, the h1gher w111_

be the probab111ty of f1nd;ngA011_1n a given area. It follows that the"
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dlscoVery.of.large-gas.fieids may be acting as an incentive for the

- drilling of large structures;

The maJor component of new reserve add1tlons is the drllllng of

new wells of whlch some are successful crude 011 wells some are

- successful natural gas wells and some are unseccessful (dry holes)

The drllllng of wells depends largely on economlc 1ncent1ves } In our'
model dr1111ng is dependent upon average drilling costs, the pr1ce

of crude‘01l-at the well head, the success of dlscoverydln the prevrous

period (i.e. the proportion of productive to ‘total number,of wells drilledj

and:the averagerdiscovery size of natural gas in the previouS'time
Perlod L : ’ - S oo o

The rate of exhaust1on of potent1a11y productlve 011 bearlng land is

'not solely determ1ned by the o0il- prospectlng firm. The 011 prospectlng
: flrm buys or rents 1nputs (exploratory wells and 0il- bearlng land) and

,produces outputs,ln the form of,lnformatlon about thetlocatlon of -

crude oil deposits. Therefore; it is rather the owner,of the mineral

rights to land, who determines the rate at which exhaustion occurs by

 his decisionveither to permit -exploration to proceed or to withhold the

land from exploration.1 At a g1ven p01nt in time an 1ncrease in the

‘Vun1t rent on 011 bearing land of a g1ven quallty w111 lead to-an
’1ncrease‘1n the amount of land supp11ed because the 1and-1sAb1d»away ’

from other uses and because landowners who were w1thhold1ng land from -

exploratlon 1n the expectat1on of an increase 1n rents w111 be 1nduced to

make,the land avallable.

\'lsee Epple's. remarks on this subject [ 5§ ppgAGQQGQ]{'
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- ‘The average size of discoVery of crude oil is in turn a function

of the average discovery size of crude oil of the previous time period

which‘depicts'the depletion effect for large'prospects the averagef
51ze of dlscovery of natural gas in the prev1ous t1me per1od ‘the success
ratio of the prev1ous time per1od a distributed’ lag of costs susta1ned
for 1dent1f1cat10n and explorat1on and: the price of crude 0il at the

wellhead The spec1f1cat10n of the equat1ons for‘the success ‘ratio

and ‘the average size of discovery of natural gas 1s in accordance

‘with the above spec1f1ed re1at1ons.

Exten51on of crude 011 reserves depend upon hoth economiC‘incentives

'and amounts of crude prev1ously d1scovered through exploratory dr1111ng :

Econom1c 1ncent1ves account for the use of. e1ther new technologles or

mak1ng present tertlary recovery methods economlc Furthermore;

(if discoverieslatzany_point in time are'small, an incentive exists for

the recovery -of oil from already existing reservoirsjby:recovery;

from greater depths.
 The rev151ons of estab11shed reserve levels do. not ‘seem to respond

to. any spec1f1c economic or. technolog1cal variable, rather rev151ons

,are assumed to be proport1ona1 to pr1or d1scover1es and reserve 1evels

Thus for any time perlod t, total proven reserves of crude o11

'1n the U. S are g1ven by the ‘identity:

Rt = Rt-:—,‘l + DC + 'EC + RC — Stu_

where’ exten51ons (EC ), revisions (RC ) and new dlscover1es (DC ) are

comb1ned to form add1t1ons to ‘reserves. The amounts of crude o11

The dlsaggregatlon of revisions and extens1ons follows the example
of the work of McAvoy and Pindyck [13] for natural gas. -
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extracted~($£) are the only major subtraction from reserves..

Total Refinery Output _

Crude 011 and 1ease condensate are the prlmary 1nputs for the

, ref1n1ng process wh1ch y1eld the refined petroleum products. The:

aggregate supply of ref1ned products (DISTRt)ls calculated by the
follow1ng 1dent1ty for any time perlod t:

' DlSTRt = St‘+.Mt + NGt + GA .

"The amount of crude 0il and lease condensate (S ), the amount of

,natural gas 11qu1ds -added for the ref1n1ng processes (NG ) and the

proces51ng ga1n (GAL )rea11zed in the ref1ner1es add up to the total

amount of ref1ned products 3

Production“out-of Reserves

The supply of product1on as a funct1on of pr1ce is- s1mply the

: marg1na1 cost (1n the short run) of developlng ex1st1ng reserves so .

