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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 this flow can provide insight on 

the impact of alternative petroleum policies on ·the generation 

•Of reserves and ultimately the prices and availability of crude oil 

products to the consumer. 

The objective of this paper is to examine the responsiveness to 

price incentives of petroleum exploration, the generation of proven 

reserves and the production out of reserves in the United States. 1 

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

Next, an econometric model, consisting of 11 stochastic equations and 

3 identities, is constructed to capture the decisions affecting 

the supply of new discoveries, the increase of proven reserves and 

the production out of reserves. 2 The parameters of the structural 

relationships are simultaneously determined and are estimated by 

three-stage least squares. Finally, the sample period performance 

and predictability of the model are evaluated. 

The Discovery and Extraction of Crude Oil 

The 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 oil and/or natural gas deposi~s, and the drilling of exploratory 

wells. Once oil or gas have been discovered by exploration, development 

wells are drilled to estimate "proven" reserves. Finally, extraction 
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from existing wells occurs through the utilization of a number of . . 

different recovery methods. 3 It can thus be said that 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 decision making behavior affecting all industry 

stages beginning with the flow .of oil to the refineries and working 

upstream to the exploration stage. 

Tota,Z Refinery Inputs 

Crude oil is used in the refinery process, along with nat~ral 

gas liquids, for conversion into a number of refined products, each 

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. petroleum refining industry are domestic crude 

oil, lease condensate, natural gas liquids and oil imports. In the 

past, domestic supplies constituted the bulk of primary inputs, but 

in recent years the contribution of foreign oil has grown rapidly. 

The various inputs into the refinery process at time period t can 

be summarized by the following identity: 

(1) 

wher,e the supply of crude oil and lease condensate (St), oil imports 

(Mt), 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) 
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during a particular year. Natural gas liquids and the processing gain 

have been arelatively 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 for refined products, decisions must be made 

concerning the rate.of crude oil production out of reserves. It 

must be noted that most costs of oil production are for exploration and 

development, and are incurred before production begins. The supply of 

domestic production is determined by the marginal cost of developing 

existing reserve·s 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 

5 
sharply. · This is because the greater the output, the more oil niust 

be drawn from high cost, distant, low-quality sources. The average 

fixed cost per million barrels falls until all oil is extracted. 

The lower is the demand, the more output will be concentrated in the 

low-cost fields; and the greater the demand, the more oil will be 

called out from the higher cost supplies in response to actual or 

expected price increases. 

Development of new production sites will be undertaken only if 

the expected price of oil covers all costs including _a normal return 

on investment and a risk allowance. 6 Complex interrelationships exist 
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between oil prices, the cost of production, investment decisions and 

production out of reserves. A short-term glut may send current prices 

down. If this was expected to be. a temporary condition, and long-run 

price expectations were high enough, development might continue even 

at low current oil prices. 7 Thus, the production rate out 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 the opportunity cost of investing in 

petroleum production is 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 (S), reserves at the beginning of the year (TR) 

and the opportunity cost of extracting the exhaustible stock resource 

(EZ): g 

(2) 

Setting expected prices equal to marginal development costs and taking 

the logarithms.of both sides, the equation to be estimated becomes: 

(3) 

Imports, NatuPaZ Gas Liquids., Processing Gain and Price 

Imports of crude petroleum are assumed to respond to domestic 

economic policy as well as the price of imported crude oil [5]. The 

price of imports can be treated as exogenous to the model since it is 

determined in the world petroleum market. Current imports (M), viewed as 

demand for foreign crude oil, ·are a function of imported oil in the 

previous time period, the price of imports (PM), the domestic supply of 
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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: 

(4) 

A negative relationship between imports, import price and domestic 

refinery capacity utilization is expected. 

The refinery process utilizes not only crude oil and lease 

condensate but also natural gas .liquids. The amount of natural gas 

liquids added, because of economic and technological factors, has 

been steadily increasing over time. The quantity of natural gas 

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

2 the price of natural gas liquids (P/PNG) and a time trend (T ) : . 

