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Occasional Paper #765

THE U.S. PETROLEUM INDUSTRY: M
A LARGE SCALE ECONOMETRIC MODEL

Emilio Pagoulatos
Angelos Pagoulatos
David L._Debertin



, The U.S. Petroleum Industry
L A Large Scale Econometrlc Model

:dEmllio Pagoulatos,'Angelos Pagoulatos and David:L.bDebertln*
"~ “In recent yearS'the(United States' as well as other nations » have

become 1ncrea51ng1y concerned w1th the ava1lab111ty of energy resources

to meet 1ncrea51ng energy demands Energy prOJectlons 1nd1cate an

1ncrea51ng gap between avallable supplles and the potent1a1 demand for S

energy resources.

Consumpt1on of energy in- the U S. decreased from a da11y .average

| . of 205 tr1ll1on B T-U. in 1973 to 200 tr1111on B. T u. in 1974, Petroleum"

prov1ded 42 3 percent of the total energy consumed 1n 1974 natural gas

;(dry and l1qu1d) prov1ded 33.9 percent coal 18 percent water power ‘/

4. 2*percent and.uranlum-l 6 percent : Domestlc productlon of crude pet—

roleum has been decrea51ng s1nce 1970 wh11e demand for crude petroleum

1ncreased through 1973 reachlng 4 548 m1111on barrels per year. In 1974,

’bthe demand for crude petroleum decreased to 4 439 m11110n barrels per

year w1th domestlc productlon reduced to 3 199 m1111on barrels per year

Consequently, 1mports of crude petroleum have 1ncreased ~reach1ng an

',,ﬂannual rate of 1, 269 m11110n barrels in 1974 and cau51ng a substantial

: dralngon UtS.vbalance of payments, (Amerlcan Petroleum.Inst1tute,lesser);

~ Crude petroleum appearsutodbe‘the'single most important energy

'source, supplyingv42.3 percentvof the U{S,’total:energy'néeds;'(American

. The authors are repectlvely . Assistant Professor of Econom1cs
at the University of Missouri, St. Louis; Assistant Professor of ’

~Agricultural Economics, University of Kentucky, Assoclate Professor of

Agricultural ‘Economics, Un1ver51ty of Kentucky..

This paper will be publ1shed ‘as Journal Paper No. 76-1-71 of the Unrversrty

of Kentucky‘ggrlcultural Experlment Stat1on.




'Petroleum lnstitute) | Recent-concern'over theafuture~auailabilit}'of
,1mports of crude petroleum and the expected 1ncreases'1n 1mport pr1cesh
necess1tate cont1nued 1nvest1gat1on of the petroleum market

| -Th1s~paper 1nvest1gates the U S structural relatlonshlps‘of the
'demand and supply of crude petroleum and ref1ned petroleum products The j -
'"fundamental equatlon of the model is -an 1dent1ty which descr1bes an

equ111br1um cond1t1on of the market under 1nvest1gat10n

o | | S U B
: hSt.*.Mt,X'pOPf,- E +~At # NG, + GA = I st =
o S ,‘ i=1
= DISTR, =j'€=11~ D¢ .x:P°Pt = Dem + NG GA,

‘ where (t refers to t1me) R

iS£‘% 15 the domest1c supply of crude petroleum

Mt'= is’ the 1mported crude (1n per cap1ta terms)

J'Poptve is’ the U S populatlon

tm
n

“is.1 the exports of crude petroleum
A =_is the change 1n stocks of crude petroleum

NG = is the amount of natural gas 11qu1d5 added to crude
. petroleum for the ref1n1ng process ’ -

- NA. is the amount of lease condensate added to crude

v ,'petroleum for the.- ref1n1ng process. and- the. expans1on
' of 11qu1d5 obtalned by the ref1n1ng process
DISTR = 10 - - -
7 . % 8. =is the summat1on of the domest1ca11y supplled

i=1 v 'ref1ned product (net of imports, exports and changes
~ " in stocks) which have been d1v1ded into ‘ten groups
as follows:. . gasoline, coke, wax, residual fuels,
-distillate fuels, road oil and asphalt 11qu1f1ed
fuels; still gas: and petro- chemlcal fcedstock
-kcrosene lubrlcantsu

