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© AN ECONOMETRIC STUDY OF ‘T1I; RELATIONSHIP BETRELN:
REFINED PRODUGT PRICLS AND THE PRICE OF DOMESTIC AND.

IMPORTED CRUDE QI

Angelos Pagoulatos, Imilio Pagoulatos, David Debertin

This study desdribe5‘thc rclationship between demand: and subplyvof
refined producté ahd thé demand for crude pctfoleum. Despite the growing
impbrtancc‘of joiﬁt prbduct industrics,,ccondmct}ic nttcmpfs to charac-
terize these technologieg hpave met with only limited success (Vinod,
ChriStéhsén,vJofgenson, Lau, jand Griffin).

A few:studies haﬁé.provided econometric estimates for selcctéd
refined'pét:oleﬁm product catégories. In this study éll of the refinced
;petfoleum>product categoriesAare taken into consideration. Demands and
supplies will bc cconometrica11y cstimated. Adams and Griffin were
the first to have attcmptcd.thc estimation of thc;rofining'ppoccss
through linear pfogrdmming methods that were adapted.to reflect the
jointness in production. In this study the demand for crgde oil-is..
linked to the demands for réfined products througﬁ a set'of tcéhnologicniv
relationshipsland thé price equations for each refined product is uscd
to derive'estimagcs of elasticities with respect to quantity éuppliod;
price of domestié crude oil and price of jmborts. .

Paramcters of the structural rclationships are csfimntéd hy two
stage least squarcs, given gho simulténcous frnm;work within which alt
rclatidnships-WOré specified and .the sample period péfformhnpcvqnd:

predictability of models arc cvaluated. The study is part of a



larger model which'ié preScnted in Fjguro‘l with explanations of the
variables in.TaBic 1.
The Uemand for Crude 'Z-’cf;roZmim
Crude petroleum is uscdvin the rcfincry process, aloig with'hatnral

gas;liquids; in‘0rdcf to pr6duce refihqd ﬁroducts. “Thgyumounts of

'érqde petroléum,demandcd can bc derived from the estimation df the
bdemands for rgfihed'produéts. Estimatioﬁ of thésc demands is also
impoftant ih-détermining the necessafy mix of prOducfs‘to bc refined

at any givén’peribd of time. The following equation rcpresents the

technical felationship between crude and 10 major refined product

‘categories:
10 ‘
NG, - NG - GAL = D
n=1 A ]
 where:  Ct is the demand for each refined product catcgory

 NGt is the amount of natural gas liquids used in the refining
‘process
GAt is the processing gain obtained from the expansion of fucls

owing to such processes as reforming and cracking

Dt is the amount of crude petrolcum demanded.

The processing gain represents the cxpansion of fucls owing to
some' refining processes such as reforming and cracking, .and is the

final component nceded to determinc the total amount of rcfﬁncd



-

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

liquids. The quantity of processing gain (GA) increcascs in dircct
proportion to thc amount of crude oil and lcase condensate run through
stills (S}, and declines in proportion to the amount of natural gas-

liquids added for recfining (NG). A nonlinear time trend (ng has

been added to the estimating equation:

A , .3
-GAt = £( NG, S,, T9

The refinery process utilizes not only curde oil and leasc

* condensate but a1so,natura1‘gas 1iQUids.‘ The amount of natural gas

liquids added, because of economic and technological factors, has

been steadily increasing over time. The quantity of natural gas

the price of natural gas quuids (P/PNG) and a time trend (Ti):
NGy ='»f(pt/pNGt,'jr’éf)'

The price of crude 611 (P) is assumed to be positively related
to the sales of refined products and the pfite of crudc imports (PM),
and negatively related to the price of natural gas (PNG) and thﬁ,cxtént -
of refinery capaéity utilization (REF}. A djstfibutcd jag of the
sales_bf refiﬁed pfoducts () rathcr.than actual sales are uscd, becausce _
a sustained incréasc in sales of refined products must occur if
the nricc of crude petrolcum is to incrcasc. chcc, thq price
cqﬁation of tho.mode] is:

Pt;= f(PNGt,'PMt,‘REFt, Ct)