(5) 

The processing gain represents the expansion of fuels owing to 

some refining processes such as reforming and cracking, and is the 

final component needed to determine the total amount of refined 

liquids. The quantity of processing gain (GA) increases in direct 

proportion to the amount of crude oil and lea~e condensate run through 

stills (S), and declines in proportion to the amount of natural gas 

liquids added for refining (NG). A nonlinear time trend (T2) has 

been added to the estimating equation: 

(6) 

The price of crude oil· (P) is assumed to be positively related 

to the sales of refined products and the price of crude imports (PM), 
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and negatively related to the price of natural gas (PNG) and the extent 

of refinery capacity utilization (REF). A distributed lag of the 

sales of refined products (DDISTR) rather than actual sales are used, 

because a sustained increase in sales of refined products must occur 

if the price of crude petroleum is to increase. Hence, the price 

equation of the model is: 

(7) 

Supply of New ResePves 

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 come from new discoveries, previous 

discovery extensions and revised estimates of previous discoveries. 

Thus for any time period t, total proven reserves of crude oil (R) 

are given by the identity: 

(8) 

where extensions (EC), revisions (RC) and new discoveries (DC) during 

the year are combined to form additions to reserves. The amounts of 

crude oil extracted (S) are the only major subtraction from reserves. 

Crude oil 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 

of either new technologies or making present secondary and tertiary 

recovery methods economical. Furthermore, if discoveries (DC) at any 
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point in time are small, an incentive exists for the recovery of oil 

from already existing reservoirs by recovery from greater .depths. 

The equation to be estimated becomes: 

(9) 

where EP represents expected prices expressed a.s a distributed lag of the 

crude oil price. 

Apparently, revisions of established reserve levels (RC) do not 

respond to any specific economic or technological variables [16, p. 78). 

Therefore, revisions are assumed to be proportional to changes in 

reserve levels (ARt_1): 

(10) 

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 discoveries 

is then the product 9£ discovery size and wells drilled: 

(11) 

In geophysical exploration,· as the major structures (oil pools) 

are discovered and tested, the search must increasingly turn to more 

subtle structural features (in terms of difficulty of drilling, thickness 

of the productive stratum and permeability of the formation). Generally, 

deposits occurring in such features are less prolific producers than 

previously found fields in more favorable structures. 

Even if adequate incentive exists to encourage an intensified 

exploration effort, physical 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 
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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 that previously did not warrant 

development, economical. 

It follows that price incentives not only influence the amount of 

exploration, but also determine-exploration characteristics. Higher 

incentives, for example, lead.to more wildcat drilling on poorer prospects. 

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. 

Following the work of Lintner [14], Mossin [17], Sharpe [21], and 

MacAvoy and Pindyck [16] we assume that risk can be repres.ented by the 

variance of expected net dollar receipts. Hence, the present value 

in certainty equivalent terms of the net cash flow to the jth firm 

is given by: 

(V.) . J 

V. = (1/r) (7T.: - ;\ er.) (12) 
J J J 

where: 

TTj = E (nj), the expected net return cash flow to firm j 

er.= the variance of ff. 
J J 

;\ = an index of risk aversion 

r =along-term market rate of interest. 

Eash firm will make drilling decisions which maximize V.. Since 
J 

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

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

expressed as: 
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E (1rJ.) = TED. [k (P • ADSZ. + PNG · SZNG.) - (Cd. + Cx) J 
J e J e J 

(13) 

where: 

k = a multiplicative constant accounting for discoveries that 

may be extended or revised at a later date. 

Pe, PNGe = the expected prices of crude oil and natural gas respectively 

ADSZ, SZNG = the average discovery size of crude oil and natural gas 

respectively, and 

Cd' Cx = the expected costs of development and exploration 

· respectively. 

Total exploration costs and subsequent total development costs can be 

expressed, following MacAvoy and Pindyck (16), as a function of the number 

of wells drilled (TED.) and the average cost per well (ACW.) for the jth 
J J 

firm .. The equation which holds for all firms and maximizes net cash flow 

is: 

(14) 

where R is the variance of dollar receipts over all the exploratory 

wells drilled .
10 

Because of the time-lag between investment outlays and 

the accrual of revenue-s, the interest rate (INT) is included as an 

additional variable. The estimating equation for the number of new 

exploratory wells drilled at time t by all firms becomes: 

TEDt = f{ACWt' 