1Items left out of the 1ndcnt1ty constitute less than one. per cent of the7:p

total amount of crude or refined ‘products. The same applles for E and A




R CDg = is the summation of the domestically demanded refined

i=1 products (net of 1mports ~exports-and changes in stocks)
o 1-as exp1a1ned above. R . . ~
: Demf [Aé_ls the total der1ved demand of crude for domest1c uses’

The domest1c supply of crude,'1mports of crude the demands and supp11es
of ref1ned products the amounts of natural gas 11qu1ds and the proce551ng
. gain Were estimated along,W1th the-est1mat10n of reserveS'of crude‘petroleum
- the pr1ce of crude and the prof1t rate -of the petroleum industry. by us1ng t1me<'
* series data for the per10d 1959-1972 (Append1x A ‘contains ‘the data sources ;
'fand conver51ons) All equatlons were spec1f1ed as l1near functions due
to the fact that the 11near specifications gave overall better results
';n’terms'of,explalnlng varlatlon; The complete‘system con51sts of ten -
i’demand eduations for petroleum products ‘ten supply equatlons for petroleum }
'_products, and 7 equatlons represent1ng the structural relatlonshlps
1nf1uencrng thepproductlon_of crude 011,,and the'rdentlty; Many
.ofrthe;endogenous;Variables are sdmultaneously‘determined Hence,. both
' 25LS “and SSLS mas used to estimate the model. Parameters reported in
this: paper are SSLS estimates. In the casevof'equatlons with only one1
' endogenous varlable, ' GLS. est1mates of parameters are generated “The
idata ser1es was short and the SSLS and GLS . est1mates were usually

substant1a11y more eff1c1ent than the ZSLS and oLS.

The demand for crude petroleum and petroleum ref1ned products
: Crude petroleum is used in the refinery processes along w1th

h naturaligas liquids,“for the conversion'to‘refined products Estlmatlon '




_of these subdemands therefore can prov1de the der1ved demand for crude
petroleum wh1ch is put 1nto d1fferent uses, only after 1t has been ref1ned

"'f:The follow1ng ten demand equatlons were est1mated via GLS

;'The per cap1ta demand for.gasollne (DGAS) is assumed to be a ”'d"

A functlon of per cap1ta real 1ncome (Y) and the fo110w1ng rela-h f:‘h'
_t1ve pr1ces the pr1ce of gasol1ne re1at1ve to the pr1ce of

. coal,chemlcals (PG/PCC),fthetprlce.of'mlddle d15t111ates rela-'
<It1ve to the pr1ce of coal chemlcals (PD/PCC) and the prlce

of b1tum1nous and 11gn1te coal re1at1ve to’ the pr1ce of coal

chemlcals (PC/PCC)

.The per cap1ta demand for coke (DCOKE) 1s assumed to be a functzon
| - of per cap1ta real income (Y) and the pr1ce of heavy fuels"‘,

(used here as a proxy var1ab1e) relatlve to the pr1ce of coal

Achemlcals (PH/PCC),-

| The per cap1ta demand for reszdual fuel (DRhS) 1s assumed to

g be a functlon of per caplta ‘real 1ncome (Y) and the prlce of mlddle
d15t111ates (used as a proxy varlable) relatlve to the pr1ce of
coal chemlcals (PD/PCC) the pr1ce of gasollne relatlve to the “
' price of coal chemicals (PG/PCC) and ‘the pr1ce of b1tum1nous

: and 11gn1te relatlve to the pr1ce of coal chemlcals (PC/PCC)

if the amounts‘of natural

2From the summation of the refined products
what remains

gas, lease condensate and expansion of liquids is subtracted
is. the requlred amounts of crude petroleum (Pagoulatos 1975).

- . The ten demands for refined products are spec1f1ed in terms of
- reclative prices “by choosing the prices of products 1dent1f1ed as compet-
itive or complementary in the refinery process as well -as the prices of .~
- coal and coal ‘chemicals which are at a large extent compet1t1ve with most BT

rcflncd products




S
The5per,capitafdemand_for_war'(DWAX)‘is assamed to beVal'

v'function of per-capitaareal income'(Y)‘and the price of

-'retall No.. 2 (used here as proxy var1ab1e) relatlve to the pr1ce -

of coal chemlcals (PR/PCC)

Ei_The:per capita:demand'of distillate fuel (DDIS) is assumed

:‘to be a functlon of per cap1ta real income (Y) and the pr1ce of -

'11ght fuels (used as a proxy varlable) relatlve to the pr1ce :

' of coalﬁchemlcals (PL/PCC).