"that a partlcular-level of annual flow can be achleved. It follows

that marglnal productlon costs will depend on’ reserve levels re1at1ve

to productlon and as the reserve to- productlon ratio becomes small

4
weuwould expect marg1na1 ‘costs to rise sharply.

“Items left out of the 1dent1ty, such as exports of crude petroleum,
change Ain stocks, etc., constitute less than one per cent of the tdtal
amount of crude or ref1ned products. :

Th1s argument was first made by ‘McAvoy and P1ndyck[13] regardlng ]
natural gas production. The same underlying assumptlons seem to be '
holding in the case of crude oil prodctuion. :
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In oil production, where a reserve-production ratio of about eight is"
required, the addition of eight units of recoverable reserves would be needed
to maintain the one-unit increase in production. However, because present -

technology recovers only about 40 units of the 0oil, identification

of about 20 units of o0il in the ground would be réquired'to sustain

;prdduction at'a_higher'than present level.

If econdmic means were to become available for récovering oilvthat .
ié chrentiy }dentified but not recoverablé, the effect'Qould be an
immediate large increase in proved reserves. This would come about
through:ﬁew"teéhnolbgy or a sufficiently large parice increase, to make -
some preseht9tertiary reédvery methods econo‘mic..S

However although price would be expected to havé an exponential
relationship to the supply of production out‘of reserﬁes (setting price
equal to margiﬁal cost) for small values of reserve production ratios

the price of the current period may only partly influence extraction

"decisions.

Given that crude oil is an exhaustible nonrenewable stock rescurce

the pfofit maximizing decision of the oil industry refers not only

to individual time periods but also to the entire planning horizon

which»coincidesfwith the depletion of the resource.

‘ The equilibfium path that the price éf nonréngwable resources should
follow to the point‘of exhaustion has been deriveq by both HQtellihg

aﬁd Solow and it turns out to be that the price should be changing

over time so that market price net of extraction costs be increasing

_SSee Adelman [2, 3] and McAvoy and Pindyck [13]
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exponentially at, a‘rate corresponding to the interest rate so that
extractors will be 1nd1fferent between extractlng and holdlng [12, 15’ 18].
- In the case of the petroleum 1ndustry wh1ch is- composed of joint

stock compan1esathe assets of these_f1rms can be’ easaly exchanged

.and furthermore the industry has a ready access to the loan market

As long as expected prof1ts from the operat1ons of ref1n1ng and
maket1ng of petroleum products are h1gher then the rate of return
from alternat1ve 1nvestments a steady flow of crude o1l w1ll be comlng

to the ref1ner1es 6 A constant d1fference between prof1t rate and

' 1nterest rate over future per1ods would br1ng forth an 1ncrease in

‘supply out of reserves in the present perlod because of the poss1b1l1ty

of 1nvest1ng present prof1ts SO that they can y1eld an: add1t10nal

return; .The larger the drfference betweenlexpected,profltS‘and

expected interest rate,in the present'and near future periods, the larger
the.supply of crude.oilfforthcomlng. 'Because»of the’capitalpintensity

which characterizes the petroleum‘industry, production expenditures in

' fiﬁed assets would then be'expected to be highly correlatedszr:the

7supply Of‘productiOn out _Teserves in every time:period;

As Fpple [5 ] po1nts out a common m1sconcept1on is that the pr1ce

of an exhaust1b1e resource w1ll rise at the rate of 1nterest Wh1le this

The'steady flow of the supply of crude petroleum'Can be viewed as

‘a minimum amount of output which will be produced each year because

the industry is confronted with a down’ slop1ng demand .curve for the .
product which is increasing over timc. Large decreases in the.level of
output w1ll allow subst1tutes to take over the market
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is true for the special case in which the initial endowment of the resource
is fixed and marginal -production cost is zero, this will not in general
be true. If technical progress in extraction is sufficiently rapid, it

is possible that the price of the resource may remain constant or’ even

~decline for a time. One would expect that, at a given point in time,

a price increase would call forth a increased supplytof;the resource
unless the increase in price resulted in the expectétion:of'additional
price increases in the future. For a given price one would also expect'
a decrease over time in the quantity of the resource produced because

of the effect of cumulative extractions in 1ncre351ng the costs of

production, though‘technical,progress could offset this{effect.

