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ASSESSI}IG THE ECONOI{IC C()ST OF UI{ILATERAL ()IL CONSERVATIO]I

S tephen P.  A ,  Brown and H i l la rd  G.  Hunt ing ton*

ABSTRACT

This  a r t i c ' le  examines  the  cos ts  o f  U.S,  o i l  conserva t ion  po l  i cy  by  us ing

parameters fron f ive world oi l  models used in a recent Energy Modeling Forun

s tudy .  Var ia t ion  in  the  es t imated  cos t  o f  U .S.  conserva t ion  across  the  node ls

suggests that taxing oi l  consumption l ' ,ould better serve economic eff icjency

than government  cont ro ls  on  o i l  consumpt ion  leve ls .  Fur thermore ,  the  ana lys is

shows tha t  un i . la te ra l  U .S.  conserva t ion  lowers  the  wor ld  o j l  p r j ce  and

s t imu la tes  non-U.S.  o i l  consumpt ion .  When th is  e f fec t  i s  taken in to  account ,

the  es t jmated  cos t  o f  ach iev ing  a  g iven leve l  o f  wor ld  o i l  conserva t jon

through un i la te ra l  U .S.  ac t ion  can be  subs tan t ia l l y  g rea ter  than the  cos t  o f

ach iev ing  the  same leve l  o f  U .5 .  o i l  conserva t ion .

I. II{TRODUCTION

In  recent  years ,  inc reas ing  a t ten t ion  to  91oba1 env j ronmenta l  p rob lems,

energy  secur i ty ,  and dec l in ing  u .S .  o i l  p roduc t jon  have rev jved ca l l s  fo r

energy conservation. The benefi ts and costs of energy conservation remain

cont rovers ia l  .  Ha l l  (1990,  1992)  has  prov ided comprehens ive  es t imates  o f  the

external i ty costs associated vl i th energy consumption. 0thers, such as Brown

and Ph i l l i ps  (1991) ,  Chand ler ,  e t .  a l  .  (1988)  and the  Nat iona l  Academy o f

Sc iences  (1991) ,  have prov ided es t imates .o f  the  cos ts  o f  conserva t ion .

Prev ious  cos t  s tud jes  have tended t0  assess  the  cos ts  o f  ho ld ing  U.S.  o i l

consumption at a predetermined level and/or rel ied upon a single supply curve

of conservation. Cost est imates such as these are greatly affected by the

pro jec ted  growth  o f  o i l  consumpt ion ,  as  we1 I  as  jnd iv idua l  mode l  parameters .

A more general approach is to use a number of world oi i  models to est ' imate

supp ly  curves  o f  o j l  conserva t ion ,  Us ing  d i f fe r ing  mode ls ,  v ' , i th  vary ing
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parameters, provides a r icher set of assumptions with which the cost of

conservation can be assessed. Varying supply estimates permits an assessment

of the extent of uncertainty about the cost of conservation and is helpful in

deternining whether specif ic conservation mandates can serve economic

eff i  ci  ency.

l i i th  inc reas ing  a t ten t jon  to  91oba1 env i ronmenta l  i ssues ,  po l i cymakers  in

the United States may be concerned about the net effects of domestic oj l

conserva t ion  po l i c ies  on  g loba l  o i l  conserva t ion .  As  the  Un i ted  Sta tes

reduces  i t s  o i l  consumpt ion ,  i t  reduces  wor ld  o i l  p r i ces  and t r iggers

offsett ing gains in world oi l  consumption. These effects can be incorporated

in estimated supply curves of world oi i  conservation achieved through

un i  la te ra l  U .S.  po l  i cy .  Such supp ly  curves  can be  usefu l  in  de termin ing  an

ef f i c ien t  leve l  o f  conserva t ion  po l i cy  when the  perce ived benef i t s  a re

pr imar i l y  g l  oba l  .1

To estinate supply curves of oi l  conservation for the United States, we

used a  th ree-s tep  process .  F i rs t ,  we ob ta ined pro jec ted  pr ices  and

quant i t ies ,  as  we l l  as  p r ice  e las t i c i t ies  o f  supp ly  and demand f rom f i ve  wor ld

oi l  market models that part ' ic jpated in the eleventh Energy Modeling Forum

study, International 0i l  Suoolies and Dernands. |Je then used parameters from

each node l  in  s imu ' la t ion  ana lys is  to  es t imate  how U.S.  o i l  conserva t ion  wou ld

affect prices and quanti t ies on the world oi l  market under a variety of

assumpt ions .  F ina l l y ,  we combined we l fa re  ana lys is  w i th  our  s i rnu la t ion

results and the model parameters to derjve supply curves of conservation for

each o f  the  f i ve  mode ls .

II. A]{ALYTICAI FRAI'IE}IORK

l le  use  we l fa re  ana lys is  as  a  bas is  to  p rov ide  es t imates  o f  the  marg ina l
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cost of oi l  conservatjon. The welfare-theoretic approach has the advantages

of being wel 1 grounded in economic theory and relat ively straight forward to

imp lement  and in te rpre t .  Assessed a t  d i f fe ren t  quant i t ies  o f  conserva t ion ,

estimates of marginal cost can be combined to provide an estimated supply

curve  o f  o i l  conserva t ion .

A.  The Cost  o f  U .S.  Conserva t ion

Hal l  (1990,  1992)  p rov ides  comprehens ive  es t imates  o f  the  ex terna l i t ies

assoc ia ted  w i th  energy  consumpt ion .  I f  the  reduc t ion  o f  ex te rna l i t ies  i s

regarded as  the  soc ja l  benef i t  o f  o i l  conserva t ion ,  then the  cos t  o f  U .S.

conserva t ion  can be  regarded as  the  we l fa re  los t  (exc lus ive  o f  ex te rna l i t ies )

by  reduc ing  U.S.  o i l  consumpt ion  be low i ts  f ree  marke t  quant i t y .2  Under  th is

de f in i t ion  o f  cos t ,  the  nrarg ina l  cos t  o f  conserva t ion  is  the  loss  in  U.S,

we l fa re  tha t  resu l ts  f rom a  marg ina l  reduc t ion  in  consumpt ion .  Th is

re la t ionsh ip  can be  expressed as :

MC,=Po-t.fto, ( l )

