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U.S. OIL DE]iIAI{D AND COI{SERVATION

S.  P .  A .  Brown and Ke i th  R.  Ph i l l i ps*

Recent history has lent casual support to three popular theories about

U,S.  o i l  demand:  U,S.  o j l  consumpt ion  is  very  insens i t i ve  to  chang ing  o i l

p r i ces ;  non-pr ice  conserva t ion  has  reduced U,S.  o i l  demand;  and U.S.  o i l

consumpt ion  fa l l s  more  when o i l  p r i ces  r i se  than i t  r i ses  when pr ices  fa1  l .

Together these theories suggest that oi l  consumption could be held constant

without much economic sacri f ice. Our econonetr ic evidence does not support

these theor ies ,  l le  f jnd  tha t  U.S.  o i1  consumpt ion  is  fa i r l y  respons ive  to

changes in  p r ice  over  the  long run ,  bu t  w i th  a  cons iderab le  1ag.  The lag

accounts for the data that seems to support the popular theories. Sharp oi1

pr ice  inc reases  (o r  the i r  equ iva len t )  w i l l  be  requ i red  to  ho ld  o i l  consumpt ion

cons tan t  dur ing  the  I990s .

I. IilTRODUCTION

Recent growth of U.S. energy consumption has renewed concerns about

energy  secur i ty ,  the  t rade de f ic i t ,  and  the  env i ronment ;  rev iv ing  ca l l s  fo r

energy conservation. Although the benefj ts and costs of energy conservation

are controversial ,  some advocates have argued that extreme energy

con servat j  on--th at is holding energy consumption constant as the economy

grows- -can be  ach ieved w i thout  economic  sacr i f i ce .  (For  ins tance,  see

Chand ler ,  Ge l le r  and Ledbet te r ,  1988. )

Perhaps energy conservation seems costless because recent history has

len t  casua l  suppor t  to  the  theory  tha t  U.S,  o i l  consunpt ion  is  very

insens i t j ve  to  o i l  p r i ces .  0 i1  p r ices  inc reased sharp ly  in  la te  1973 and

1974,  bu t  U.S.  o i l  consumpt ion  rose  f rom 1975 to  1979,  From 1981 th rough

1985,  bo th  o i1  p r ices  and U.S.  o i l  consumpt ion  fe l l .  Then,  a f te r  o i1  p r ices
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p lunged in  1986,  U.S.  o i l  consumpt ion  inc reased on ly  s1  igh t ly  dur ing  the  nex t

few years,

The movements  in  consumpt ion  and o i l  p r i ces  s ince  1980 have a lso  len t

casual support to other, related theories about U,S. oi l  demand, One theory,

wh ich  migh t  be  ca l led  "non-pr ice  conserva t ion , "  i s  tha t  changes in  government

po1 icy and technology have reduced U.S. oi l  demand independently of the

in f luence o f  p r ice .  Another  theory  i s  tha t  U.S.  o i l  consumpt ion  responds

asymmet r ica l l y  to  changes in  i t s  p r ice ;  i t  fa l l s  more  when pr ice  r i ses  than i t

r i ses  when pr ice  fa l l s  (Sweeney,  1986) .  I f  cor rec t ,  these theor ies  wou ld

' inp ly  tha t  ex t reme o i l  conserva t ion  can be  ach ieved re la t i ve ly  pa in less ly .

Because substantial changes in the rat io of oi l  consumption to output

requ i re  new cap i ta l  inves tment ,  p rev jous  s tud ies  have found tha t  o i l

consumpt ion  responds very  s lowly  to  p r ice  changes.  (See Hogan,  l9B9;  Gate ly

and Rappopor t ,  1988;  Hunt ing ton ,  1986;  and Brown and Ph i l l i ps ,  1984, )  That

s low response cou ld  c rea te  the  j l l us ion  tha t  U.S.  o i1  consumpt ion  is  very

insens i t i ve  to  chang ing  o i1  p r ices ,  tha t  non-pr ice  conserva t ion  has  occur red ,

or that consumption responds asymmetrical ly to changes in price. I f  oi l

consumpt ion  is  sens i t i ve  to  p r ice ,  bu t  responds s lowly ,  normal  ra tes  o f

economic growth wil l  provide a strong impetus for increased oi1 consumption

dur ing  the  1990s.  Ex t reme o i l  conserva t ion  cou ld  p rove qu i te  cos t ly .