Imports, Natural Gas Liquids and’Proceésing Gain

Imports of crude”petroleum can be assumed to respond to domestic
economic influecnes as well as the price of imported crode 0il {41, The
price of imports can be taken as given since it is frxed'by the Organization
of the 0il Producing and Exporting Countires.' Viewidgfimports as a demand for foreign
crude oil it is hYpothenzied that imports respond tooimported crude
0il in the previous time period, the price of imports, the domestic

supply of crude and the otilization of domestic refining capacity which

acts as a capacity constraint.

As the amounts of crude oil>run through the refineries increase
and the utilized capacity approaches the total capacity of refiniog, a
slowing down of increases in imports would be expected;

What goes into the refinery processes is not only crude oil

and lease condensate but also natural gas liquids. The amount of
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. natural 11qu1ds addcd to thc 11qu1ds to be - rcflned has been steadlly

_1ncrea51ng due to both economic and technologlcal reasons 1nclud1ng

output mix of ref1ned products " The estimated equatlon therefore

depends upon the_prrce of crude relative to the price-ofunatural

.gas 11qu1ds and a 11near t1me trend

The proce551ng ga1n is the. f1na1 component needed to determlne the

rtotal amount of 11qu1ds that come out of the refinery process, or
_the summation of the quant1t1es of all refined products produced
‘(DISTR') The proce551ng gain represents the expan51on of fuels

.due to some - of the ref1ner1ng processes such as reformlng and cracklng

The equatlon for the proce551ng ga1n contains the amount of natural

- gas- 11qu1ds added for ref1n1ng, the amounts of crude 011 and’ lease

condensate run through st;lls_and-a;llnear*tlme'trend. R

'Structure and Estlmatlon of’ the Model

The organlzatlon of the model is descrlbed in 51mp11f1ed form in

_Flgure 1 The model consists of 11 stochastlc equatlons ‘and 3

'_identities. Both 11near and log 11near versions of the model were

est1mated u51ng t1me series data for the perlod 1959~ 1972 Two stage -
least squares estlmatlon was the method 51nce several of the endogenous
varlables are 51mu1tanously determlned Ord1nary least squares

for :
estimates were: also abtalned/comparlson “The logarlthmlc spec1f1cation

was preferred because of the hlgher coeff1c1ents of determlnatlon

associated w1th the estlmated equatlons and lower overall standard errors.

Data sources and transformations:are reponded in Append1x7_<f~For_.

convenience, the symbols used are summarized below.
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subscript denoting year

:no. of .new eiplbratory wells drilled

sucbesSfratiQ'(ratio of productive'fo tofal new wells drilied)

= avg size of new oil discoveries

avg size.of new natural gas discoveries

= new oil discoveries

,extenSiOns of oil réserv§s

:totai reserves at the end-of the year,(begiﬁﬁing)
'avg débtsvpf new .exploratory wells |

>' éostAQf exploration and drilling

évgﬁéosf;per‘éxploratory well drilled

‘change in stock of o0il reserves.

price of nétu}allgas at'the well head

price of crude oil at the well head
production of crude oil
profip‘rate_on_equity of the:petroleum'ihdustry

interest rate

production expenditures in fixed,asseté of'the*petroleum industry

prodhétipn?labor costs

- imports of ‘crude petroleum
-avg- import price

refining capacity utilization

ndtﬂraljgas‘liquids addgdv‘

processing gain
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PBL = price of”bitumihous & lignite
- T - = linear time trend

DISTR = sum of domestica11y~supplied refined product‘(net of imports,

. exports and change in petroleum stocks)

P/PNG = pricebpf'crude~relative to the price of nafurél,gas at'the'f;-'
wellhead ' A

*RC = Revisions
~ The resulting estimates are*:

New exploratory wells

(1) InTED, = 3.09'- 1.21 In AGH, - 1.20 InSUC, , +
(7.29) (0.24) (1.16)
£ 0.359 InP, + 1.39 InSZNG,
Coaan. (0.99)

" Average discovery size of oil

(2) lnADSZt‘i -95.02 - 0.162 InADSZ, | + 1.30 In[1:1(0.42COST, | +

©(48.15) (0.08) , (2;10):, .