Demands  for Refincd Products

The demands»fbr rcfincd products (Cnt), arc a function of their
own prices (Pnt),'and per capita rcal income (Yt)” In the domnnd for
residual fuel, wdx; road oil, asphalt, still gas and pctfochémical
,feedstock, the'price used is.the rélative'pricc with fcépocf to the
pripe of coai chemicals (PCCt),_which constitutcian:imﬁortant sub—
stitutc. “The number of o0il burners (OILBi), is dircctly related to
the demand for distillate‘fuelg; the average miles flown (MFt), to
thé»demandgfor kerosine;'the'0utput of ?he'chemical industry (CHEMt),
to the_demand\for liduified fuels; the number, use and cfficiency of
car;,,trubks, and fuses (AGVt), to the dcmand for gasolinc;'and;‘tho
milgs of paved roads (NMUt), to the demand for road oilkhnd asphalt.

Because of the sizeable sensitivity of heating uses to

tempqrature, the petroleum industry's heating dcgreé days variable

‘ (DDﬁ), was added in the demands for residual fuel, distillate fuel,

kerosine, .and liquified fuel.l-

The available stock of o0il consuming cquipment is a principdl
determinant of the‘demand.for any given pcttolcum prdduct because it
is generélly not'ﬁossible to substitute aiternativé fuels in machinecs
designéd to-run on a;specific fuel. Substitutions between: fuels takes
place in thé long—run; as when cquipmént is put in place. In the

short-run, economic factors determine the intensity with which



»
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equipment will be used. Therefore, short-run clasticitics are expected

to be less than long-run elasticities (in absolute value) becausc com-
plete adjustment of consumer»dcmand to changes in incomc and/or prices

often .takes years. To capfuro these clasticities the laggcd dopendont

varlable was introduced as an exogenous’ variable in the cquatxon
. Import and End qf the Year Stock Equatﬁons

'Démands for imports werc specified for‘those refined products
for which imported‘amoqnts‘were more than 5 pcréent of tﬁe total
supply. These products are the residual fucl‘and distiilatc fucl.?
The import equations were specified hs.a function of tho degree of
utlllzatlon ‘of domcstlc refining capaclty (REF4), the stocks at the
end of the year (91 )}, and the domcstic supply of the product.

Stocks equations were estimated for the residual fuel, distillate

fuei; lubricants and kerosine. Stocks for these products c0nstitutod

at least 3 percent of the total supply. ‘Stocks at the cﬁd of the
yeér tSTt), are a function of the pricé of the préduct,rthe imported
amounts and the domestic amqunt$ of the product demanded during the
‘year.
The Price of Refined Product

1hc pr]co cquation for cach chlncd product is a function of
the wellhcad domestic price of LlUdC )cholcum Py, tho pwlcovof
imported crude (PMg), tho degree of . domestic rchning.Qupncjty

utilization (REF4), and the amount of the product refined domestically.
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For the products for which stocks at the end of the year were estimated,
thevaere'also_ihcluded in the rcspcctivc.pricéﬁoqugtions._ An exami -
nation of fhe concentrqtion ratios (CONt) of the 1ndusfry indicated
tﬁat igclusion of this varidble would be of importance in the kerosine
'priéechuations!s
A1l of the outputs aré substitutes in production for énch other
given.thc jointness»in the production function. Illowever, the substi-
tqtion,responses are much étrOng¢r between some broduéts than others
'(Griffin).-‘Gasolinc is a stréng substitute with fospcct to distillatc
and pétfochémicgl feedsfocks becéﬁsc the raw matCriél for éasoliﬁo,
_the light and heavy gas oils, can be either run through the catalytic
Cracking process to mdke'gasolinc or blended directly to produce
distillate oil. Sttrong substitution botweon'gnsoljnc and pctrochemicql
feedstocks is also to Bevexpectéd since light naphthas, which arec a
feédstock to the catalytic reformer'for gasoline production, arc also
~a primary petrochemical féodétock.. 
 The substitution chaﬁncls between kerosine and other outputs arc
ones wheré.all outputs exhibit fairly éimilar substifution‘rosponscs.
VThis phenomeon is huc'to the distillation property of kerosine which
is bétﬁcen the gﬁsOline and distiilate cuts from the distillation
uﬁit;:ﬁitﬁ a‘pnrf, but not all oF.thc kerosine Scr?ing n; input‘in

the manufacture of-the two adjacent products.