II. ECOilOIIETRIC AHATYSIS

A,  Es t imat ion  o f  the  Bas ic  i lode l

To investigate these cornpeting explanations for the recent behavior of

U.S.  o i l  consumpt ion ,  we cons t ruc ted  an  economet r ic  mode l  o f  U ,S.  o i l  demand.

Us ing  quar te r ly  da ta ,  we es t imated U.S.  o i l  consumpt ion  as  a  func t ion  o f  pas t

and present  rea l  p r ices  o f  c rude o i1 ,  rea l  g ross  na t iona l  p roduc t ,  and the
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share  o f  GNP in  the  indus t r ia l  sec tor . l  For  purposes  o f  es t ina t ion ,  we used

natura l  logs  o f  a l I  var iab les ,  The ava i lab le  o i l  consumpt ion  da ta  l im i ted

estination to an interval from f irst quarter 1972 through f irst quarter 1988.

To account  fo r  the  lags  in  p r ice ,  bu t  be  pars imon ious  in  es t imat ing  the

model ,  we modeled the effects of price as a polynomial distr ibuted 1ag. l ie

used stat ist ical tests to determine the appropriate nurnber of lags and the

degree of the polynomial .  To al low for an errat ic adjustment process, we

a l lowed the  po lynomia l  to  have a  degree as  h igh  as  12 .  A f te r  f ind ing  38  lags

(9  1 /2  years )  o f  p r ice  op t ima l  ,  our  se lec t ion  procedure  se lec ted  a  n in th -

degree pol ynomi al . '?

The results of model est imation are shown in Table l .  As indicated by a

h igh  R '?and s ign i f i can t  F  va1ue,  the  mode l  f i t s  the  da ta  we l l .  Fur thermore ,

the  res t r j c t ion  imposed on  the  coef f j c ien ts  by  the  n in th -degree po lynomia l

cannot be reiected at the .05 percent 1evel .  (An F-stat ist ic of .54 was

ca lcu la ted  fo r  the  res t r i c t ion  wh i le  a  hurd le  va lue  o f  1 .94  (F?e.a3)  was

required for reject i  on. )

The coeff icient on price and the combined coeff icients on lagged prices

are negative, as expected, and signif icant. l , fe est imated the short-run (same-

quar te r )  p r ice  e las t i c i t y  o f  o i l  demand a t  -0 .08  and the  long- run  (38  quar te r )

p r ice  e las t i c i t y  o f  demand a t  -0 ,56 .  Our  p r ice  e las t i c i t y  es t imates  are

genera l l y  cons is ten t  w i th  p rev ious  s tud ies ,  (See Hogan,  1989;  Gate ly  and

Rappopor t  1988;  Hunt ing ton ,  1986;  Brown and Ph i l l i ps ,  1984;  and Boh i  1981. )

Though o i l  consumpt ion  is  fa i r l y  respons ive  to  p r ice  over  the  long run ,

adjustnent is quite s1ow. The slow adjustment created the appearance that

U.S.  o i l  consumpt ion  was insens i t i ve  to  p r ice  dur ing  the  1970s and 1980s.

The coef f i c ien t  on  GNP is  pos i t i ve ,  as  expec ted ,  and s ign i f i can t .  Though
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rre estjmated the elast ici ty of dernand with respect to real GNP at 1.13, the

coef f i c ien t  i s  no t  s ign i f i can t ly  d i f fe ren t  f rom one,

The coeff icient on industr ial production as a share of GNP is not

signif icantly dif ferent from zero. l ' le were sonewhat surprised to f ind this

var iab le  was no t  s ign i f i can t  in  exp la in ing  o i1  consumpt ion .  l , le  had expec ted ,