: O.SZFOSTt_ + O,ZGFOSTt_S)] + 15.01 lnSUCt_ +

2 | 1

' - (6.07)
%.371nsznqt_l,-v1.521npt

(0.19) - (4.67)

" Success ratio

(3) lnSUCt = 2?34!? 0;2981nSUCt_1 - 0°0131nADSZtrl - OfOIBIPS;NGt-l .

 (1.123. (0.27) 7 (0.008) '»»,Aj‘(o.oos)'

*Values in parenthesis'aie standard errors.



16

-+ 0.5471nDEP,
(0.09)

Average discovery size of gas

(4) InSING, =742.43 - 0.185InSZNG, , + 0.040lnADSZ_ | + 9.051nSUC,

1 1 -1

 (54.09) (0.16) (0.11) A (10.93)
0.3651nPNG_ B

"1:(1-7l)

. Extensions of reserves

1 + 1.991nTEDt_1 - 0.00SInDCt +

(1.70) (0.23) (0.31) - (0.03)

(5) inEct 2.2.88 - 0.7611nEC, _

0.4981nPt

:,(1.46)

Reviéions of reserves
(6) 1nRCt = 7.18 + 0.4621nARt_1
(2.48) (0.16)

Production out of reserves

+

(7) 1nS = 9.42 + 0.235In {1.05 [0.255(PRO_ - INT ) + 0.205 (PRO, ,)
(1.09) (0.06)

0.18 (PRO_ , - INT_ ) + 0.18 (PRO, - INT_ ) + 0.18

=2 t-3

(PRO,_, - INT, )]} + 0.2591nP_ + 0.1581nTR_ + 0.6741nK,
‘ ‘ (0.28) (0. 06) (0.08)

Imports of crude oil

(8) lth = -14.73 + 1.A121th__1 + 0.9051nSt.— 0.069_1nPMt - 2.951nREFt

(5.71) (0.29) (0:66) (0.40) (0.43)
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Addltlon of n1tu1dl gqs llqu1ds

: (9)'1nNG 12. 49 +0. OO41n(P /PNG ) + 0. 1561nT
(1.32)  (0.05) - o (0.02)

Processing Gain

(10) lnGAt  - 67. 55 - 10. 521nNG + 14.111né + 1. 471nT2

' (09 40) (8. 01) L (9.51jl, (0 76) R "f;ﬂ ' 1; ”"@

Price~of crude oil - _ ) . — 7 TR

'.(11) InP, = 8.04 + 0. 0291nPBL, - o.ogginrht +.0.2081nPNG, - 0.4881nS, , -

t-1
(3:02) _(0.13) 0 0.16) L (0.09) | l0.1s)
| O.4601n?t;1
(0:29)

Identltles
(12) DCt_;AADSZt x TED,
(13) TR = R, + DC, + BC, + RC,

~ ~ ~

(14) Strf Mf +I‘NGt + GAtv= DISTRt,

: Coeff1c1ents for most parameters estlmated via ZSLS were :
substantlally larger than the respectlve standard errors and 51gns ‘

agrced with hypothcslzed results throughout the model L f'~:'f o o

New Addltlons to Rcserves

1he olaatlclty of cxploratory drllllng with rcspcct to thc
‘prlce of crude is about + 0. 35 [equatlon (1)], the elast1c1ty of the

average size of dlscovery with- respect to prlce of" crude is about
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- 1.52 [equationi(i)]'and:the‘elasticity>of the extensiOns of_proven
reserves with'respect,to.priCefof_crude is about 4:0f4§ [eqUation’CS)].
Although pr1ces do not have coeff1c1ents substantlally larger

than the standard errors 51gns support theoretlcal arguments suggesting

" that pr1ce 1ncent1ves may st1mulate exploratory drllllng act1v1ty but
6 A
- cause a deterloratlon of d1scovery size. Furthermore, prlce,lncentlves
o 1nduce‘more extens1ons of proven reserves by making economic new’

' technology for recover1ng add1t1onal o1l from already dr1lled 011 wells.