In the above equation MC. denotes the marginal cost of conservation, Po the

U.S.  p r i ce  o f  o i l ,  P ,  the  wor ld  p r i ce  o f  o i l ,  Q .  the  quan t i t y  o f  u .S .  o i l

conserva t ion ,  and Q"  the  quant i t y  o f  U .S.  o i l  impor ts .  (A  der iva t ion  o f

equat ion  1  i s  p rov ided in  the  append ix . )

I f  the  Un i ted  Sta tes  is  concerned on ly  w i th  domest ic  conserva t jon ,

equat ion  l  can  be  used to  p rov jde  es t imates  o f  the  cos t  o f  conserva t ion ,  The

narginal cost of conservation is equal to the dif ference between the market 's

va lua t ion  o f  add j t iona l  o i l  consumpt ion ,  Po,  and the  wor ld  p r ice  o f  o i l ,  P*

p1 us  the  amount  by  wh ich  a  marg ina l  inc rease in  U.S.  o i l  conserva t ion  a l te rs
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the  cos t  o f  U .S.  o i l  impor ts ,  (AP, /AQ. ) .QH.  I f  U .S.  o i l  conserva t jon  has  no

ef fec t  on  wor ld  o i l  p r i ces ,  then the  marg ina l  cos t  o f  conserva t ion  is  s in rp ly

the  d i f fe rence be tween the  U.S.  marke t ' s  marg jna l  va lua t ion  o f  o i1  consunpt ion

and the  wor ld  p r ice  o f  o i l .

Theore t ica l l y ,  U ,S.  conserva t ion  can have a  negat ive  or  pos i t i ve  e f fec t

on  the  wor ld  o i l  p r i ce  and,  there fore ,  on  the  U.S.  o i l  . impor t  b i11 .  Because

the  Un i ted  Sta tes  is  a  la rge  consuner  o f  o i l ,  i t s  conserva t ion  pu ts  downward

pressure  on  wor ld  o i l  p r i ces ,  Some conserva t ion  measures  a lso  wou ld  make U.S.

o i l  demand more  ine las t ic ,  wh ich  wou ld  g ive  a  we l l - func t ion ing  OPEC car te l  an

jncent ive  to  ra ise  pr ices .  Because many conserva t ion  measures  wou ld  have on ly

modera te  e f fec ts  on  the  e las t i c i t y  o f  U .S.  o i l  demand and Gr i f f in  (1985)  and

Dahl and Yilcel (1991) have shown OPEC to be less than a perfect cartel ,  U.S.

conservation efforts general ly can be expected to reduce world oi l  pr ices and,

consequen t l y ,  the  U .S .  o i l  impor t  b i l 1 .

B, The GIobal Effects of Unilateral Conservation

In  theory ,  U.S.  o i l  conserva t ion  can lead to  changes in  o i1  consumpt ion

jn the rest of the world that range from enhancing to completely offsett ing

U.S.  conserva t ion  po1 icy .3  In  p rac t ice ,  U.S.  conserva t ion  ac t ions  are  l i ke ly

to be part ial  ly offset by increased oi l  consumption jn the rest of the world.

As  U.S.  o i l  conserva t ion  reduces  the  wor ld  o j l  p r i ce ,  i t  induces  an  inc rease

in  o i l  consumpt ion  ou ts ide  the  Un j ted  Sta tes ,  The ne t  e f fec t  j s  tha t  the

change in  t ro r ld  o i l  conserva t ion  is  sonewhat  less  than the  change in  U.S.  o i l

conserva t ion  tha t  resu l ts  f rom a  un i la te ra l  po1 icy .

Combin ing  these fac to rs ,  the  ne t  e f fec t  o f  U .S.  ac t ions  on  wor ld  o i l

conservation can be expressed as fol lows:



0QcH

dQc

E

- 
dQo*. dP*

dPn dQs
(2)

In the above equation, Q* denotes world oil conservation and Qox the quantity

of  o i l  consumpt ion outs ide the Uni ted States,  (A more thorough examinat ion of

the re la t ionships between U.S.  conservat ion,  wor ld  o i1  pr ices,  and net  wor1d

conservat ion is  prov ided in  the appendix , )

C.  The Marq ina l  Cost  o f  Uni la tera l  Conservat ion

I f  analysts are concerned vl i th the 91oba1 effects of a uni lateral oi l

conservation pol icy, equation l  could provide an inadequate measure of the

cos t .  l i hen  U.S.  o i l  conserva t ion  s t imu la tes  o i l  consumpt ion  ou ts ide  the

Uni ted  Sta tes ,  the  narg ina l  cos t  o f  ach iev jng  wor ld  conserva t ion  th rough

un i la te ra l  po l  i cy  w i l l  be  somewhat  h igher  than the  marg ina l  cos t  o f  U .S.

conservati  on .

Equations l  and 2 can be combined to derive an expression for the

marg ina l  U .S.  cos t  o f  ach iev ing  wor ld  o i l  conserva t ion  th rough un i la te ra l

po l  i cy .  Spec i f i ca l l y ,  d iv id ing  l ' lC ,  ( the  marg ina l  cos t  o f  U .S.  conserva t ion)

by dQcr., /dQc (the change in net world oi l  conservation with respect to a change

in  U .5 .  o i l  conserva t ion )  y ie lds :

(3)

In the above equation, MC., denotes the rnarginal cost to the United States of

ach iev ing  wor ld  o i l  conserva t ion  th rough i t s  un i la te ra l  e f fo r ts .

As  equat ion  3  shows,  the  e f fec ts  tha t  U.S.  o i l  conserva t ion  has  on  the
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cos t  o f  U .S.  o i l  impor ts  and on  fo re ign  o i1  consumpt ion  are  re la ted  th rough

the  wor ld  o i l  p r i ce .  As  u .S .  conserva t ion  lowers  the  wor ld  o i l  pn ice ,  i t

reduces  the  cos t  o f  U .S.  o i1  impor ts  and br ings  about  an  inc rease in  o i l

consumpt ion  ou ts ide  the  Un j ted  Sta tes .  l f  U .S.  conserva t ion  has  no  e f fec t  on

the  wor ld  o i l  p r i ce  (aP$/aQc =  0) ,  bo th  the  cos t  o f  U .S.  o i l  impor ts  and

fore ign  o i l  consumpt ion  w i l l  remain  unchanged.