other things being equal ,  greater industr ial production would be associated

wi th  g rea ter  o i l  consumpt ion .  A  c loser  examinat ion  o f  the  da ta  revea led  tha t

the  ser ies  had l i t t le  var ia t ion  dur ing  the  es t imat ion  per iod ,  as  we l l  as

l i t t le  e f fec t  on  consumpt ion .  Th is  i s  ev ident  in  the  s tandard ized regress ion

coef f i c ien t  fo r  the  var iab le ,  wh ich  is  - .01 .  The s tandard ized regress ion

coef f i c ien ts  fo r  rea l  GNP and pr ice  are  2 .03  and -3 .63 ,  respec t ive ly ,3

B. Testinq for Non-price Conservation

Because i t  i s  f requent ly  thought  to  be  the  resu l t  o f  techno log ica l  d r i f t ,

non-pr ice  conserva t ion  is  commonly  mode led  as  a  func t ion  o f  t ime.  In  our

model ,  therefore, the effects of non-Drice conservation would be evident as

the  omiss ion  o f  a  t ime-dependent  var iab le .a  I f  an  impor tan t  omi t ted  var iab le

can be  charac ter ized  as  a  func t ion  o f  t ime,  i t s  omiss ion  can lead to

heteroscedast j  c i  ty of the emor terms. (See Maddala, 1988, pp. 208-9.)

Non-price conservation is not supported by the evidence, A test for

heteroscedast j  c i  ty faj led to reject the hypothesis that the error terms of the

regress ion  are  homoscedast ic .  (For  a  d iscuss ion  o f  th is  tes t ,  see  Madda la ,

pp .  162-3 . )  In  shor t ,  p r ice  and the  o ther  var iab les  are  ab le  to  exp la in  the

time trends found in the consumption data, Lagged adjustment to past price

i ncreases--rather than non-price conservation--explains why both the price of

o i l  and  U.S.  o i l  consunpt ion  fe l l  dur ing  the  ear ly  1980s ,
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C. Testi  no for Asvmmetrv

Asymmetry would be evident as instabi l i ty in the estirnated coeff icients

across  per iods  o f  r i s ing  and fa l l  ing  o i1  p r ices .  Ins tab i l  i t y  i s  ind ica ted  i f

the estimated coeff icients change across selected sub-periods for which the

model was estinated.

During the period we studied, the price of oi1 general ly rose through

second quarter 1981, and then general ly decl ined. Nevertheless, the period

cannot  be  d iv ided a t  second quar te r  1981 to  tes t  fo r  ins tab i l i t y .  G iven the

long lags  found in  es t imat jon  over  the  fu l l  per iod ,  the  ear ly  years  in  the

second sub-per iod  wou ld  re f lec t  the  in f luence o f  r i s ing ,  as  we l l  as  fa l l ing

prices. In fact, as of fourth quarter 1985, prices remained above the levels

posted prior to third quarter 1979. During the f irst 3 quarters of 1986,

however, prices dropped sharply. Since then, real prices have remained below

post  1974- l  eve1s .

I f  consumpt ion  responds d i f fe ren t ly  to  r i s ing  pr ices  than to  fa - l1 ing

pr ices ,  a  mode l  f i t  to  da ta  fo r  the  per iod  pr io r  to  1986 wou ld  be  uns tab le  in

the  fo l low ing  per iod .  G iven the  9  observa t ions  in  the  second sub-per iod ,

es t imat ion  o f  coe f f i c ien ts  fo r  the  second per iod  is  no t  poss ib le .  Ins tead,  we

used a predict ive test of stabi l  i ty developed by G. C. Chow for use when the

nurnber of regressors in the second period is greater than the number of

observa t ions .  (For  a  d iscuss jon  o f  th js  tes t ,  see  Madda la ,  pp .  130-7 .  )

Using the test deve' loped by Chow, we fai led to reject that the model

es t imates  are  s tab le  across  per iods  o f  r i s ing  and fa l l ing  o i1  p r ices .  Out -

of-sample forecasts of U.S. oi l  consumption from f irst quarter 1986 through

first quarter 1988, made with coeff icients estimated with data prior to 1986,

are not sign' i f icantly dif ferent at the S-percent level from the actual
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consumption f igures recorded for those quarters. (The calculated F-stat ist ic

was .20  aga ins t  a  hurd le  va lue  o f  1 .64  (F65.n , )  requ i red  to  re iec t  s tab i l i t y , )