Vs timation and 'Va/,i(z'al,iu'n of the Model
1ho econometrlc mode1 consists of 10 demand equdtLonq for
reflned petroleum products, lO price ecquations, ‘4 thCk Jd)u;tmcnt
equatlons, 2 1mp0rt>equat10ns and 3 tcchnological'equntions The
paramétcrs of the struéturdl”felatLoushlps arc simultancously-

dotermlned and arc cstlmdtcd by two- stigc least squares.

Tho estimates of the paramcters obtalncd are prescntcd in

Tables 2—6. .The predictive . ability was testcd with favorable results.

~Theil coeffiéients'wereAnear zero and few turning points werc missed.
Interpretation of Renult"4
- Cocfficients for most parameters cstimated via ZSﬂS were
substantialiy 1arger than the respective standard errors sind sfgns
agreed With7hypothcsizcd rcsuits throughout the hodel
The fastest grow1ng demands for refined products are for wax,
11qu1f1ed Euel still pas and petrochemical feedstock followed by
gasoline, coke and f;ad oillﬁnd‘asphult._ The short-run pricc clué—
ticities of demandAwerevaunq to be loﬁcr than the long-run elasti-
cities as it can be seen from.Tablc 7. All of the short—run price
elast1c1tlcs of demand were 1ow cxccpt>for the still- gag nnd petro-

chemicals which was elastic. Duc to the uscs of the fucls and sub-

stitutability the demands for wax and kerosine become clastic in

the long—run.\

From the sign of the cocfficients depicting the jointﬁ%ss in
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the production of refined products it can be scen. that prolonged
controls on gasoline prices would imply grcnfcr output of distillates
and petrochemical feedstock. The same relationship would cxist for

kerosine and residual fuels.

Table 7 also presents the short and long run eclasticities of the

‘prices of domestitally refined petrolcum prices and the price of domestic

and imported crude petroleum. It can be seen that increases in the
domestic price of crude oil have had a larger effect on the prices of

refincd products than what increases in prices of .imported crude have.

&
¥ f‘ .
\e‘%.
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FOOTNOTES - . ‘ - .
The authors are respectively: Assistant Professor of Agricultural
'Ecdnpmics'attthe University of Kentucky; Associatc Professor of
Economics and Research Associate for the Center for International
Studies qt‘the'Univorsity of‘Missouri—St.ihonis, and Associate
Profcssor‘bf Agriculturalvtconomics at the University of Kéntucky;
Thls study was supported by thc Kcntucky Agr1cu1tura1 lxpcrlmcnt

vStatlon and the Center for Internatlonal Studies of the Un1vcr%1ty

of M1550ur1~St. Louis.

Distillate fuel is primarily used for heating and is closcly related
to the number of oil.burners‘jn“uécfand"the weather. Rcsiduql fucl

‘is used;forfheatlng and by publlc utllltles in thc productlon of

electr1c1ty Ker051ne is ‘used for h01t1ng (thcrc is a docrotsxng

uﬁe of ker051ne for hcatlng), as an industrial fuel “and as fuel in L :

cqmmcrcial jet aircraft. Lubricating 0il uscd for antomotivc
_consumption (about half) and the remainder is used ‘in industry.

“Technological change over time has reduced the lubrication oil - .

.requirements.

2Thc Jmports of rCSLdual fuc] are-on the avcrnpc ahout 12 ncrécnt

, of total supply and thc inports of dlbt]llﬂtc fucl arc ahout 7.

;percent.



FOOTNOTLS cont.