(PNGt-l 

2 2 
4crG SZNGt 

+ pt-3)/3 + 

(15) 
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where cr 0 and crG 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 prospects. Fisher's (9] study of wildcat drilling and 

discovery has shown that for economic as well as geologic reasons, small 

prospects considered by operators tend to be relatively certain 

and large prospects relatively risky. This is because large prospects, 

by offering larger 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 large 

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.IO Even though higher oil prices would be expected to result 

in more drilling activity in the short-run, the average discovery size is 

likely to decrease over time because the finite stock of oil and gas is 
. . 11 

depleted.· 

The search for oil and gas is carried out jointly. Because 

of their commori occurrence, new oil discoveries are associated with discoveries 

of natural gas. The higher the ratio of past gas discoveries _to past 

oil 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 (SZNGt) are: 

ADSZt = f(ADSZt-l' suet-I' SZNGt-l' pt' PNGt) (16) 

and 

SZNGt = f(SZNGt-l' suct..;.I' ADSZt-l' Pt, PNGt) (17) 

where (SUC) is the success ratio defined as the ratio of productive 

to total new wells drilled, and (P), (PNG) are the price of crude oil 

d h - . 12 h an natural gas at t e well head, respectively. In turn, t e success. 

ratio at any time period is a function of the success ratio in the 

previous time period, the av·erage size· of discovery for crude petroleum 

(ADSZ) in the previous period, the average· size of discovery of natural 

gas (SZNG) in the previous period and the depth at which exploration 

is taking place. Hence the following relationship is estimated in· 

order to complete the model: 

suet= f(SUCt-1' ADSZt-1' SZNGt-1' DEPt) (18) 

where (DEP) is the average depth of new exploratory wells. 

Thus the structural model to be estimated consists of eleven 

behavioral equations corresponding to equations (3), (4), (5), (6), 

(7), (9), (10), (15), (16), (17) and (18) in this section. Finally, 

three identities (1), (8) and (11) complete the model. 

Statistical Results and theiP IntePpPetation 

The estimated model consists of 11 stochastic equations and 3 
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identities. Sev-eral of the endogenous variables are simultaneously 

determined ana both two and three stage least squares (3SLS) estimation 

methods were used . The three stage least squares coefficients 

presented had standard errors somewhat lower than the two stage least 

squares coefficients. The resulting estimates a.re summarized in 

Table l; while data sources., transformations and the variables 

utilized are ·summarized in Table 2. 

Coefficients for most parameters estimated via 3SLS were substantailly 

larger than the respective standard errors and signs agreed with 

hypothesized results throughout the model. 

Expected higher prices constitute an incentive to increase 

exploratory drilling for the discovery of crude oil through the 

expected higher profits implied. Furthermore the effect of the 

success ratio in t-1 (SUCt_
1

) in equation (4}is negative, because of 

the inventory depletion effect, and positive in equation (3) because 

f h . . . d . ff "13rh · o t e "1ncent1ve-towar -larger-prospects e ec.t. e success ratio 

furthermore is positively related with depth in that the deeper the 

exploratory wells are dug the larger the expected success ratio tends 

to be. 

The average size of natural gas discoveries (SZNG) becomes 

important in crude oil exploratory because the two products are 

jointly produced. Prior discoveries of natural gas '(SZNGt-l) indicate 

possibility of finding crude oil. 14 Since large prospects and 

certainty tend to be inversely related, SZNGt-l must be positively 

related to the· success ratio in equation (4). But, bec.ause · of 

inventory depletion the average size of natural gas discov~ries 
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2 ·2 2 2. 2 2 

(!) TEOt • 77747.5 - 69778.8 i\!:Wt • 25Rl.<l lNTt • n.nnr,r, [4"o AllSZt (Pt-I • rt,2 • rt-31 /!l • 4••r; SZNGt (l'N(\_, • NIGt-2 + N~<\.3) /9} 
(.1142.41 (6577.0l 1sr,2.21 (0.00141 

-0.00114 [Anszt (Pt-I • rt-2 + rt-3/3) + SZNl;t (f'N(;t-1 • rN<\.2 • rNC\_/31 I 
ro. oori2s1 

Average discovery size of oil 

(2) Zni\DSZt • -74. 75 - 0,0815 ln,\ll:.Zt-l • 

(12.8) [0.0353) 