~ The per cap1ta demand for road 011 and asphalt (ROA) 1s assumed';

to be a functlon of per cap1ta real’ 1ncome (Y) and the pr1ce of’h

road 011 and’ asphalt relatlve to the pr1ce of coal chemlcals

' (PROA/PCC)

'w-The per cap1ta demand for 11qu1f1ed fuel (DLIQ) is assumed to'

g be a functlon of per cap1ta real income (Y), -

" the pr1ce of b1tum1nous relative to the prlce of coal chem1ca15~A

»(PC/PCC) and the price of 11qu1f1ed fuel relatlve to the price.

" of coal chemlcals (PLEF/PCC) .

,‘The'per,capita demand forLstili gas and‘petrochemieal'feedstock
(DSGPT)'is assumed to be a function of per'capita real income
{(Y), the pr1Ce of still gas and petrochemlcals relat1ve

"to the prlce of coal chemlcals (PSP/PCC)




The per capita demand for kerosene is assumed to be a function ,';

of per capita real income (Y),’

and a proxy represent—:»
‘~1ng the -average of four prlces of refined products relatlve to'

-:w; the.prlce,ofscoal chem;cals-(PA/PCC);

The per cap1ta demand for lubrlcants (DLUB) is assumed to ‘be "
. a functlon per cap1ta real 1ncome (Y), the pr1ce of lubrlcantst )

relatlve to the price of . coal chemlcals (PLU/PCC) and a 11near g

' time trend (T)

».The resquing estimatés are as follows:*

Demand - for Gesoline::‘b

(1) DGAS = 0.81 + 0.0013¥ + 2.9 PG/PCC -
' (0:81) (0.0001) (10.4) ’
4 5.5 PD/PCC +. 1.5 PC/PCC
@1 o

e;“Demand for Coke

:(2) DCOKE O 16 + 0. OOOO6Y - 0 65 PH/PCC
(0.06) (0.00001) 2. 69)

Demand for Residual Fuel:

(3) DRES - 1.0 + 0.0002Y - 0.5 PD/PCC
© (0-5) (0-00009) (1.3)
, f'_+,17.s P&/PCC + 1.2 PC/PCC
- (7.0) - (0.1)
. Demand for Wax: |

o (4) DWAX = 0.04 + 0.000003Y < 0.73 PR/PCC
- (o 01) (o 000002). (0.24)

,ﬁ'4velues;1n parenthesls;representistandard errors.




Demand for Dlst111ate Fuel

(5 DDIS = - 1.05 + 0.0008Y - 0.19 PL/PCC
- (0.2) (0.0001) (0.12)

f'Demand for Road 011 and Asphalt'

) ’(6) DROA 0,49 + 0. 0001Y - 1.04. PROA/PCC
g 0.1) (0. 00001) (o 2) |

‘ Demand for L1qu1f1ed Fuel

?(7) DLIQ = .092 + 0. 00018Y + .042 PC/PCC
‘ (-076) (0.00002) :

- .33 PLF/PCC
(.41)

.:d'Demand for Still Gas and Petrochemical’Feedstock: r

fv(8) DSGPT 3.7 + 0.00074Y ' = 7. 3 PSP/PCC
' (0 7) (0. 00012) (1 9)

-oDemand-for Kerosene

" (9) DKERO = .86 + 0,00050Y - 1.3 PA/PCC.
S (419) (0.00006) - (0.2)

'”*Demand'foriLubricants:.

(10) DLUB = .15 + 0.00004Y --.45 PLU/PCC.- .0042T -
T - (.04) (0.00001) (-10) (.0016)

IlI,' The domestlc supply of crude petroleum and the demand for 1mports -

: of crude petroleum.