The number of exploratory wells dr1lled (TED) at t1me t negat1vely )

,related to’ the average dr1111ng cost per well (ACW) and the _success

ratlo,of»the"prev1ous t1me.per1od (QUC 1):{ The negatlve coeff1c1ent’
of the. success ratlo 1mplles that when relat1ve1y small and certaln
prospects tond to accumulatc dur1ng a ycar the succcss ratio is hlgher
than usual dur1ng that yeaw and ‘the accumulated 1nventory of such |

prospects is. be1ng depleted at a faster than usual rate ' The follow1ng

“year there are fewerurospects to be dr1lled ‘ At a prof1table rate

Hconsequently the number of prospects drllled would be expected to
{:decrease in tlme t + 1. .As ‘Fisher has suggested ;:f the‘effect‘1nventoryf

'deplet1on is to’ reduce the number of small prospects that would other— |

‘wise be dr1llcd so that the average 51ze of d1scovery of 011 1ncrease.

Thrs same conclus1on was first reachcd by Flsher FI] and sub-
scquently by Erickson and Spann [6] in their work on natural gas-and
oil supply Ipplc [5] concludes “...The analysis was motivated by the

- suspicion that earlier estimates result1ng in the assertion of a highly

elastic supply curve for crude 0il were based on an 1ncomplete model of
supply. The analysis of" ‘Chapter 3 demonstrated that this was in fact,

is. the case, and ‘the - results 1nd1cated that the assertlon of a hlghly
'elast1c supply curve was warranted p- 104 :
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Earlbus and the effect of. SUC

19
Finaily, a rise in suC 'i is accompanied by a fal]“ianUC, ceteris -

-1 in equatlon 3 is negatlve because "

. of ‘the- 1nVentory depletlon effectland p051t1ve in equatlon 4

“7

because of the "1ncent1ve toward- larger prospects effect The - .

related

c'success ratlon (SUC) furthermore is p051t1ve1y{w1th depth in that the

-~ deeper the»exploratory wells are dug thellarger the expected success

ratio tendS‘to be.

The average ‘discovery size of crude oil (ADSZ) is. further
" with the

' p051t1ve1y relatquamounts of money spent for explanatlon over past

'{perlods of t1me, in that most t1mes it takes a substant1a1 exploratory

effort before new large reserves can be dlscovered :
Thec(ea1 1mp11cat10n of the abovc is that thc sen91t1v1ty of new

oil d15coverles to economic 1ncent1ves is substantlally less than the

 similar sen51t1v1ty of w11dcat dr1111ng This is pr1mar11y caused
by’the.deterloratlon of discovery 51ze‘which comesiabout when_small

“prospects are made attractive by a price increase.

_ The average size of natural gas discoveries (SZNG) becomes.

" important in crude‘oil exploration because of the jointness in the

"supply of the'two products,- Past, large discoveries;of natural"

gas (SZNG ) can be taken as an- 1nd1cat10n of the p0551b111ty of

" This polnt comes more cleariy across in this study, because of
the dist ct d15t1ngu1sh1ng effects, involved in Flsher s study I71.

Such 1s the case of offshore prospects in the recent past.
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the possihility.of finding qrudo oil andAinpnrtjculnrijlarge structurog’
of crude;oil. Thisrmakes the elasticities in equations:(lj And:(z);j
positive. ,in turn,‘Since large prospects andvcertainty"tend to”more

in opp051te d1rect10ns, 1t follows that SZNGt 1 muSt‘be;positivelyrelated
to the“sucoess ratrorln equ?ﬁtgn.(s)' 'But’ 1n¢yentory - depletion aocounts
'for a decreasing average- size Of'natural gas discoveries‘overtime ”
Lalthough very small as it can be seen from equatlon (4) where SING has

an elast1c1ty w1th reﬁfea'to SZNG -1 of -0. 18 Furthermore the price

of natural gas has a positive effect on the average dascovery 51ze o
ﬁoftnatural gas, wh1ch is in line wlth the result.obtarned,by.McAvory“

and Plndyck [I3] | A '
thensxonsof crude 011 rescrves (EC) depend on prcv1ous extensrons
'( ) and total exploratory wells dr111ed (TED i)i The short run
depletlon effect-of exten51on5j1n equat;on (S)Vls givenfhy_the elastlcty