ﬁligh concentrationg ratios were found for kerosine, road oil and
asphalt, coke and lubricants. llowever, only the concentration

ratio for kerosine was varying over time.
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List of variables

4Tab1e 1. " .
TED = number ofrnew‘exp1orétory we]is dri]ledv(tota1'prOduCtive'and dry»hd]éS‘dri11ed'eachnyear).
SUC = success rat1o (rat1o of product1ve to tota] new wells drilled). T | f
7  ADSZ = average s1ze of new 011 d1scover1es (ratJo of hew discoveries to tbta1 prdductive:ahd dry
: . holes). - e : S T ,
SZNG = average size of new natural gas d1scover1es (ratio df“new"distovéfies_fbjtoté1 producti&é.
= and dry holes). | ' - : C :
DC = new oil-discoveries, measured in 42—ga1ioh-barre1s._
£C = extension§ of 0il reserves, in 42-ga11oﬁ‘5arrels.
.TR = total reseryes# beginning of year (in 42—9&11on'barre1s);
P = priceiof crude ol ét the we]T.héad (dol]ars per béfre]). ‘
S = pkoduction:o% crude 0il (thbusandé of'42—ga]10n~barrels),
M = imports of crude petfoleum (S.I1.T.C.: 331.01). Figures converted to thousands of 424ga1_
- lon barrels from metric tons. ‘ : - e C o
HG = Haturai‘gas 1idu1ds added.(thousands of 42-gallon barrels).
GA = pfodesﬁing ga{n (fhouéands of 42-gallon barre]S)
DiSTR‘= sum of domest1ca11y supp11ed refined products, net of imports, exports énd change in petro-
' " leum -stocks" (42 gallon barre]s) ) :
" RC = revisions ofyestab]1shed reserves (42-gallon barrels).
;‘DGA =rgasolfng demanded (infthousands of 42—ga110n‘barfe15);
SGA = \

gasoline supplied (in thousands of 42-gallon barrels). = "f”'v - S



Table 1. -- continued.b J

PGA = price of gasoline (is the average: pr1ce of regu]ar grade gasoT1ne, in cents per ga]]on at
the service station including tax).. o

DCO = coke.demanded.(in thousands of 42-gallon barrels).
SCO =. coke supp11ed (1n thousands of 42¥gaﬁ1bn barré]s)

PCO = price of neavy .ue] used as -a proxy for the price of coke (a wholesale price in cents per
’ gaHon) . . . .

DRE-= fuel demanded (in thousands of 42—95110n barrels).

SRE = residual fuel supplied (in thousands of 42-gallon barrels). ' o
-PRE = the pfice of residual fuel (in dollars per batre1) reported. |
STRE = stocks at' the end of the year (in thousands of'42-ga11on-barrels).

o~

imports (in thousands of 42-gallon barrels).

=

P

m
1]

DWAX = wax demanded (in thousands of 42-gallon barrels).
- SHAX = wax supb]ied (in thousands of 42-gallon barrels).
_PHAX = price of retaii No. 2 011 used as a proxy for the price of wax (in do]]ars‘per barrel).
DDIST = disti}]ate»oi1s demandeq_(ih.thouéands of 42-gallons barrels).
SDISTV¥ distillate oils supplied (in thousands of 42 gallon barrels).

PDIST = price of light fuels used as a proxy for the price of distillate oils (is a who1esaTe
' price in cents per gallon).




. -- continued.

stoéks.at the éhd of the year (in thousandsyéf 42-galion barrels).
imports (in tthSands %o 42-gallon barfe]s).
road oil énd aspha?t‘démandéd.(in thousands Of>42-ga11on,barré1s).
road 011 and asphé]t’supp]ied-(1nfthéﬁsands:of”42qga11oh barre1§).
pricé of road-o0il and asphalt (in do11érs ber béfﬁe?). o

1iqu1f1ed fue1s demanded (in thousands of 42’ga110n.barre15).-’




Table 2. Two stage least squares esL1mates for the prwce of-crude 0il,

the processing gain and the

add1t1on to national gas 11qu1ds

ADDITION OF NATURAL GAS LIQUIDS: nNG, = 12.74 - 0.0976 7n(P

| 2
| » ¢/PNG,) + 0.332 1nT
(0.583)(0.590) - (0.026)
o+ 1.95 a7’

PROC ESSING GAIN: nGA, = -36.49 - 3.93 1aNG, + 6.39 xS

(32.65) (2.61)

'-5.25 - 0.0000013

PRICE OF CRUDE o1L: P,

(1.07) (0.0000008)

+0.35 DISTRt-Z)] +

PNG, - 0.120 REF

(0.028)

0.702 PMt
(0.102)

t-1

(3.66) (0.46)

+.0.0000015 [1.1 (0.65 DISTR

-{0.00000008) .

t-1

a,

Values 1n parenthesls are standard errors.
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Table 3. Two Stage Least Squares Results for Distillate Fuels and Gasoline.