The domestic suppIy of Crude petroleum

In formulating a'domestic-supply of crude petroleum,for'the u. S. ]

~the theory of exhaust1b1e stock resources is ut111zed in developlng the
'assumpt1ons regardlng the respons1veness of 301nt stock companles that
.have ready access: to the loan market (Adelman, Hotelllng, McDonald
‘N1chols Solow Resources for the Future Nordhaus)

The petroleum 1ndustry is assumed to be respond1ng to the differ- -

- ence’ between the expected net pr1ce and the prevallang rate of return 1nj:




"'INT ) N O.ZOS(PRO'.

alternat1ve 1nvestments The domestlc supply of crude petroleum (S)

) 7»15 then assumed to be a functlon of a d1str1buted lag l 05[ 255(PRO -.:: . -

1- t 1) + 0 180 (PROt 2" t 2) + 0. 180 (PROt 3"

3) +0, 180(PRO 4)]where PRO is the profit rate of the

t- 4

_-petroleum 1ndustry and INT the preva111ng 1nterest rate Furthermore

- - o

the domestlc supply of crude (S) 1s assumed to be a functlon of the amount;l

- of reserves (R). the domestlc productlon expendltures in f1xed assets

:h.(FCE), and the labor 1nputs (LAB) (Gr111ches) 5

- The per caplta demand for 1mports of crude petroleum (assumlng

”that the supply of 1mports is h1gh1y elastic at the. preva111ng pr1ces)
/lS assumed to be . a functlon of the expected prof1tab111ty (EX) the pr1ce
fof 1mports (MP), the ref1n1ng capaclty of the u. S. (RC) and the per = -

-caplta ‘demand for crude (PDC)

The:price of crude (P) is assumed to,befa funCtlon-of the amount
of reserves (R),’the per'capita demand for‘crude (PDC); the:rate of pro-<)

f1t of. the petroleum 1ndustry (PRD) and the pr1ce of b1tum1nous and

.llgnlte (PC)

The proflt rate of the petroleum 1ndustry (PRO) is 1n turn assumed ,

. 'to be a functlon of the amount of. reserves (R), the 1abor 1nput (LAB),

fthe prlce °f CTUde (P ) ff_ and the domestlc supply of

;crude (S)

"~ The. reserves of crude petroleum (R), are assumed to be a functlon

- of ‘the pr1ce of crude (P) the drilling act1v1ty (DRI) and the costs

of dr1111ng (CDRI) 6 7::‘

5Reserves affect the domest1c supply of ‘crude petroleum through

" the required reserves production ratio of about- eight '(by ‘taking into-

account the relative efficiency of- recovery, which ranges. from 35 to-

" 40 percent, the ratio takes a value between 24 and 20)

6The probab111ty of success of. explorat1on has rema1ned fa1rly

- constant over the sample perlod rang1ng between 40 and 4[ percent.



" The processing gain from the-refinery’process'(GA) and the,ahouutf;

. pf:haturalfgaauliquids (NG)jadded'to;theicrude'petroleuh'baseibefore'& s
Obtaining the‘refined products arevassumed'tc be a.fuucticn of a tihej»-'

"~trend (T)

- ; The number of exogenous var1ab1es in the total system substantlallyr,

'}exceeds the number of observatlons. Pred1cted (or hat) values used as

3part of the s1mu1taneous est1mat10n procedure for the crude 011 generatlon

~‘submode1 were obta1ned by regre551ng each dependentrvarlable on a11-exof‘v

o genous var1ab1es appearlng in. the crude oil- generatlon submodel " The

”SSLS est1mates of parameters in the submodel were obta1ned by app1y1ng

GLS procedures to ‘the- equatlons of the submodel, using predicted rather L

than actual values for data on each endogenous var1ab1e appearlng in the

r1ght hand side of the regre551on equatlon.

. The sub—model is as fbllows

Supply of Crude

':'(11) S = 51974 + 53442 EX + 20353 FCE . . ¢
(64278) (19192) A (1168) -

420 R+ .22 1AB
(10) - (.69)

- Imports of Crude:

-T-f(12) M = 1.9 + .16 EX + .26 PDC

(1.5)  (.05) .. (:04) -
i - 6.3 RC '}' 1.1 MP

. 5) C0.4)

Price of Crude » _
(13) P =4.1 + .00004R'- ,035 PDC
" (0.2 (.00011)  (.025) -

- 2.3 PBL - ..0A8.PRO
(8.6)  (.030)




.

10 .