~—0 76 - w1th respect to EC Total exploratory drilling (TEb 1) has a

t- 1
: p051t1ve effect on exten51ons as do economic 1ncent1ves through pr1ce
f:‘1ncreases. F1na11y,,tow‘dlscoverles.of new 011vw111_1nduce the pumplng '
V‘ofvoil from greater depths as indicated by the elasticity of -0;008 of the
f varlable‘DC in equatlon (5) ‘
- The revision of crude 0il reserves (RC) equatlon (6), respond to A

he change of.preV1ous year S reserves, and the e1ast1c1ty is Q. 46
llmplylng that one barrel 1ncrease 1n the stock of reserves generates’.
about 0.46-barre;s‘of 1norease rn the revlslons.of;crudejoll_reseryes._.

_one year.later. -

gPrcv1ous studies have obtalned negative coefficients for this -
same var1ab1es because natural gas becahse a valuable by product
only after the mid-fifties. - - : ‘ o
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A POllLy of increased prlces as an 1ntent1vc to exploratlon and
fdlscoverles of new oil reserves w1111un:h£ccessar11y accompllsh that
result. It is rather the interaction of pr1ces w1th varlablesvsuch.
as 1ong.term 1nvestments in the 1dent1f1catlon of new large reserr01rs‘
and exhanst;on effects stemmlng from ‘the average dlscovery size,
" success ratio and_extensions that affect the willingness of the industry
to intenSlfy4the;exploration effort. The deterioratlonfof discovery
size,when small but more certaih prospects become attraetiye by .
- a price increase; accounts mainly for thezinconelusiveness regarding
the effect of=econonic,incentives. ‘However, the depletion effects7
would suggest the -need for moderate increases 1n pr1ce to ma1nta1n:

»a steady exploratory effort

.'Determlnatnon of total Reflnery quulds

The domestlc productlon out of reserves estlmated although 1t:;
shows that price does not contrlbute to explain L varlatlon as
expected'rema1n1ng varlables " had coeff1c1ents substantlally |
1arger than the: respectlve standard errors. The dlstrlbuted lag of
the d1fference between expected proflts and preva111ng interest rate
V(PRO-lNT) has~a‘positive'relation with the amount of'crude 0il and»
: lease condensatelextracted (5). lFurther more total reserves (TR)

':,and fixed productlon expendltures of flxed assets (K) o are p051tiVely

: assoc1ated with the product1on of crude oil out of reserves, the

elast1c1t1es belng + O 15 and + 0,67 respectlvely from equatlon (7)
Imports of crude 011 (M) are p051t1vely assoc1ated w1th 1mports

in the prev10us perlod (Mt 1) and w1th the- domest1c productlon of the
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u.s. outrof‘reserves (é). The po51t1ve relatlon between 1mports and
’domestlc supply seems reasonable in that increases in expected prlcesuslgnal
»1ncreased demands wh1ch’reduces both:domest1c_product10n‘out~of‘reserves
as well as 1mported crude oil. | | |

~As expected ‘the 1mports of crude petroluem are. negatlvely
assoc1ated w1th the preva111ng import price hav1ng an e1ast1c1ty of

-0.69 from equatlon (8). Furthermore, refining capac1ty (REF) acts as a

contralnt to imported crude wh1ch decreases as the ref1n1ng capac1ty

- ut111;atron 1ncreases toward the full capacity.

- The'naturaljgas iiquids (NG) added to the crudebpetrolp,m‘and»
_leaSe condenate for the.refinery process depend poskively upon the 8
relatlve price -of crude with respect to- the pr1ce of natural gas
‘-h11qU1ds and t1mevtrend squared depicting technology. The addltlon

of natural gas 11qu1ds increases ‘as the pr1ce of . crude 1ncreases
"by more than the pr1ce of natural gas 11qu1ds and v1ce uersa from-
equatlon (9)

-The" proce551ng galn (GA) obtalnedbln the determlnatlon of total
refinery 11qu1ds is, as expected,unegatlvely‘assoc1ated with the. amount
“'of‘natural gasﬂliquids?:positivelypassociated with the.amount of'crude
oil,and'lease‘condensate‘and positively with the-time“trendhsquared
dep1ct1ng the technologlcal trend, from equatlon (10)