Therefore, we f ind no evidence that U.S. oi l  consumption responds

asymmet r ica l l y  to  r i s ing  and fa1  l ing  o i l  p r i ces .  S low ad jus tment - -no t

asymmetry--expl ai ns why U.S. oi l  consumption increased only moderately in the

two years  fo l low ing  the  1986 p lunge in  o i1  p r ices .

III. HO}I COSTLY COilSERVATIOil?

Our econometric f indings suggest that rneaningful oi l  conservation is

l i ke ly  to  p rove  cos t ly  in  the  1990s.  O i l  conserva t ion  in  the  I970s  and 1980s

was the  resu l t  o f  sharp  inc reases  in  the  pr ice  o f  o i l .  As  has  been ev ident  in

the  pas t  few years ,  cur ren t  o i l  p r i ces  are  s t imu la t ing  and w i l l  s t inu la te

renewed growth  in  U.S.  o i l  consumpt ion .  Sharp  pr ice  inc reases  (o r  the i r

equ iva len t )  w i l l  requ i red  to  ho ld  U,S.  o i l  consunpt ion  cons tan t  dur ing  the

1990s.  The narke t  i s  un l  i ke ly  to  genera te  such increases .

A. Past 0i l  Demand and Conservation

From th i rd  quar te r  1973 th rough the  end o f  1985,  U.S.  o i l  consumpt ion

general ly grew more slowly than was impl ied by non-price factors. In-sample

sinulat ions based on our econometric nodel revealed that two episodes of

rapidly r ising oi1 pnices--one from late 1973 through 1974 and another from

1979 to early l98l--combined with slow adjustment to exert downward pressure

on o i l  consumpt ion  th roughout  the  per iod .  Even though rea l  o i l  p r i ces

dec l jned a f te r  1981,  lagged ad jus tment  to  pas t  o i l  pn ice  inc reases  cont inued

to put downward pressure on U.S. oi1 consumption.

The 1986 p lunge in  o i1  p r ices  removed tha t  p ressure .  S ince  f i rs t  quar te r

1985,  o i l  p r i ces  have exer ted  upward  pressure  on  U.S.  o i l  consumpt ion .  Our

s imu la t ions  suggest  tha t  as  o f  1988,  an  o i l  p r i ce  o f  less  than $26.63  per
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barrel would put upward pressure on the o i  I  -consumpt i  on-to-GNP ratio over the

nex t  ten  years .  (A11 pr ices  c i ted  are  the  compos i te  re f iner  acqu is i t ion  cos t

for crude oi l  in 1988 dol lars per barrel .)

B. Future 0i l  Demand and Conservation

Given reasonable assumptions about U.S. economic growth, out-of-sanple

s imu la t ions  based on  our  economet r ic  mode l  ind ica te  tha t  e i ther  o i l

consumpt ion  or  p r ices  w j l l  r i se  sharp ly  dur ing  the  l990s .u  For  a  cons tan t

price of $25 per barrel and economic growth of 2.5 percent annually, we

est imate  tha t  U.S.  o i1  consumpt ion  wou ld  be  near ly  40  percent  h igher  in  2000

than i t  was  1988.  l l i th  economic  g rowth  o f  3 .0  percent  annua l ly ,  U .S.  o i l

consumption would be nearly 50 percent higher in 2000 than i t  was in 1988.

l ' l uch  h igher  o i l  p r i ces  (o r  the i r  equ iva len t )  wou ld  be  requ i red  to  ho ld

U.S.  o i l  consumpt ion  a t  i t s  1988 leve l  .  l l i th  economic  g rowth  o f  2 .5  percent

annua l  l y ,  a  p r ice  o f  $45 per  bar re l  wou ld  be  requ i red  to  ho ld  o i l  U .S,  o i l

consumpt ion  cons tan t  a t  i t s  1988 leve l  o f  about  17  mi l l ion  bar re ls  per  day .

l i i th economic growth of 3.0 percent annually, a price of $50 per barrel would

be requ i  red.