'~(jProfit Rate:

'<(14) PRO 52 ¥ .004 R+ .00003 LAB

© (20) (.Qoi) +(:000005)

. 1.0000014- § - 19.374 P
© (.0000013) - (-5.43)

Reserves:

(15) R =1024 '+ 1068 P + 6.5 DRI

(5132) ~ (1472) = (4.6)

- 5.0 CDRI
- (1.5)

Processinngain:

;.’(16) GA = < 57057 + 23816 T

(31694) (368§)

‘Natural Gas

'f(17) NG 260408 + 26887 T .

(6894) . (802)

. The crude 011 generat1on submodel is 11nked to the supply '

of reflned products submodel via the DISTR var1able The

A total amounts of 11qu1ds wh1ch occur as a result of the ref1n1ng ‘

process (DISTR) is calculated by

| 5(18) DISTR S+ GA+ M3 X POP + NG )
) where values for s, GA M and NG are geuerated from equatlous
. ;i11-17 Pred1cted (or hat) values for S; GA M and NG are
’ suﬁmed to produce a predlcted DISTR The predlcted DISTR is’

" then allocated to alternat1ve products via a th1rd system of

equatlons - the supply of reflned products submodel




1
,TIV.V'The.determination of the.supply<of refined petroleuﬁiproducts.

'Ten.supply equations,‘one for‘each refined:product'were postulatedr

' as a funct1on of the total amount of ref1ned products (1 e. crude petro—‘

: ‘_leum, plus natural ‘gas 11qu1ds and the" expan51on of 11qu1ds obta1ned by

the ref1n1ng processes), and the re1at1ve pr1ces of compet1ng product

- (Pagoulatos, 1975)

The total amount of ref1ned products is represented in the var1able -

v>fDISTR which is an argument of a11 the supply equat1ons and the summat1on
- of the key coeff1C1ents of DISTR 1s constralned to one. |

The supply of gasollne is also a- funct1on of the pr1ce of gasol1ne‘ei

“,relat1ve to the pr1ce of road 0il. and asphalt (PG/PROA) The supply of

coke 1s also a funct1on of the pr1ce of heavy fuel relat1ve to the pr1ce of o

E'road.o;l,and‘asphalt (PH/PROA). .The.supply of re51dual.fuels.ls;also ah B
functlon ofhthe'price:of middle distillates5re1ative to:the.price;of'* ’

' lubrlcants (PD/PLU) The.supplveof wax. ishalso‘a functlon offthe price:

’of reta11 No 2 relat1ve to:-the’ pr1ce of lubrlcants (PR/PLU) | The”supply
of d1st111ate fuels 1s also a fhnct1on -of the pr1ce of 11ght fuels. relatlve'
to thelpr1ce of_m1dd1eld15t111ates (PL/PD) and the average of<four”pr1ces -
3 relative tO'the price of middle distillates (PA/Pb) ' The:supply.of road
o11 and asphalt is also a functlon of the pr1ce of heavy fuel relat1ve to
the pr1ce of middle d1st111ates (PH/PD) and the pr1ce of 11qu1f1ed fuels
| relat1ve to the pr1ce of m1dd1e d1st111ates (PL/PD) The supply of -
'l1qu1f1ed fuels 1s also a functlon of the pr1ce of m1dd1e d1st1llates

relatlve to the pr1ce of 11qu1f1ed fuels (PD/PLF) The supply of st1ll

gas and petrochem1ca1 feedstock is also a functlon of the price of m1dd1e 4}

‘;d15t111ates relatlve to the pr1ce of l1ght fuels (PD/PL) The supply of -




12

Kerosene is also-a‘function“of the‘price of light.fhels felatiVe to. the‘ '

: average of the fbur prices (PL/PA) The supply of 1ubr1cants 1s also a

'functlon of the pr1ce of 1ubr1cants re1at1ve to the prlce of reta11 No 2

‘{PLU/PR) and the: pr1ce of m1dd1e dlstlllates relatlve to the pr1ce of
“retail No. 2 (PD/PR). B
| »The resultlng estlmates are as follows