The prlce equatlon (P), shows that there is' a p051t1ve relatlon
between the price ofpcrude orl and the pr;ces-of‘hltumrnous andpllgnlte

. - (PBL) and natural;gas liquids (PNG). . Furthermore;"as'total reserves
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'become larger (%R); a smaller price is necessary tochciestablished
in order to bring forth both an 1ncreased production out of reseryes
'Kas well a%i%rov1de a stimulus to exploratory drilling Exploratory
.drilling then apparently is fac1ng a high success ratio.as well ;
as a high discovery 51ze. |
'AFrom equation“(ll), which'explains the price of crude-petroluen
(P), it.can:becfurther seen that prices ofisuccessiye‘. |
periods are.negatiVely associatedfdue to the fact_thatlover‘the amplerr
period (195§¥1972j the real'price of.crude has been;falling} |
Finally the price of crude petroleum is negatiyely associatedeith |
. the supply of‘reserves in the previous«period (St_ljpin accordance |
with the argunents made. earlier that a lou level of supply out of
s reserves 1n one time period implies. the expectation of a forthcoming
;higher price in the next period. o
:gThe.above.results suggest that the industry is(indeed'capital
intensive'and'that decisionsiregardingbextraction“of crude,oil fron:v
the ground are~madebhased on present and prospective'profitabilityl
Price increases:have only a modest effect inrthe eﬁtraction of oil from.
the ground (the elasticity is + 0.259). It is rather’the expectations
regarding future net pr1ces (or profitability of the 1ndustry) that
count A p011cy of 1ncent1ves w1th present ceiling prices could be
suff1c1ent to st1mulate future production out of reserves. |
With regard to the 1mported crude 011 the 1nsen51t1v1ty of.
1mports to prices set by the Arab nations suggests that tariffs would’
.not be successful in controlling 1mports Import quotas,'rather |
seem .to be the alternative in curtaillng increases in 1mporst along
.w1th domestic pOllCleS to stimulate the comparative profitability of

the oil 1ndustry;
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CONCLUSIONS

_The éurpose of this paper was to construct a‘model of the'supplj
“of crude oil reserves, production out of :eserves and the'determinatioh E
of total 1iquiﬁs in the refineiy process; The-empifical‘fesults lhdicate:

' that economic ihcentivesrinfluence the amouht'of exploratofyvdrllllng

’and 1ts character. The crude 0il reserve supply elastlclty and the pro-
duction out. of reserves are not very sensitive to economlc 1ncent1ves.

"Although prlce 1ncent1vel lead to more exploratory drllllng, the prospects,
conS1dered are poorer than those that would have been considered at a
lower'lhcentlyeflevel. Crude 01lrreserve—exten51ohs respond partially
to economic;incentives; but.mainly‘to low levels of'new oil»discovered,'

providing 1ncent1ves for deeper pumplng in. exlsting wells.

‘ Domestlc .reserve production slugglshly reSponds to 1ncreased
fprlces, ‘but does react to future net. prlce expectatlons. ExPected future
Aprofltablllty becomes a key varlable in dec1d1ng how: much grounﬂ 011 to '

" pump in any t1me perlod These conclu51ons 1mply that a pollcy of 1ncrea-
: sing prlces to both enhance reserves and productlon of crude 011 W111 notr

‘be effectlve. Rather. it is the prlce 1ncent1ves 1nteract1ng with other
pollcles favoring a comparative profltablllty that w111 increase the
flow of crude petroleum tofthe‘refineries. Moderate“price inereases}
however, are needed to,offset the exhaustible stoch'resource depletion .

- effect,
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‘ t1t1es are reportcd 1n thousands of 42 gallon barrels

APPENDIX.