III. E]'IF STUDY PROVIDES PARAI'IETERS FOR ANALYSIS

Five models of the world oi l  market used in the eleventh Energy l t lodel ing

Forum (EMF) study provide the parameters t, le use in our analysis of the costs

of oi l  conservation, From each model ,  we obtained a set of projected world

o i l  p r i ces  and quant i t ies ,  as  we l I  as  jn fe r red  e las t i c i t ies  o f  supp ly  and

demand for use in our analysis. The use of parameters from a number of models

prov ides  a  r i cher  se t  o f  assumpt ions  f rom wh ich  the  cos t  o f  un i la te ra l  o i l

conservation can be as ses sed.

A. The lilodel s

The e leventh  EMF s tudy ,  In te rna t iona l  0 i l  Suoo l ies  and Demands,  focused

on the supply and demand trends over the 1988-2010 period for various

scenar ios  and the i r  imp l  i ca t ion  fo r  the  wor ld 's  dependence upon Pers ian  Gu l f

o i l .  For  the  EMF s tudy ,  p ropr ie to rs  o f  1 l  economic  mode ls  o f  the  wor ld  o i l

marke t  s imu la ted  l2  d i f fe ren t  scenar ios  w j th  s tandard ized input  assumpt ions ,

An EMF working group comprised of leading analysts and decision-makers from

business, government, and academia analyzed and compared these results,

emphasizing the reasons for and implications of the observed dif ferences among

model s .

The ana lys is  here  is  res t r i c ted  to  the  f i ve  mode ls  shown in  Tab le  1 .  0 f

the I l  models included in the Elt lF study, two did not report results for the
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cartel case, a market-clearing scenario used t0 represent basel jne condit ions

here ,  Two o ther  mode ls  d id  no t  repor t  U .S.  o i l  consumpt ion  separa te ly .  A

f j f th  mode l  d id  no t  p ro jec t  beyond the  year  2000.  And f ina ' I1y ,  the  Gate ly

mode l  was  exc luded because a  re l iab le  es t imate  o f  the  pr ice  e las t i c i t y  o f  U .S.

oi l  demand for the rnodel could not be obtained for the range of prices

requ i red  by  the  ana lys is  here . "  A  compar ison o f  a l l  t l  mode ls  suggests  tha t

the f ive models we use represent well  the range of models that part icipated in

the EMF study.

Kress ,  e t .  a l  ,  (1992)  descr jbe  each mode l  ,s  s t ruc tu re  and key  var iab les .

Key  input  var iab les  fo r  de ter rn in ing  o i1  consumpt ion  in  the  mode ls  inc lude:

the crude oi l  pr ice and GDP (al l  model s), and a t ime trend for autonomous

improvements  in  o i l  e f f i c iency ,  unre la ted  to  p r ice  (0MS and DFI  on ly ) ,  The

demand functions for H0llS and FRB-Dallas are econometrical ly determined; those

for OMS, DFI, and CERI are based upon judgmenta' l  parameters, which for some

mode ls  a re  based par t l y  upon ava i lab le  energy  demand s tud ies .

Reg iona l  d isaggregat ion  ou ts ide  the  Un i ted  Sta tes  var ies  across  mode ls ,

FRB-Dal las  spec i f ies  ind iv idua l  demand equat ions  fo r  the  major  seven 0ECD

countr ies (United States, Canada, Japan, l , lest Gerrnany, France, United Kingdom,

and I ta ly ) .  The remain ing  mode ls  aggregate  the  European count r ies  in to  one

reg ion .  0n  the  supp ly  s ide ,  CERI  d isaggregates  non-OPEC produc t ion  in to  16

major  reg ions ,  wh i le  the  o thers  usua i  l y  d is t ingu ish  on ly  the  Un i ted  Sta tes

from other non-OPEC regions.

B, Basel i  ne Pro.i  ect i  ons

For  each o f  the  f i ve  mode ls ,  v te  ob ta ined a  base l ine  pro jec t ion  o f  p r ices

and quanti t ies for our analysis from a cartel scenarjo for which each modeler

reported results. In the cartel scenarjo, OPEC was assumed to oDerate as a



cartel and world econonic growth t{as

determined the market-clearing worl d

through the interaction of regional

behav i  o r .

C.  Demand and Suoo lv  E las t ic i t ies

B

assumed to be 2.9% per year. Each model

o i l  p r i ce  and quant i t ies  endogenous ly

demands,  supp l ies ,  and 0PEC pr ice-se t t ing

In the El, lF study, results from the models were compared for a variety of

scenar ios,  represent ing d i f ferent  exogenous o i1  pr ice t ra jector ies,  economic

growth paths,  energy-sav ing technica l  progress,  and o i l -producing car te l

behavior. For the analysis here, results from two model runs are used to

in fer  est imates of  pr ice e last ic i t ies  of  reg ional  supply  and demand,

Table 2 reports key elasticit ies that we have inferred from the supply

and demand projections that the modelers reported for two scenarios for which

oi l  pr ices were spec i f ied exogenously .  In  one scenar io ,  the wor ld  o i1  pr ice

is assumed to remain f lat at $18 per barrel .5 In the other scenario, the

wor ld  o i l  pr ice r ises s teadi ly  f rom $18 per  bamel  unt i l  i t  reaches a p la teau

of  $36 per  barre l  in  2000,  a t  which the pr ice is  rna in ta ined through 2010.

Both cases assume that the market economies grow by 2.9 percent per annum and

the U,S, economy grows by 2.6 percent per annum. Because GDP is the same in

both cases, the result ing responses are representative of pure price

e las t ic i t ies .

There are l imi ta t ions to  in fer r ing a model 's  pr ice e last ic i t ies  f rom two

scenar ios (Hunt ington,  1992) .  Never the less,  a  more thorough analys is  o f  how

the EMF models represent 0ECD demand (Huntington, 1993) indicates that the

pr ice e last ic i t ies  we have ' in fer red f rom the f la t  and r is ing pr ice scenar ios

are generally consistent with econometric response surfaces estimated from the

resul ts  o f  a l l  l2  scenar ios,  as wel l  as those repor ted by the modelers
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thensel ves ,

D.  0PEC Suoo lv

Four of the models (OMS, CERI, HOMS and FRB-Da1 las) represent 0PEC

pnice  se t t ing  w i th  p r ice- redc t ion  func t ions .  The f i f th  mode l  ,  DFI ,  represents

0PEC pr ice  se t t ing  w i th  dynarn ic  op t i rn iza t ion ,  A l though the  l2  EMF scenar ios

contained two 0PEC cartel cases--the base case used here and a high demand

case--a conparison of these two scenarios did not reveal how the models would

behave when U.S.  po l  i cy  i s  used to  reduce o i l  demand.