Ho ld ing  U.S.  o i l  consumpt ion  a t  i t s  1988 leve l  w i l I  be  cos t ly  un less  the

market generates about a doubl ing of real world oi l  pr ices by 2000. Prices

that high appear unl ikely. Part icipants in Energy Hodeling Forum l l  recently

forecast oi l  pr ices for 2000 in a range frorn $15 to $35 per barrel (See

Huntington, 1989). Forecasts rnade with demand assumptions that correspond to

our econometric f indings range from $28 to $35 per barrel .

C .  Ach iev ing  0 i l  Conserva t ion

Though ho ld ing  U.S.  o i l  consunpt ion  a t  i t s  1988 leve l  w i l l  requ i re  a

domestic price that is about $15 to $20 per barrel higher than is forecast for



I

2000, the required tax would be greater because U.S. conservation efforts

would depress world oi l  pr ices, I f  non-tax methods are used to further oi l

conservation, the opportunity costs of conservation are l ikely to be higher

than the tax. Although engineering studies can suggest ways to reduce energy

use, Brown (1982) has shown that past attenpts to legislate specif ic

conserva t ion  techno log ies  were  jne f f i c ien t .  The marg ina l  cos t  per  un i t  o f

energy saved varied considerably across the 1egis1 ated technologies. And, the

1egis1 at ion ignored some low-cost methods of conservation.

IV. SU]IIIARY

Est imat jng  the  long- run  pr ice  e las t i c i t y  o f  o i1  demand a t  -0 .56 ,  we f ind

U.S.  o i l  consumpt ion  is  fa i r l y  respons ive  to  changes in  p r ice ,  bu t  i t  requ i res

nearly a decade to adjust ful ly. t , le f ind no evidence that non-price

conservation has shif ted U.S. oi l  demand inward or that consumption responds

asymmetrical ly to changes in price, The slow adjustnent in demand has created

the  appearance tha t  U,S.  o i1  consumpt ion  is  insens i t i ve  to  changes in  p r ice ,

that non-price conservation has occurred, and that consumptjon responds

asymnet r ica l l y  to  changes in  p r ice .

Our  f ind ings  imp ly  tha t  i f  e f fec t i ve  o i l  conserva t ion  po l i c ies  a re  no t

inplemented, low oi l  pr ices and normal economic growth can be expected to

s t inu la te  s t rong growth  in  U.S.  o i l  consumpt ion  dur ing  the  1990s.  Sharp  pr ice

increases  (o r  the i r  equ iva len t )  w i l l  be  requ i red  to  ho ld  o i l  consumpt ion

cons tan t .  That  suggests  tha t  mean ing fu l  o i l  conserva t ion  w i l l  be  cos t ly .
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Tab le  I
Regression Resul ts

fo r  U.  S .  0 i l  Consumot ion

Independent  Var iab les  ( in  na tura l  logs)
Real I  ndustr i  al

Rea l  O i l  Pr ice  in  Produc t ion
Oi l  Pr ice  in  oer iods  t - I  as  share

Intercept period t to t-38 Real GNP of GNP

Coef f i c ien t  2 .01  - .08  - .48  1 .13  - .23

t -s ta t i s t i c  2 .62  -5 .64  70 .22*  1L81  -1 .73

Level of
s ign i f i cance  .01  .01  .01  .01  ,09

Standardi zed
Coef f i c ien t  - .48  -3 .10  2 .03  - .09

Summary Stati  st i  cs

F-Val ue for
0veral l  F-Value Adj R' Durbin-l{atson Polynomial

77 .86  .93  1 .69  .54

*  The va lue  repor ted  fo r  the  lags  o f  o i l  p r i ce  i s  an  F-s ta t i s t i c .