(19) SGAS - 306053 + 0. 39 - DISTR -+ 66994 PG/PROA ‘

| '1(65358) (0.01) - (5568) _
(20) SCOKE - 9985 + 0. 013 DISTR + - 6192 PH/PROA
s (17556)  (0.002)  (3456)
(21) SRES = - 74821 + 0.14 DISTR + 107691 PD/PLU
(33212)  (0.01) - (208
/(22) SWAX = 2172 + 0.0006 DISTR - 93.95 PR/PLU
L . (1251)  (0.0004)  (136)
. (23) SDIS = - 284708 +- 0.11 DISIR + 2344448 PL/PD
7 (205660)  (0.01)  (2890220)
-1210715 PA/PD o
| (1363965) -
(24) SROA= - 10633. + 0.039 DISTR + 63522225 PH/PD
3 © . (8960)  (0.001) . (7593131)
- 246122 PL/PD -
| | ©(77589)

(25) SLIQ = -24697 + 0.038 DISTR - 9.13 PD/PLF
3 S (u733) (0.004)  (9.79) .
(26) . SSGPT = - 26335 + 0.17. DISTR + 192.02 PD/PL
AR (s0122)  (0.01) . (86.64)
(27) SKERO - 94793 + 0:12  DISTR - 3326.7 PL/PA

:  (38013)  (0.02) . - (723.7)
. (28). SLUB = - 3836 +  0.005 DISTR - 2884.8 PD/PR . -

o - (1348)  (0.0008) -~ - (1325.3)

"+ 26554 PLU/PR
" (5864)




- - Conclusions

" We are conv1nced of the possibility of the econometrlc approach

as ‘a tool for descr1b1ng the structure of the petroleum 1ndustry

_Indeed the bulk of the slgns were as expected and the absolute
1‘value of each coefflclent was usually larger than.the correspondlng o

‘standard ‘error.

”fThe estimated long-run income elasticltiesiof théldehands»for,ﬁfh o

. refined products indicate thdt the demands for. gasoline, coke,

‘ residual'fuel wax, road oil'and»asphalt still gas and petrochemical

feedstock and the demand for lubrlcants are relatlvely inelastic w1th

respect to small. varlatlons in real 1ncome (the income e1ast1c1t1es

‘are’ respectlvely: "0.44; 0.57; 0;22; 0.54; 0.69; 0.58;‘0.63). The

demands for distillate fuels,liquified fuels,andikerosene'are!relatively N

'-'f‘felastic withrreSpect to small'changes in real income with income

:4e1ast1c1t1es of 2 38 1. 12 and 1. 83 respectlvely

" The estlmated long run pr1ce demand elast1c1t1es of own prlces o

relatlve to the prlce of coal chemlcals are falrly small - ranglng

from—O 0007 to-O 4 except in the case of kerosene whlch has an

‘elastlclty of -1.78.

The long run elast1c1t1es of the supplies of refined products with

'respect to changes 1n total 11qu1ds ran through the reflnery, were

Small ranglng from 0.0007 for st111 gas and petrochemlcal feedstock

to 0 07 for gasollne and kerosene

The - 1mports of crude petroleum are relatlvely e1ast1c to

changcs in the 1mport prlce hav1ng an elastlcrty of 1,14 The domest1C"



supply of crude has an elaSticityvof 0.64 with respect to changes in
fixed capital ekpenditures and 0.03 with  respect to changes in the

amount of reserves. The reserves of crude petroleum, in turn, have.

- a long-run price elasticity of 0.06.

A computefized quasi simulation model based on theAparameters
derived from the econometric model is- planned which will make it
possible to easily obtain prdjections for endogenous variables based

on alternative assumptions with regard to values for exogenous variables.



LINN

| Hw‘Theil,‘"Principles of Econometrlcsﬂ John W11ey G Sons, Inc., New York

 'REFERENCES
M. A. Adelman "TheAWorld'Petroieum Market", Baltimore, Maryland: The .
John Hopklns Unlver51ty Press 1972. R

Statistics", Amer1can Petroleum Instltute Washlngton D.C. May 1975

J.- Johnston, "Econometric Methods", 2nd Edition McGraw-Hill Inc., -
. New York, 1972 S » , B
39, 137-175..