Our analysis is based on three cases of 0PEC supply for each model .  Two

cases  re ly  on  l im i t ing  assumpt ions .  In  one case,  0PEC ac ts  to  ho ld  p r ice

cons tan t - - tha t  i s ,  0PEC supp ly  i s  per fec t l y  e las t i c .  In  the  o ther  case,  0PEC

holds  i t s  p roduc t ion  cons tan t - - tha t  i s ,  OPEC supp ly  i s  per fec t l y  ine las t i c .  A

th j rd  case re l  ies  on  an  the  in te rmed ia te  assumpt ion  tha t  OPEC supp ly  i s

un i ta ry  e las t i c .  A l though un i fo rm assunpt ions  about  OPEC supp ly  reduce the

poten t ia l  var ia t ion  in  cos t  es t imates  across  mode ls ,  the  remain ing  var ia t ion

' i  s i  nstruct i  ve .

Furthermore, our examination of the DFI, O| ' |S and FRB-Dallas models

ind ica tes  tha t  a  un i ta ry  0PEC supp ly  e las t i c i t y  may be  a  reasonab le

approx imat ion  fo r  the  node ls ,  Ana lys is  o f  the  DFI  mode l  ind ica ted  a  supp ly

e las t ic i t y  somewhat  less  than un i ty  when 0PEC js  pushed to  expand i t s  capac i ty

subs tan t ia l l y .  A  grea ter  e las t i c i t y  migh t  be  ind ica ted  when 0PEC is  no t

pushed to  expand i t s  capac i ty  subs tan t ia l l y - -as  wou ld  be  the  case when U,S,

po1 icy reduces wor' ld oi l  demand.

D i rec t  ana lys is  o f  the  pr ice- reac t ion  func t ions  in  the  OMS and FRB-Dal las

mode ls  revea led  re1  a t i ve ly  low supp ly  e las t i c i t ' i es  when capac i ty  i s  taken as

g iven,  bu t  in fo rmal  d iscuss ion  w i th  severa l  mode lers  ' ind ica te  tha t  OPEC
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capacity f igures are often adjusted on a. judgmental basis when a scenario

y ie lds  p ro jec ted  o i l  p r i ces  tha t  a re  too  h igh  or  low.  Such ad jus tments

increase the  e las t i c i t y  o f  0PEC supp ly .

IV. THE COST OF COilSERVATIOI{

l , le used parameters from each of the f ive rnodels described above in a

ser ies  o f  s imu la t ion  ana lyses  to  p rov ide  mul t ip le  es t ina tes  o f  the  e f fec ts  o f

U.S.  o i l  conserva t ion  on  pr ices  and quant i t ies  on  the  wor ld  o j l  marke t ,  l l l e

then used equations I and 3 to estimate supply (marginal cost) curves of

conservation for each of the f ive nodels under three assumptions about 0pEC

behav io r ,  The th ree  cases  fo r  0PEC supp ly  inc lude:  one in  wh ich  OPEC ad jus ts

i ts  ou tpu t  such tha t  the  wor ld  p r ice  o f  o i l  i s  unchanged,  one in  wh ich  OpEC

has a  un i ta ry  e las t i c i t y  o f  supp ly ,  and one in  wh ich  OpEC produc t ion  is

unchanged.

A.  I f  the  Wor ld  O i l  Pr ice  Doesn, t  Chanqe

Figure  I  p lo ts  supp ly  (marg ina l  cos t )  curves  o f  U.S.  conserva t ion  fo r  the

year 2010 for each model under the assumption that 0pEC adjusts i ts production

to  keep the  wor ld  p r ice  o f  o i l  unchanged,6  I f  the  wor ld  p r ice  o f  o i l  does

not  change,  the  marg ina l  cos t  o f  U ,S.  conserva t ion  a t  any  g iven leve l  o f

conserva t ion  is  the  pr ice  inc rease ( imp l  ied  tax  on  U.S.  o i l  consumpt ion)

requ i red  to  ach ieve  tha t  leve l  o f  conserva t jon .  As  F igure  I  shows,  the

marginal cost est jmated for each model r jses as the amount of U.S.

conserva t ion  i  nc reases  .7

l . la rg ina l  cos ts  r i se  nore  s teep ly  fo r  mode ls  in  wh ich  U.S.  o i l

consumpt ion  is  less  respons ive  to  p r ice  (AQD/apD is  less  negat ive) .  (The

respons iveness  o f  consumpt ion  to  p r ice  is  a  d . i rec t  func t ion  o f  the  ra t io  o f

p r ice  to  consumpt ion  in  the  car te . l  case ,  as  we l  l  as  the  pr ice  e las t i c i t y  o f
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demand. )  DFI  has  the  most  s teep ly  s loped conserva t ion  curve  because U.S.  o i l

consumpt ion  is  leas t  sens i t i ve  to  p r ice  jn  th is  mode l  .  CERI  and FRB-Dal las

have the  leas t  s teep ly  s loped curves  because they  represent  U.5 .  o j l

consumption as more sensit ive to price. OMS and HOMS fal l  between these other

est i  nates .

As  F igure  I  shows,  se t t ing  quant i t y  ta rge ts  fo r  U.S.  o i l  conserva t ion

po l  i cy  y ie lds  w ide ly  var ied  narg ina l  cos t  es t imates  across  the  mode ls .

Resu l ts  f rom a l l  o f  the  mode ls  ind ica te  tha t  the  f j rs t  m i l l i on  bar re ls  per  day

of oi l  conservation can be had for a margina' l  cost of less than $10 per

banel .  For the H014S, OMS and DFI models, the marginal cost of conservation

r ises  above $20 per  bar re l  be fore  o i l  conserva t ion  reaches  two mi l l ion  bar re ls

per  day .  A t  two mi l l ion  bamels  per  day ,  the  CERI  and FRB-Dal las  mode ls  s t i l l

show the marginal cost of conservation below $10 per barrel ,  For the CERI and

FRB-Dal las  mode ls ,  the  marg ina l  cos t  o f  conserva t ion  r i ses  above $20 per

barrel after oi l  conservation reaches four mil l ion bamels per day. At four

mi l l ion  bar re ls  per  day ,  the  H0MS,  OMS and DFI  mode ls  a l l  ind ica te  a  marg , ina l

cos t  o f  o i l  conserva t ion  over  $50 ner  bar re l  .