15.311 lnStJCt-l · 1.4, l>tSZNl\_
1 

-0.:111 /.,pt· 1.:11 /,rPN(;t 

(2.41) (O.ORJ (0.449) (o.·n, 

Average discovery size. of gns 
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(29,93) (0.176) (5,19) (0.0078) (0.819) (3,84) 

Success rat lo 

(4) ZnSIJCt = 2.48 - 0.432 l,iSIJCt-1 - 0.0),18 1,iA()SZt-1 - (),0),18 l>ISZNC\_, • 0.(,)0 lnm,rt 

(0.60) (0.140) (0.0022) (0;0046) (0,043) 

Ext~nsions of rcscrv~s 
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1

• I 
(166053,42) (ll,O.B) 
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Imports of crude ol I 
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2 
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Addition of natural gos ·liqt1ids 
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Proces5ing Gain 
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2 
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Price of crude oi I 

(5.80) (R0744.7J 
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TABLE 2, ·--LIST OF VARIABLES /I.ND DATA SOURCES 

TED = number of new exploratory wells drilled (total productive and 

dry holes drilled each year). 
1
Source: [3], 

SUC = success ratio (ratio of productive to total new wells drilled), 

ADSZ = average size of new oil discoveries (ratio of new discoveries 

to total productive and dry holes). 

SZNG = average size of new naturRl gas discoveries (ratio .of new dis-

coveries to total productive and dry holes) [3], 

DC = new oil discoveries., measured in 42-gallon barrels [4 J. 

EC "' extensions of oil reserves, in 42-gallion barrels [4]. 

TR= total reserves, beginning of year (in 42-gallion barrels) [4]. 

DEP = average depth of new exploratry wells (in feet) [3]. 

EX = expenditures for exploration and drilling {in dollars) [3]. 

ACW = average cost per exploratory well drilled (in dollars) [3]. 

R = crude petroleum reserves (proved reserves at the end of year), 

measured in 42-gallon barrels [4]. 

PNG = price of natural gas liquids at the well head (dollars per 

barrel) [26]. 

P = price of crude oil at the well head (dollars per barrel) [26]. 

S = production of crude oil (thousands of 42-gallon barrels) [3] , 

PRO profit rate on equity of petroleum industry [10] .. 

INT= interest rate (price of commercial paper 4 to 6 months) [8), 

M = imports of crude petroleum (S. I. T. C. : 331. 0.1) . Figures conver­

ted to thou~ands of 42-gallon barrels from metric tons [25]. 

PM = import unit price. Import value (f.o. b.) reported in [25]. 

REF ::: refining capacity utilization. Refining capacity found in r 3J . 

NG ::: natural gas liquids added (thousands of 42-gallon barrels) [3] . 

GA = processing gain (thousands of 42-gallon barrels) [ 3] . 

T = linear time trend. 

DISTR sum of domestically supplied refined pr~ducts, net of imports 

exports and change in petroleum stocks (42-gallon barrels) [26]. 

RC= revisions of established reserves (42-gallon barrels) [4] . 

I ' 

,I 
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decreases over time as does the average size of crude oil.discoveries. 

Extensions of crude oil reserves (EC) respond positively to 

increased expected prices which make secondary recovery methods more 

profitable, especially if recent additions to reserves (DC) are 

relatively small. Production out of reserves (S) also responds 

positively to expected prices, the amount of proven reserves and the 

relative profitability of the petroleum industry. The inclusion of 

.current price levels rather than expected ·prices in an alternative 

formulation of the model [19] did not yield.signifi~ant results. 

The implication of both the theoretical framework and the empirical 

results is that the prevailing price during each time period may or 

may not be positively related to production out of reserves. Production 

out of reserves increases mainly in response to a sustained rise in 

prices. 

Imports of crude petroleum are as expected inelastic with respect 

to the import price (the elasticity is 0.21) partly because of the 

quota system existing over the sample period. The price of crude 

responds not only to the expected demand for refined products but also 

to the capacity utilization-in refining. 