FOOTNOTES

*Research  Depar tnent ,  Federa l  Reserve  Bank o f  Da l las ,  Da l las ,  IX  75222 '

l , le  wou ld  l i ke  to  thank  L inda Hunter ,  Dav id  K l ine ,  Don Norman,  Jer ry  0 'Dr isco1 l

and Jim Sweeney for helpful comments without impl icat ing them in our

conc lus ions .  An ear l  ie r  vers ion  o f  th is  paper  was presented  a t  the  64 th

Annual i . lestern Economic Associat ion International Conference, Lake Tahoe,

Nevada, June 1989, in a session organized by Donald A. Norman, American

Pet ro leun Ins t i tu te .  The v iews expressed in  th is  a r t i c le  a re  those o f  the

authors and should not be attr ibuted to the Federal Reserve Bank of Dallas or

the Federal Reserve System.

l .  Month ly  o i1  consumpt ion  da ta  fo r  the  Un i ted  Sta tes  were  ob ta ined f rom

the U.S, Central IntelI  igence Agency. The data were transformed to quarterly

va lues  o f  average bar re ls  per  day  and then seasona l ly  ad jus ted  w i th  the  X l l

p rocedure  conta ined in  the  Sta t js t i ca l  Ana lys is  Sys ten  (5AS) .

A quarterly serjes of real oi l  pr ices was constructed by taking quarterly

averages  o f  the  month ly  p roducer  p r ice  index  fo r  c rude o i l  ava i lab le  f rom U,S.

Depar tment  o f  Labor  and de f la t ing  i t  w i th  the  f i xed-we igh t  GNP def la to r

ava i lab le  f rom U.S.  Depar tment  o f  Commerce.  The pr ice  ser ies  i s  no t

seasonal ly adj usted.

The real GNP series was obtained from the U.S. Departnent of Commerce.

The rea l  GNP ser ies  i s  seasona l ly  ad jus ted  by  the  source .

A quarterly series of the share of GNP accounted for by industr ial

p roduc t ion  was ob ta ined by  tak ing  quar te r ly  averages  o f  the  month ly  U.S.

industr ial production index avai lable from the Board of Governors of the

Federal Reserve System and dividing j t  by real GNP. The industr ial production

ser ies  i s  seasona l ly  ad jus ted  by  the  source .

?. l l le determined the number of lags by selecting the number that



maximized the adjusted R" without any polynomial restr ict ions. l ie selected

the degree of the polynomial by start ing at 12. I f  the highest degree of the

po lynomia l  was  found ins ign i f i can t  a t  the  S-percent  leve l  ,  we dropped i t  in

the  subsequent  es t imat ion .  l , le  cont inued th is  p rocedure  un t i l  reach ing  a

degree tha t  was  s ign i f i can t .  For  a  more  de ta i led  descr ip t ion  o f  these

procedures ,  see  Madda la ,  l9BB,  pp .  354-61.

3 .  The s tandard ized regress ion  coef f i c ien t  o f  a  var iab le  i s  computed by

mul t ip ly ing  the  var iab le 's  s tandard  dev ia t jon  by  i t s  regress ion  coef f i c ien t ,

and then d iv id ing  tha t  p roduc t  by  the  s tandard  dev ja t ion  o f  the  dependent

var i  ab l  e .

4 .  Though f requent ly  mode led  as  a  func t ion  o f  t ime,  i f  i t  occurs ,  non-

pr ice  conserva t ion  need no t  be  cor re la ted  w i th  t ime.  In  our  mode l  ,  the

ef fec ts  o f  non-pr ice  conserva t ion  migh t  be  ev ident  e i ther  as  ins tab i l i t y  in

mode l  es t imates  or  an  omi t ted  var iab le  tha t  i s  a  func t ion  o f  t ime.  Because we

ru le -ou t  ins tab i l i t y  in  the  es t imated  coef f i c ien ts  be1ow,  on ly  the  omiss ion  o f

a t ime-dependent variable need be considered here.

5 .  For  the  purposes  o f  ou t -o f -sample  s i rnu la t ion ,  we assumed no change in

the i  ndu str i  a1 -product i  on-to-GN P rat io and a GNP el ast ici ty of oi l  demand

equal to un i  ty,
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