The quantities supplied of crude petroleum as Well‘as\the natural

‘fgas 11qu1ds and lease condensate and the proce551ng galn were taken fj

from the "Annual Stat15t1ca1 Review" publlshed by the 01v1s1on of Statlstlcs

and Economlce of the Amerlcan Petroleum Instltute ‘ Fhe respect1Ve'quan-7

1
i

| The number of exploratory wells dr111ed are the total productlvc

,and dry holes drilled each year and the average size of dlscovery is

the ratlo of new dlscoverles to total productlve and dry holes. Slmlr

larily, the average size of natural gas dlscoverles is the ratio of new

',dlscoverles to. total productlve and dry holes and they are publlshed

“in the'"Annual Statistical Rev1ew” by the Amerioan.Petroleum Instltute,

'1,f_Crude1petro1eum reSeryesrare“the provedjreservee at thetbeginning

of the year, nhich'alonglwith the'revisions and extensions are puh}ishedf-
in "Petroleumihacts and Figures" of the.American‘éetroloum Inetitutc. The -
figures arepreported'in 42'ga110n‘barrelsl."'v | s

Capital expenditures of the petroleum industry were represented

by Domestic Produotion.ExPenditures in fixed assets. The'figureSnwere

computed and 1ndexed with 1960 as the base - year, from the publlcatlon

"Financial Analy51s of a Group of Petroleum Companles" of the’ Energy
Economlcs D1vi$1on-of-the Chase Manhattan Bank.

o Imports of crude pctroloum were compiled from the "Yearbook of

-Internatlonal Trade Qtatlstlcs" of the Unltcd Nnt1ons _The S I T C

(Standard Internat1ona1 Trade Clase1£1cat10n) number used was 331 01

, and thc f1gures were convertod to 42 gullon barrels from the or1g1nal

metrlc tons.




.The pricc,of imports of crude’petroleum was-computed as a’ per unit

.pr1ce from the,;alue (f. o.;§;\and quantlty flgures reported in the
N ——

"Yearbook of Internat10na1 ;Trade Statlstlcs"'

The domest1c pr1ce of crude petroleum represents the pr1ce at the
well (dollars per barrel). The price figures were taken from the "Mlnera1§
-Yearbook" published by the Bureau of'Mines. | P |

" The interest rate was used in the estimation of the supply of crude
petroleum 1The»f1gures used are the price of-commercral;paper 4 to 6 months
reported by theiBoard of Governors of the Federal Reseryc System in the
"Federal Reserve Bulletin."l . o

L The. pr1ce of natural gas is the value at- the wellhead and was computed
from the "M1nerals Yearbook" published by the: Bureau of M1nes

The pr1ce of b1tum1nous and llgnlte was.computed as a per un1t pr1ce
- from value and quantlty (short ton) flgures reported in the "Mlnerals
'Yearbook"»of'the Bureau-of Mines. '

The wholesale price indexxwas computed,from the. "Statistical Abstract
. of the United'States" publlshed by the Bureau of the ;ensus by - convertlng
the'Figures to 1960 base year. They were used in the deflatron of pr1Ces.

The rate of profit of the petroleum 1ndustry represents the rate

of return on book ‘net assets as reported by the F1rst Nat10na1 Clty Bank

"Monthly_ Lett_er’»'. '

. llhc wclghts asstgncd from ‘the dlstrlbutod ]ag were - dcrlvcd as
followc "TFirst the following cquatlon was estimated (Griliches):
Yt = B X, + let 1 + B X, -2 + B X,-3 + B4Y -1+ Ut and thcn the lag
was spec1f1cd as: E[WOXt + ﬁlXt 1+ W2Xt 2+ WoXt 5 = W4Xt- 4] + U
where Wj = Bj/Bi. [75 : : :




Thc amounts of natural gas. 11qu1ds, ‘the pr0c0551ng gain. and the

total amount of 11qu1ds transfered in the ref1ner1es is reported by the,

. American Petroleum Instltute 1n the "Annual Stat15t1ca1 Rev1ew,"‘1n4'

' thousands of 42 gallon barrels.

The average cost per. well and the average depth (feet) of new 011

e wells_are found in the "Annual Statlstlcal-ReV1ew",of the American

Petroleum Institute '.The total cost sust&ined eaoh'yeér for.ekploratiOne

is- obtalned by the mu1t1p11cat10n of the average cost per well and the

_number of productlve and dry holes drilled each year.



	Economic Incentives for Petroleum Discoveries and Production An Economic Model
	Recommended Citation

	tmp.1651160882.pdf.crP0y