Model Validation and Prediction 

An extensive number of validation measures·were calculated to 

evaluate the efficacy of the model as a predictive device within the 

sample period. Values for key validation measures are presented in 

Table 3. The comparatively low Root Mean Square Errors for all 
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equations suggest that the model could reproduce sample data with a 

high degree of accuracy. Both the original Theil coefficient (23] and 

the New Theil coefficient were calculated [24 p. 28] with similar 

results (See Table 3, Theil Coefficient No. 1 and No. 2 respectively), 

The Theil coefficients were near zero for all equations further sub­

stantiating the efficacy of the model within the sample period .. 

Regression ~oefficients of actual on predicted v~lues ~ere also near one. 

The correlationc;between actual and predicted values were high for all 

equations except equations (3) and (6) of the model; 

To further evaluate the accuracy of the econometric model for 

policy purposes, predictions for three important variables generated 

by the model (domestic 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 beyond the sample period 

(1973-1976). Even though the data for the period 1973-1976 was not 

used in the derivation of c.oefficients in the model, the simulated 

results reveal that the model will predict for years beyond the 

sample period with a high degree of accuracy (Table 4).15 For most 

equations the model predicts a high proportion of the turning points 

over the period 1959-1976. 

Summary 

We have developed an econometric model which examines the 

responsiveness of petroleum exploration to economic ince~tives. 

The model consisted of 11 stochastic equations and 3 identities. 
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The model was estimated via _three stage least squares and was 

validated with a variety of numberical measures. 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. 



(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

.. ..., 

Table 3.--Validation of Three Stage Least Squares Model 

Equation No. 

New exploratory wells 

Average discovery size 
of oil 

Average discovery size 
of gas 

Success ratio 

Extension of reserves 

Revisions of reserves 

Production out of 

Thiel 
Root Mean Coefficient 

Square Error No. 1a 

3366 wells/year .0963 

1253 barrels/ 
well drilled/ 
year 

I. 704 trillion 
cu ft/yr 

10.11 percent/yr. 

1155 barrels/yr.· 

1312 barrels/yr. 

.0830 

.0753 

. 0021 

.0105 

.0193 

Thiel 
Coefficient 

No. 2b 

.0963 

.0831 

.0755 

.0019 

.0105 

.0193 

Regression 
Coefficient 
of Actual on 

Predicted 

.937 

.988 

.962 

.939 

. 950 

.8:38 

reserves 85,700,000 barrels/yr. .0282 .0283 1.010 

Imports of crude oil 

Addition of natural 
gas liquids 

Processing gain 

Price of crude oil 

a \l.!.rcr. A.) 2 
~n 1 1 · 

b 

d1 _. p. 2 + ~i' I A~2 ~n '" 1 n 1 

2 
qP. - A.) 

1 1 

rn.2 
J. 

1068 barrels/yr. 

1066 barrels/yr. 

· 1892 barrels/yr. 

1.015 dollars/yr. 

.0051 .0051 .991 

.0048 .0048 .967 

.0572 .0572 1.006 

.0052 .0052 1.000 

C 

.!_ I (P. - P) (A. - A) n i ]. 

~.!_I(P. n 1 
- P) 2 .!.r(A. 

n 1 
- A)2 

where: 

P. = i~h predicted value 
A~ = ith actual value 

]. 

.94 

.97 

.34 

.94 

.92 

.62 

.97 

.95 

.97 

.88 

.98 
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Table4.--Historic Simulation and Projection of Selected Variables 

Crude oil reserves Price of crude oil Domestic production 
(revisions, extensions at the well headb out of reservesa 