A conservation pol icy that sets targets for U.S. oi l  consumption based on

h is to r ica l  use  a lso  y ie lds  w ide ly  var ied  es t i rna tes  o f  marg ina l  cos t  across  the

mode ls .  For  each mode l  ,  Tab le  3  shows the  rnarg ina l  cos t  o f  ho ld ing  U.S.  o i l

consunpt ion  in  the  year  2010 to  the  leve l  es tab l i shed in  1988.  Es t imates

range fron lows of near $13 per barrel with the CERI and OMS models to highs

near $30 with the H0]l lS and FRB-Dallas models,

For each model ,  Table 3 also compares assumed 1988 U.S. oi l  consumption

wi th  tha t  p ro jec ted  fo r  the  year  2010.  The d i f fe rence ind ica tes  how much o i l

conserva t ' ion  the  Un i ted  Sta tes  wou ld  have to  ach ieve  to  keep i t s  o i l
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consumption from growing over the 22 year period from 1988 to 2010, according

to each model .

In  deve lop ing  the  cos t  es t imates ,  d i f fe rences  in  the  pro jec ted  quant i t ies

o f  o i l  consurnpt ion ,  as  v le l l  as  the  respons iveness  o f  consumpt i0n  to  changes in

pr ice  cont r ibu te  to  the  d i f fe rences  in  cos t  es t imates  across  the  mode ls .

A l though the  FRB-Dal  las  and CERI  mode ls  ev idence a  s imi la r  respons iveness  in

U.S.  consumpt ion  to  changes in  p r ice ,  the  mode ls  p rov ide  the  oppos i te  ends  o f

the  cos t  es t imates ,  because the  FRB-Dal las  mode l  p ro jec ted  much h igher

consumption for the year 2010 than the CERI rnodel .  Similarly, H0MS shows a

higher marginal cost than OMS because HOll |S projected rnuch higher consumption

for  the  year  2010 than OMS.  The OMS and CERI  mode ls  p rov ide  s imi la r  marg ina l

cos t  es t ina tes  because the  lower  p ro jec t ion  fo r  U.S.  consumpt ion  w i th  the  OMS

model  o f fse ts  the  fac t  tha t  i t  shows U.S.  o i l  consumpt ion  as  less  sens i t i ve  to

pr ice  than the  CERI  node l  .

B .  l f  0PEC Supp ly  E las t ic i t v  i s  Un i ta rv

Under  the  assumpt ion  tha t  0PEC has  a  un i ta ry  supp ly  e las t i c i t y ,  a l1  o f

the  mode ls  show tha t  u .S .  o i l  conserva t ion  reduces  the  wor ld  o i l  p r i ce ,  A l l

o f  the  mode ls  a lso  show tha t  a  lower  wor ld  o i l  p r i ce  s t imu la tes  non-u .S.  o i l

consumpt ion .  The e f fec ts  o f  U.S.  conserva t ion  on  the  wor ld  o i1  p r ice  and non-

U.S.  o i l  consumpt ion  a l te rs  our  es t imates  o f  the  marg ina l  cos ts  o f  o i l

conservati  on.

The es t imated reduc t ions  in  the  wor ld  o j l  p r i ce  and ga ins  in  non-U.S.  o i l

consumption vary across the models. At one extreme, the DFI model shows non-

U.S.  o i l  consumpt ion  inc reas ing  by  about  20  percent  fo r  each bar re l  o f  o i l

that the United States conserves. At the other extreme, the CERI and FRB-

Dal las  mode ls  s  hor , ' ,  non-U.S.  o i l  consumpt ion  inc reas ing  by  about  30  percent  fo r
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each barrel of oi l  that the United States conserves. The OMS and H0MS models

show non-U.5, oi l  consumption increasing by about 25 percent for each barrel

o f  o i l  tha t  the  un i ted  Sta tes  conserves .

Figure 2 shows three supply curves of conservation for the OMS model for

the year 2010, One of the curves represent the marginal cost of conservation

when the  wor ld  o i l  p r i ce  does  no t  change- - tha t  i s  by  how much the  o i l  p r i ce

pa id  by  U.S.  consumers  must  r i se  to  ach ieve  g iven leve ls  o f  conserva t ion .  The

other two curves represent the marginal cost of U.S. oi l  conservation and

marg ina l  cos t  o f  ach iev ing  wor ld  conserva t ion  th rough un i la te ra l  U .S.  ac t jons

when OPEC has  a  un i ta ry  supp ly  e l  as t i c i t y .

As  F igure  2  shows,  a  un i ta ry  OPEC supp ly  e las t i c i t y  a l te rs  the  marg ina ' l

cos t  o f  U .S.  conserva t ion  f rom the  scenar io  in  wh ich  i t  i s  assumed tha t  U.S.

o i l  consumpt ion  has  no  e f fec t  on  the  wor ld  o i l  p r i ce .  Wi th  a  un ' i ta ry  0PEC

supp ly  e las t i c i t y ,  the  marg ina l  cos t  o f  conserva t ion  is  negat ive  a t  zero

conserva t jon  because increas ing  conserva t ion  f rom th is  po in t  w i l l  lower  the

pr ice  pa id  fo r  o i l  impor ts ,  The marg ina l  cos t  curve  is  a lso  s teeper  w i th  a

un i ta ry  OPEC supp ly  e las t i c i t y  because the  d i f fe rence be tween the  imp l  ied  U.S.

consumption price (Po) and the world oi l  pr ice (pr) grows faster than po as

conserva t ion  is  inc reased and the  va lue  o f  reduc ing  the  pr ice  o f  o i1  inpor ts

fa l l s  as  conserva t ion  reduces  U.S,  o i l  impor ts .

The un i ta ry  0PEC supp ly  e1  as t ic i t y  d ras t ica l l y  s teepens the  supp ly  curve

of  wor ld  o i l  conserva t ion  ach ieved th rough un i la te ra l  U .S.  ac t ions .  l l l j th  U.S.

conserva t jon  s t imu la t ing  non-U.S.  o i l  consumpt ion ,  a  one-un i t  ga in  in  wor ld

conserva t ion  th rough un i la te ra l  U .S.  ac t ion  requ i res  more  than a  one-un i t  ga in

in  U.  S.  conservat ion.