Stephen L. McDonald "Incentlve Pol1cy and Supplles of Energy Resources"
Amerlcan Journal of Agr1cu1tural Econ0m1cs 56 (May 1974) 397 403

. " National Petroleum Counc11 1971 "United States Energy Outlook An :

initial Appraisal, 1971 1985", National Petroleum Committee on U. S.
Energy Outlook, Task Group Reports Summarles, An Inter1m Report
Volume 2, Washlngton b.C. ,

W, D. Nordhaus “"The allocatlon of Energy Resources" iBrookings'Papers on’

Economlc Act1v1ty,,1975

:7Angelos Pagoulatos "MaJor determlnants affectlng the demand and supply of

energy resources in'the United States"; Ph.D. dlssertatlon "Iowa
State Unlver51ty, Ames Towa, 1975 ’

»-Amerlcan Petroleum Instltute, "Annual Statlstlcal Review- Petroleum Tnudstry f;

'Zvi'Grlllches{‘"Dlstrrbuted Lags:' A Survey",‘Econometrlcass (1967)? «16-47;i

" H: Hotelllng, "The»Economlcs of. Exhaustlble Resources" J;,Polit.PEcon}s o

Angelos Pagoulatos and John F. T1mmons, "Ana1y51s of U.S. demand and supply .

- projections of crude petroleum: through 1985 w1th 1mp11cat10ns for
future U S energy p011c1es" (1n pr1nt)

"Alan Powell "Altken Estlmators as-a Tool in Allocatlng Predetermlned

Aggregates", American Statlstlcl Assoc1atlon Journal (1969)
913-922. : , S

Resources for the Future U S Energy P011c1es, Resources for the Future,
‘Inc., Baltimore, Maryland: The Johns HOpklns Press 1968..

* E. Hubert Risser, "'The U.S. Energy Delemma: The Fap Between Today s

Requirements and Tommorow's Potential'', Enylronmental Geology-Notes,
64, 1111n015 State Geological SurVey, Urbana Illinois‘ July, 1973.

R M. Solow "The Economlcs of Resources or the Resources of Economlcs"
Amerlcan -Economic Rev1ew 64 (May 1974) 1-14. :

1971.




|APPENDIX

' The quant1t1es demanded and suppl1ed of crude petroleum as well )

as the natural gas l1qu1ds and lease condensate and the proce551ng .

: ga1n were taken from the "Annual Statlstlcal Rev1ew" publ1shed by '
the D1v1s1on of Statlstlcs and Econom1cs of the Amer1can Petroleum
1Inst1tute. The respect1ve quant1t1es are reported 1n thousands of 42 p‘f77”

igallon barrels

Populat1on f1gures used to compute per cap1ta magnltudes were -

‘,taken from the "Stat1st1cal Abstract of the Un1ted States" publ1shed

by. the u.S. Department of Commerce U S. Bureau of the Census

'g Income flgures were taken from the "Stat15t1cal Abstract of the

United States" publlshed by the u.s. Department of Commerce U.S.

',"Bureau of the Census

Crude petroleum reserves are the proved reserves at the beg1nn1ng

of the year publlshed in "Petroleum facts and f1gures" of the Amer1can

(Petroleum Instltute The f1gures are reported in 42 gallon barrels

Cap1tal expend1tures of the petroleum 1ndustry were represented

by Domest1c Product1on Expend1tures in f1xed assets The-f1gures were

‘computed and 1ndexed with 1960 as. the base year, from the pub11cat10n'

_"Flnanc1al Analy51s of a. Group of Petroleum Compan1es" of the Energy

Economlcs D1v1s1on of- the Chase Manhattan Bank
Imports of crude petroleum were comp11ed from the "Yearbook of
Internat1ona1 Trade Stat1st1cs" of the United Nat1ons . The S.I.T.C.

(Standard Internat1onal Trade Class1f1cat1on) number used was 331 01

"and the f1gures were converted to 42 gallon barrelstfrom the or1g1na1“7

- metr1c tons




Y,

The price'ofvimports:of'crude petroleum was computed'as a per unit}m
pr1ce from the. value (f 0.b.) and quantity flgures reported 1n the
"Yearbook of Internatlonal Trade Stat1st1cs" |

- The domestlc pr1ce of crude petroleum Tepresents the prlce atbthe

'well (dollars per barrel) The pr1ce flgures were taken from the "Mlneral

Yearbook" pub11shed by the Bureau of Mines.’