- DEMAND FOR DISTILLATE FUELS -- ~ DDIST = 0.592 - O._764 PDIST + 0.00011 O‘I'LB ~.0.00038DD + 0.730 DDIST,C_1

(1.338) (0.327) (0.00008) ~  (0.00015)  (0.570)
INPORTS OF DISTILLATE FUELS -- MDIST = 10,214.930 - 243,736.578 REF + 0.681 STDIST + 0.199 SDIST
| | © (69,965.558) (96,182.294)  (0.188) - (0.080)
PRICE OF DISTILLATE FUELS -- -PDIST =.-2.249 + 0.511 b + 0.542 MPDiST'+_0;472,REF - 0.0000014 ‘HDIST
© (2.287) (0.498) ° (0.512) (1.748)  (0.0000035)
- 0.00000010 STDIST + 0.00000060 SDIST + 0.864 PDiSTt_l
(0.00000037)  (0.00000021) ~  (0.725)
- 0.0000002 SKE - 0.00000009 SGAS N
(0.0000002) ~  (0.00000008)

STOCKS OF DISTILLATE FUELS -- STDIST = 851,816.802 - 393,196.128 PDIST - 75,398.235 DDIST + 1.033 MDIST

(508,995.908) (311,163.294) (49,007.296) (0.467)
- 0.439 STDIST, ,
| - (0.108) | |
DEHAND FOR GASOLINE --  DGA = 4.724 - 1.17 PGA + 0.0090 AGV + 0.00065 Y + 0.350 DGA, ,
(3.139) (1.05) (0.0042) (0.00018)  (0.214)
PRICE OF GASOLINE --  PGA = - 0.018 + 0.0088 P + 0.0000023 PM - 0.010 REF + 0.0000000012 SGA

(0.202) (0.0043) (0.0000017)  (0.163)  (0.0000000003)
- 0.00000001 SDIST - 0.00000018§3P§

- . R +1.089 PGA,

- (0.176) - _ (0.00000001) (0.00000007)

[ T R S




 Tab1é 4. TwokstageiLéast Squares Results for Still Gas, Petrochemical Feedstock, Kerosine and Coke. -

DEMAND FOR STILL GAS- -
PETROCHEMICAL FEEDSTOCK --= DSP

-

- 0.25 - 0.637 PSP/PCC + 0.00071 Y + 0.251 DSP,

(0.496)  (0.00032) (0.233)

PRICE OF STILL GAS-
PETROCHEMICAL FEEDSTOCK -- PSP

- 8.760 + 1.174 P + 0.000055 PM + 5.948 REF - 0.00000063 SSP

(3.584) (0.660) (0.000049)  (2.026)  (0.00000123)
+0.862 PSP,_, - 0.0000076 SGAS B
(0.320) (0.0000039)

1]

DEMAND FOR KEROSINE -- DKE = 0.742 - 0.137 PKE + 0.0000081 MF - 0.000430D + 0.774 DKE, .

(0.678) (0.149) (0.0000073) (0.00014)  (0.348)

- 9.322 + 1.611 P + 0.000044 PM + 4.415 REF + 0.135 CONKE - 0.000024 STKE

PRICE OF KEROSINE -- PKE
o (6.780) (1.247)  (0.000074)  (3.678)  (0.052) ~ (0.000016)

+0.00000026 SKE - 0.221 PKE, , - 0.0000082 SRE - 0.0000009 SDIST

(0.0000005) (0.454)  (0.0000021) (0.0000001) -

59,132.240 - 8,176.576 PKE - 11,391.853 DKE +0.408 STKE, ;

STOCKS OF KEROSINE -= STKE
| | (21,225.944) (3,764.281) (7,200.885)  (0.259)
DEMAND FORCCOKE = DCO = 0.077 - 0.328 PCO + 0.000033 Y + 0.460 bgot_l'
| (0.083) (0.158)  (0.000023) (0.289)
PRICE OF COKE -- PCO = 4.139 + 3.033 P + 0.000092 PM - 12.174 REF + 0.00012 SCO + 0.208 PCO,_,

(15.221) (3.001) (0.000016) (7.18Q) | (0.00002) (0.183)




Table 5. Two Stage Least Squares Results for Residual Fuel Sand Lubficants.