As Figure 3 shows, the modelsprov ide  vary ing  es t imates  o f  the  supp ly
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curve of U.S. conservation for the year 2010, even t. ' r j th the common assumption

tha t  OPEC has  a  un i ta ry  supp ly  e las t i c i t y .  Resu l ts  f rom a l l  o f  the  mode ls

ind ica te  the  f i rs t  m i l l i on  bamels  per  day  o f  o i l  conserva t ion  can be  had fo r

a  marg ina l  cos t  o f  less  than $4  per  bar re l  .  The FRB-Dal ias  and CERI  mode ls

show negat ive  marg ina l  cos ts  a t  one mi l l ion  bar re ls  per  day .  For  the  H0MS,

OMS and DFI models, the marginal cost of conservation r ises to about 915 per

bamel  a round two mi l l ion  bamels  per  day .  A t  two mi l l ion  bar re ls  per  day ,

FRB-Dal las  mode l  s t i l l  shows a  negat ive  marg ina l  cos t  and the  CERI  mode l  shows

a marg ina l  cos t  be low $4 per  bamel .  For  the  CERI  and FRB-Dal las  mode ls ,  the

marg ina l  cos t  o f  conserva t ion  r i ses  to  $15 per  bar re l  when o i l  conserva t ion

reaches about  four  mi l l ion  bar re ls  per  day .  A t  four  mi l l ion  bamels  per  day ,

the HOMS, OHS and DFI models al l  indicate a marqinal cost of oi l  conservation

over $50 per barrel .

As Figure 4 shows, the rnodel s a1 so provide varying estimates of the

supp ly  curve  o f  wor ld  conserva t ion  ach ieved th rough un i la te ra l  U ,S,  ac t ions .

Resu l ts  f rom a l l  o f  the  mode ls  ind ica te  the  f i rs t  m i l l i on  bamels  per  day  o f

oi l  conservation can be had for a marginal cost of less than $9 per barrel .

The FRB-Dal las  mode l  shows negat ive  marg ina l  cos ts  a t  one mi l l ion  bamels  per

day, For the H0l4S, OMS and DFI models, the marginal cost of conservation

rises to about $30 per bamel around t lvo mil l ion barrels per day. At two

mi l l ion  bar re ls  per  day ,  the  CERI  and FRB-Dal las  rnode ls  s t i l l  show marg ina l

cos t  a t  o r  be low $12 per  bar re l  .  For  the  CERI  and FRB-Dal las  mode ls ,  the

marginal cost of conservation r ises to $30 per barrei when oi l  conservation

reaches about  four  mi l l ion  bar re ls  per  day .  A t  four  mi l l ion  bar re ls  per  day ,

the H0MS, 0lt1S and DFI models al l  indicate a maroinal cost of oi l  conservation

over $90 per barrel ,
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C.  I f  0PEC Produc t ion  Doesn ' t  Chanqe

Under the assumption that OPEC production does not change, al l  of the

mode ls  show tha t  U,S.  o i l  conserva t ion  reduces  the  wor ' ld  o i1  p r ice  more  than

they  d id  under  the  assumpt idn  tha t  0PEC has  a  un i ta ry  supp ly  e las t i c i t y .  A l l

of the models also show that the lower world oi l  pr ice further st imulates non-

U.S,  o i l  consumpt ion .  I f  0PEC does no t  ad jus t  i t s  p roduc t ion  to  reduced U.S,

o i l  consumpt ion ,  any  g iven change in  U.S.  consumpt ion  requ i res  a  g rea ter

reduc t ion  in  non-0PEC supp ly  and a  grea ter  inc rease in  non-U.S,  consumpt ion  to

rees tab l i sh  marke t  c lear ing  cond j t ions ,  The ad jus tment  requ i res  a  g rea ter

pr ice  reduc t ion  than wou ld  be  needed i f  OpEC ad jus ts  i t s  p roduc t ion .

The in tens j f ied  e f fec ts  o f  U,S.  conserva t ion  on  the  wor ld  o i l  p r i ce  and

non-U.S.  o i l  consumpt ion  a l te rs  the  es t imates  o f  the  marg ina l  cos ts  o f  o j l

conservatjon. As Figure 5 shows for the OMS model ,  the greater abi l i ty of

U,S.  conserva t ion  to  reduce the  wor ld  o i l  p r i ce  means a  lower  marg ina l  cos t  o f

U,S.  o i l  conserva t ion  a t  su f f i c ien t ly  low quant i t ies  o f  U.S.  o i l  conserva t ion .

In  th is  regard ,  a l l  o f  the  mode ls  show resu l ts  s im i la r  to  tha t  ob ta ined f rom

the 0l lS model ,  The models show lower narginal costs because U,S. conservation

h,as a greater impact jn reducing u.S. import costs when i t  more sharply

reduces  wor ld  o i l  Dr ices .

A per fec t l y  ine las t i c  0PEC supp ly  a lso  makes the  es t imated  supp ly  curves

of  U.S.  conserva t ion  s teeper ,  Under  th is  e las t i c i t y  assumpt ion ,  the

d i f fe rence be tween the  imp l  ied  U.S.  consumpt ion  pr ice  (Po)  and the  wor ld  o i l

pn ice  (Pu)  inc reases  more  sharp ly  as  conserva t jon  is  inc reased,  In  add i t ion ,

the  va lue  o f  reduc ing  the  cos t  o f  o i1  impor ts  fa l l s  more  sharp ly  under  th is

e l  as t j c i t y  assunpt i  on .

At  su f f i c ien t ly  h igh  quant i t ies  o f  conserva t . i  on  -  -  about  four  mi l l ion  to



l 6

f i ve  mi l l ion  bamels  per  day- -a l1  o f  the  mode ls  show about  the  same marg ina l

cos ts  fo r  U.S.  conserva t ion  tha t  they  do  r l i th  a  un i ta ry  0pEC supp ly

e las t ic i t y .  A t  four  m ' i l l i on  bar re ls  per  day ,  the  OMS mode l  ac tua l l y  shows

s l igh t ly  h igher  marg ina l  cos ts  undef  the  assumpt ion  tha t  0pEC does no t  ad jus t

i t s  p roduc t ion .  A t  h igh  enough conserva t ion  Ieve ls - -nore  than s ix  rn i l l i on

barrels per day--the other four models show higher marginal costs of

conserva t ion  under  the  assumpt ion  tha t  opEC supp ly  i s  per fec i l y  ine las t i c .