and new discoveries)a 

Year.· Actu~l Simulated Actual Simulated Actual Simulated 

1959 3,666.7 3,427.7 2.90 2.99 2,574.6 2,417.3 
1960 3,365.3 2,340.3 2.87 2.94 ·2,574.9 2,581.5 
1961 2,657.5 2,527.9 2.89 2.96 2,621.7 2,529.6 
1962 2,180.9 2,320.0 2.90 2.95 2,676,2 · 2,641.4 
1963 2,174.1 2,343.8 2.89 2.94 2,752.7 2,662.8 
1964 2,664.7 2,434.5 2.88 2.91 2,786.8 2,972.6 
1965 3,048.0 3,272.9 2.86 2.94 2,848.5 3,074.2 
1966 2,964.0 3,162.3 2.88 2.94 3,027.7 3,169.6 
1967 2,962.1 2,951.2 2.92 - 3.00 3,215.7 3,179.5 
1968 2,454.6 2,282.2 2.94 3.04 3,329.0 3,178.2 
1969 · 2,120.0 2,258.5 3.09 3.06 3,371.7 3,494.2 
1970 12,688.9 10,163.9 3.18 3.17 3,517.4 3,387.7 
1971 2,317.7 2,277.3 3.39 3.50 3,453.9 3,417.6 
1972 1,557.8 1,459.0 3.39 3.50 3,459.0 3,447.0 . 
1973c 2,145.8 2,100.2 3.89 4.19 3,360.9 3,287.7 
1974c 1,993.5 2,000.0 6.74 7.03 3,202.6 3,213.7 
1975c 1,318.4 1,312.3 7.56 7.87 · 3,052.0 3,188.0 
1976c 3,094.2 3,121.1 8.13 9.69 2,825.2 2,832.8 

a . 
in ten thousand barrels. Figures are 

bF. 1.gures are in dollars 

cProjections 
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FOOTNOTES 

We are grateful to E. Clayton, R. S~rensen, A. Randall ·and J. Havlicek 
for helpful comments and the Center for International Studies of the 
Unive~si ty of M~ssouri-SL Louis and the Kentucky Agricultural 

. _Experiment Station for financial support. 
I . 
The results presented in this study are a portion of a larger and as 

2 

yet unfinished effort to explain the behavior of the U.S. petroleum 
industry that combines the explorat1on and production of crude oil 
with the production of refined petroleum products to form a complete 
system. 

A number of econometric studies of the. domestic p~troleum supply have 
appeared recently.• Fisher [9] was the first to estimate supply equations 
for the U.S. petroleum industry. The influence of Fisher's model is 
evident in subsequent empirical studies. This model has been further 
utilized and amplified with reference tci crude oil supply by Erickson, 
Mil1saps and Spann [7] and Epple [6]; and with emphasis on natural gas 
supply by Khazzoom [13] and MacAvoy and Pindyck [15, 16]. 

3
For a more detailed description of the technical aspects of crude 
oil production, see Epple [6, pp. 5-11]. 

4
1tems left out of the identity; such as exports of crude petroleum, 
change in stocks, etc., constitute less than one percent of the total 
amount of refined products. 

5
This argument was first made by MacAvoy and Pindyck [15]. for natural 
gas production. The same underlying assumptions held in the case of 
crude oil production. A reserve-production ratio of about 8:1 is 
usually maintained by oil producers [20]. Hence, an increase of 
approximately eight 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 pf oil would actually 
be needed to increase production by one million barrels. 

6rhe planning horizon coincides with the depletion of the resource. The 
equilibrium path that the price 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 
technicalogical progress affects production [6, 12, 18, 22). 

7 See Adelman [I, 2]. 

8This formulation is appropriate for a decreasing reserve-production 
ratio. MacAvoy and Pindyck provide evidence concerning the exponential 
nature of the function [15, 16]. 



" 

il 

9
The form of the distributed lag utilized is the following [11]: 

EPt = B [wo Pt-1 + wl Pt-2 + w2 Pt-31 + ut 

where: 
w·. = B. /L. S. 

l l J J 
variable. 

and r, . w. = 1 . 
1 l Furthermore~ ut is a random 

1
°For the derivation of the above expressions see MacAvoy and Pindyck 

[16, pp. 67-71 and 132-133]. 

11
This conclusion has been supported by Erickson, Millsaps and Spann [7]. 

12
see Erickson, Millsaps and Spann [7] and MacAvoy and Pindyck [16] on 
the derivation of the joint supplies of oil and natural gas. 

13This point comes more clearly across in this study, because of the 
district-distinguishing effects, involved in Fisher's study [9], as 
Fisher argues the effect df 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 SUCt-l is accompanied by a fall 
in suet. · 

14 . · 
Previous studies have obtained negative coefficients for this same 
variables because natural gas became a valuable by product only after 
mid-fifties. 

15 . 
The discrepancy between the actual and the predicted price of crude oil 
at the wellhead is due to the regulations imposed by the Federal 
Government in 1975 which fixed _the price of "old" oil to a "ceiling" 
price of $5. 25 dollars per barrel. "Old" 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 ~rude 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 primarily due to its relationship with the average import price. 
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