- 0.736 - 0.763 PﬁE/PCC'+fo.OOOZJ Y - 0.00013DD + 0.860 DRE, -

DEMAND FOR RESIDUAL FUELS -- DRE g

(0.734) (0,366) - (0.00011)  (0.00011)  (0.180)
- 816,316.671 + 1,362,759.018 REF + 2,497 STRE - 0,697 SRE ~

(2,418,314.329)(2,524,859.110)  (1.896) (0.171)

n

IMPORTS OF RESIDUAL FUELS -- MRE

216.924 - 36.228 P + 0.0032 PM - 39.704 REF + 0.000036 MRE + 0.00057 STRE

]

PRICE OF RESIDUAL -- PRE
(102.547) (18.284)  (0.0017) | (57.597) (0.000018) (0.000]6)

- .

+ 0.000065 SRE - 0.725 PRE, ; - 0.000059 SKE
(0.000059) (0.277) (0.000048)

- 21,923.917 + 1,148.521 PRE - 25,277.129 DRE - 0.032 MRE - 0.352 STRE

STOCKS OF RESIDUAL FUELS --STRE £

(46,370.296) (638.967) | (9,738.202) . (0.018) (0.255)

DEMAND FOR LUSRICANTS -- DLU = 0.194 - 0.094 PLU + 0.000033 Y - 0.0028 T + 0.27% DLU,

(0.116) (0.081) (0.000014)  (0.0015)  (0.083)
PRICE OF LUBRICANTS -- PLU = 47.955 - 11,034 P + 11.725 PM - 17.900 REF + 0.00052 SLU
| (36.301) (8.001)  (6.418) (21.545)  (0.00031)

- 17.079 PLU, |
(10.006)

t-1

STOCKS OF LUBRICANTS --STLU = 33,281.469'—'2,014.095'P£U - 131,070.238 DLU + 0.802 STLU

(7,073.896) (1,654.830) = (27,013.144) _ (0.102)




Table ~6. T\-Jdestage Least Squares Results for 'Liquilﬁed Fuels, Wax, Road Oﬂ&, -and Asphalt.

_DEMAND OF LIQUIFIED FUELS --

PRICE OF LIQUIFIED --

DEMAND FOR WAX --

PRICE OF WAX --

DEMAND FOR ROAD OIL & --
- ASPHALT '

PRICE OF ROAD OIL & --
ASPHALT

DLIQ = 0.256 - 0.013 PLIQ + 0.00075 CHEM - 0.0000630D + 0.617 DLIQ, |

(0.145)‘(0,011) (0.00067) (0.000053)  (0.260)

PLIQ = - 0.0081 + 0.0028 P + 0.0000015 PM + 0.114 REF - 0.00000044 SLIQ

- (0.2839) (0.0600)  (0.0000022)  (0.123)  (0.00000025)

+0.113 PLIQ, {
(2.026)

DYAX = 0.0048 - 0.228 PWAX/PCC + 0.0013 DGA + 0.737 DHAX, 4

(0.0134) (0.209) (0.0006) (0.178)

PHAX = - 10.844 - 0.825 P + 0.00010 PM + 7.720 REF - 0.00021 SHAX
" (16.496) (0.780) (0.00023)  (3.336) - (0.00017)"
+0.0990 PHAX, |
| - (0.165) o o
DROA = - 1.232 - 0.116 PROA/PCC + 0.00041 MUU + 0.054 D3A + 0.831 DROA,_,
(0.379) (0-304) (0.00011)  (0.014)  (0.159)
PROA = - 2.238 + 0.576 P ~ 0.0000020 PM + 0.841 REF + 0.00000040 SROA

(1.474) (0.282) . (0.0000155)  (0.541)  (0.00000016)

+0.699 PROA,

(0.318)
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