The o f fse t t ing  inc reases  in  non-U.S.  o i l  consunpt ion  tha t  resu l t  f rom

U.S.  conserva t ion  are  cons iderab le  i f  0PEC supp ly  i s  per fec t l y  ine las t i c .

Estimates range from a 4S-percent offset (H0lr1S) to about an 8S-percent offset

(CERI) for every banel of oi l  that the United States conserves. The OMS,

FRB-Dal las  and DFI  mode ls  show non-U.S,  o i l  consurnpt ion  inc reas ing  by  50  to  70

percent for each barrel of oi l  that the United States conserves.

As Figure 5 shows for the OHS model ,  the s. ize of the offsett ing gains in

non-U.S.  o i1  consumpt ion  tha t  resu l t  f rom U,S.  o i l  conserva t ion  are  re f lec ted

in  the  es t imated  supp ly  curves  o f  wor ld  conserva t ion  ach ieved th rough

un i la te ra l  U .S.  ac t ion .  I f  0PEC supp ly  i s  per fec t l y  ine las t i c ,  the  OMS mode l

shows that the marginal cost of reducing world consumpt. ion by one mil ' l  ion

bamels  per  day  th rough un j la te ra l  U .S.  ac t ion  wou ld  be  more  than $85 per

barrel .

As Figure 6 shows, even with the common assumption that 0pEC supply is

per fec t l y  ine las t i c ,  the  mode ls  p rov ide  w ide ly  vary ing  es t imates  o f  the

marg ina l  cos ts  o f  ach iev ing  wor ld  o i l  conserva t ion  th rough un i la te ra l  U .S,

actions. At one extreme, the CERI model shows the marginal cost of reducing

wor ld  o i l  consumpt ion  by  a  ha l f  a  mi l l ion  bar re ls  per  day  wou ld  be  more  than

$100 per  bar re l  .  In  cont ras t ,  the  FRB-Dal las  mode l  shows the  marg ina l  cos t  o f
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reducing wor ld  o i l  consumpt ion by three rn i l l ion barre ls  per  day to  be just

over $90 ott ottttt' 

u. c'sT EsrItATEs RE.''{'IDERED

The analysis presented here assumes that oil conservation can only be

obtained by getting consuners to adopt techniques that they would f ind more

cost ly  to  use than o i l .  In  addi t ion,  i t  assumes that . the po l  i t ica l  process

wi l l  se lect  the least  cost ly  methods for  ach iev ing o i l  conservat ion wi thout

incurring any costs for rent-seeking behavior. To the extent that these

assumptions are not conect, our cost estimates may be too high or too low.

A.  Enq i  neer i  nq-Cost  Stud ies

Some ana lys ts ,  inc lud ing  the  Nat iona l  Academy o f  Sc ience Synthes is  pane l

on  the  Po l  i cy  Imp l ica t ions  o f  Greenhouse Warm, ing  (1991) ,  have used

engineering-cost studies to argue that supplies of conserved energy are

ava i lab le  a t  a  ne t  sav ings  o f  cos t  to  consumers .  To  the  ex ten t  tha t

engineering-cost studies correctly represent the cost of energy conservation,

the cost est imates presented here would be too high.

l ' larket - ori  ented economjsts f ind this l ine of argument troublesorne. In

the  absence o f  iden t i f iab le  marke t  imper fec t ions  or  imp i ic i t  l i fe -s ty le

changes,  the  argument  requ i res  tha t  ind iv idua ls  behave ine f f i c ien t ly  by

overlooking energy conservation options that would reduce costs. Among other

factors, third-party purchases and the lack of information have been

ident i f ied  as  poss ib le  imper fec t ions  in  the  energy  marke t .  Nonethe less ,

Cavallo and Sutherland (1993) have found that energy markets are no slower in

adopting cost-saving technology than other markets, trhich suggests that

suppl ies of conserved energy at a net savings of cost may be i l lusory.

B. The Pol i  t i  cal Process
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An ana lys is  o f  the  po1 i t i ca l  p rocess  th rough wh ich  o i l  conserva t jon  wou ld

be achieved suggests our cost est imates might represent lo$rer bounds. To the

ex ten t  tha t  U.S.  conserva t ion  po l  i cy  a l te rs  f ree  marke t  dec is ions  and pr ices ,

i t  c rea tes  oppor tun i t ies  fo r  ren t -seek ing  behav io r .  Among o thers ,  Tu l lock

(1967,  1980)  has  argued tha t  jnd iv idua ls  who seek  a  ren t  have an  incent ive  to

expend real resources up to the value of the rent. In doing so, they

d iss ipa te  the  ren t  as  cos ts .

The reduced cost of U.S. oi l  imports can be viewed as a rent created by

U,S.  o i l  conserva t ion  po1 icy ,  Accord ing ly ,  ren t -seek ing  behav jo r  cou ld

generate costs as high as the benefi t  obtained by reducing the cost of oj l

impor ts .  In  our  exerc ise ,  the  marg ina l  cos t  o f  U .S.  conserva t ion  wou id  r i se

up to the amount by which a marg' ina1 jncrease in U,S. conservation reduces

impor t  cos ts .

The use o f  ins t ruments  o ther  than an  o i l  consumpt ion  tax  to  ach ieve  o i l

conserva t ion  cou ld  a lso  cont r ibu te  to  the  cos t  o f  conserva t ion .  Leg is la t ion

a imed a t  spec i f i c  o i l  conserva t ion  techno log ies ,  wou ld  c rea te  ren ts  fo r  the

producers  o f  spec i f i c  techno log ies  and g ive  r i se  to  fu r ther  cos ts .  In

add i t ion ,  Brown (1982)  has  shown tha t  pas t  a t tempts  to  leg is la te  spec i f i c

conserva t ion  techno log ies  have been ine f f i c ien t .  The marg ina l  cos t  per  un i t

o f  energy  saved var ied  cons iderab ly  across  the  leg is la ted  techno log ies .  The

leg is la t ion  a lso  ignored many Iow-cos t  methods  o f  conserva t ion .

vI. c0t{clusloils

The preced ing  ana lys is  a l lows us  to  reach th ree  conc lus ions .  F i rs t ,  a l l

o f  the  mode ls  show tha t  the  f i rs t  one mi l l ion  bar re ls  o f  U .S.  o i l  conserva t ion

can be  ob ta ined a t  a  marg ina l  cos t  be low $10 (1988 do1 la rs )  per  bar re l  .  Some

of  the  mode ls  show sharp ly  r i s ing  cos ts  a f te r  tha t  po in t .  Second,  uncer ta in ty
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about future oi l  market condit ions suggests that taxation is preferable to

government  mandates  fo r  ach iev ing  o i l  conserva t ion .  F ina l l y ,  wor ld  o i l

conserva t jon  ach jeved th rough un i la te ra l  U .S.  ac t ions  cou ' ld  p rove  cos t ly

because U.S.  conserva t ion  is  l i ke ly  to  t r igger  o f fse t t ing  ga ins  in  non-U.S.

o i l  consumDt  i  on .