' The 1nterest rate was used in the est1mat1on of the supply of crude o

:petroleum The flgures used are the pr1ce of commerc1al paper ' 4 to 6 months

'reported by the Board of Governors of ‘the Federal Reserve System in the

~ "Federal ReServe_Bulletin."l"

_The price of natural gas is the value at.the”wellhead and:was,COmputed/_

rrom.the "Mlnerals Yearbook" published by the‘Bureau of Mines.

The pr1ce of b1tum1nous and l1gn1te was computed as a per un1t pr1ce .
from value ‘and quant1ty (short- ton) flgures reported in the "Mlnerals
Yearbook" of the Bureau of Mlnes | |
| The prrce of'lubrlcants was taken from the "Minerals Yearbookﬁ of
the Bureau»of Mines:e The figures used;represent the pricejof lubricants

wlth 200. v1sc051ty, -at - 100 0-10 pour test 96 V.I. at East Coast

The refining capac1ty for crude petroleum was obtalned from the "Annual

Statlstlcal Review" of the American Petroleum Inst;tute,and represents '

barrels per year_of operating and operable_capaCity.

lThe weights assigned from the distributed lag were derived as
follows. First the following equation was estimated (Griliches):
Yt =B oXt + ByXp-1 + B2Xg-2 + B3X¢-3 + BgXy-4 + Uy and then the lag
" Was Schlflcd as: Y¢ = B[WOXt + W1Xt-1 + W2Xt- 2 4 W3Xt-3 = W4Xt 4] + Ue
~ where Wj = Bj/iBi. : v




The’ wholesale pr1ce ‘index - and the consumer pr1ce 1ndex were computed

from the "Stat15t1cal Abstract of the Un1ted States" publlshed by the Bureau

of the ‘Census by convertlng ‘the Flgures to 1960 base year, They were

. used in the deflat1on of pr1ces

The labor 1nput used in the estlmatlon of the supply of crude h
petroleum represents average hours worked weekly and 1s reported by the»

U.S, Department‘of‘Labor, Bureau of Labor Stat15t1cs;;"Employment.and

'Earnings".

"The'rate of profit of the petroleum industry represents the'v’

rate of" return on book net assets as reported by the F1rst Nat10na1

' C1ty Bank "Monthly Letter"~

The quant1t1es demanded and supplied of the. petroleum ref1ned

products are~expressed in 42 gallon barrels and .were taken from the

"M1nerals Yearbook' of the Bureau of Mines.
-The price of coal chemlcals was computed as a per unit. price from

informatlon about the value'(f,o;b. mines) and’ quantlty (short-tons)g..

freported in the "Minerals Yearbook' of the:Bureau of MiﬁQSb

The price of gasoline is the average price‘offregular grade -

- gasoline (centsiper.gallon)’at the service station including tax. It

s reported in "platt's 0il Price Handbook and Usage' by McGraw Hill,

.t

Inc.

- The price ofpheavy fuels ‘is a Wholesale price:(cents per gallon)

" and is reported in'"Platt's 0il Price Handbook and Usage" by McGraw

- Hill, Inc




The price of 11ght fuels are- wholesale prices (cents per gallod)and
were taken from "Platt's 0il Price Handbook and Usage" wh1ch is publlshed
by McGraw H;Il,'Inc.

The price of road oil and asphalt, ‘the "price“"of Retan No. 2 oil,

,'the pr1ce of m1dd1e d1$t111ates and the pr1ce of st111 gas and petrochem1ca1".f

. feedstock were computed from "Platt's 0il Gram Pr1ce Serv1ce" and they
,represent dollars per barrel | |

The pr1ce of 11qu1f1ed fuels is in cents per gallon and was taken'
frpm the "M1nera1‘s'Yearboekﬂ of the Bureau of Mines. - The pr1cevused
is for programs in the New.York Harbor/Philadelphia. ” |

The average of four>pricee refers to the average between‘meter.
_gasoline, aviation:fuel,dlight fuel and heavy fuel and is.eXpressed in
dollare per barrelhas reported by the "NationalfPetreleun News. Fact ‘

‘_Issue"

The dr1111ng act1v1ty represents number of wells dr111ed and the costs ,

of dr1111ng represent average cost per well The f1gures are reported

"~ in the ﬂAnnual'StatisticalaReview" of the American_Petroleum'Inst;tute.
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