Because the  mode ls  show cons iderab le  var ia t ion  in  the  es t imated  cos ts  o f

o i l  conserva t ion ,  the  es t jmated  cos t  o f  quant i t y -based ta rge ts ,  such as

ho ld ing  U.S.  o i l  consumpt ion  a t  1988 leve ls ,  can  range f rom inexpens ive  to

qu i te  cos t ly .  In  those cases  where  quant i t y -based ta rge ts  p rove inexpens ive ,

the conservation pol icy does not represent much of a departure from condit ions

tha t  wou ld  p reva i l  in  an  unregu la ted  rnarke t .  I f  we take  the  var ia t ion  across

models to represent the extent of uncertainty about future oi l  market

cond i t ions ,  our  f ind ings  suggest  tha t  conserva t ion  taxes  wou ld  be t te r  serve

economic eff iciency than conservation targets. l , l i th conservation taxes,

market forces can adjust the quanti ty conservation such that the marginal cost

is equal to the tax, even when the costs are unknown.

Under taken un i la te ra l l y ,  however ,  U .S.  o i l  conserva t ion  is  I  i ke ly  to

reduce the  wor ld  o i l  p r i ce  and t r igger  o f fse t t ing  ga jns  in  wor ld  o i l

consumpt ion .  The ex ten t  o f  these ga ins  w i l l  depend on  the  respons iveness  o f

non-U.S.  o i1  consumpt ion ,  0PEC supp iy  and non-0PEC supp ly  to  changes in  p r ice ,

as  we l l  as  the  ex ten t  o f  U .S.  conserva t ion .  The more  respons ive  non-U.S.  o i l

consumpt ion  is  o r  the  less  respons ive  wor ld  o i1  p roduc t ion  is  to  changes in

pr ice ,  the  grea ter  the  ga ins  in  non-U,S.  o i l  consumpt ion ,

To the  ex ten t  tha t  U.S.  energy  conserva t ion  po1 icy  i s  mot iva ted  by  g loba l

concerns ,  un i la te ra l  ac t ions  cou ld  p rove qu i te  cos t ly .  Incorpora t ing  marke t

feedback effects into the supply curve of conservation general ly increases the
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est imated cos t  o f  conserva t ion .  For  a  in te rmed ia te  case- -one in  wh ich  0PEC

supp ly  i s  assumed to  be  un i ta ry  e las t i c - - the  es t ina ted  marg ina l  cos t  o f

achieving world conservation through uni iateral act jons ranges from $8 to $35

(1988 do1 la rs )  per  bar re l  a t  a  consbrva t ion  leve l  o f  two mi l l ' i on  bar re ls  per

day .  For  the  same case,  the  es t imates  are  $23 to  $75 (1988 do l la rs )  per

bar re l  a t  a  conserva t ion  leve l  o f  th ree  mi l l ion  bar re ls  per  day .  For  an

ex t reme case- -one in  wh jch  0PEC supp ly  i s  assumed to  be  per fec t l y  ine las t i c - -

the  es t imated  cos t  o f  conserva t ion  r i ses  much more  rap id ly .
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APPEI{DIX: S0lilE ANALYTICS 0F U.S. 0IL C0}ISERVATI0I{

l{e use a wel fare -theoret i c approach to derive formulas for the marginal

cost  o f  o i l  conservat ion.  For  the Uni ted States,  soc ia l  wel fare in  the o i l

narket  is  the sum of  U.S.  consumer and Droducer  suro luses:

(A l )

In  the  above equat ion ,  l . l  denotes  the  U.S.  we l fa re  ob ta ined f rom the  o i l

marke t ,  Qo the  quant i t y  o f  o i1  dernanded ' in  the  Un i ted  Sta tes ,  Po the  U,S.

demand pr ice  ( the  marke t rs  marg ina l  va lua t ion  o f  consumpt ion  exc lud ing

ex terna l i t jes )  a t  each quant i t y  (Q) ,  Pu the  wor ld  p r ice  o f  o i1 ,  Q,  the

quant i t y  o f  U .S.  o i l  supp l  jed ,  and P,  the  U.S.  o i1  supp ly  p r ice  (marg ina l  cos t

o f  u .S .  o i l  p roduc t ion  exc lud ing  ex terna l i t ies )  a t  each quant i t y  (Q) .

A .  The Cost  o f  U .S.  Conserva t ion

I f  the  marg ina l  cos t  o f  conserva t ion  is  de f ined as  the  we l fa re  los t  in

the  U.S.  o i l  marke t  by  reduc ing  U.S.  o i l  consumpt ion  on  the  marg in ,  the

negat ive  o f  the  f i rs t  der iva t ive  o f  } l  w i th  respec t  to  Qo y ie lds  the  marg ina l

cost of conservati  on:

MC.=Po-t.#o, $z't

In the above equation MC, denotes the marginal cost of conservation, Q. the

quanti ty of conservation (where dQ. = -dQo) , and Q the quanti ty of U.S. oi l

i  mports .

B. The Global Effects of Unilatera' l  Conservation

ao o"

u =dPD(a)aa -P,Qo +Psas -dPs(a)aa
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The net  e f fec t  o f  un j la te ra l  U .S.  ac t jons  on  wor ld  o i l  conserva t ion  is  s imp ly

the  quant i t y  o f  U .S.  o i l  conserva t ion  minus  the  induced change in  o i l

consumpt ion  in  the  res t  o f  the  wor ld .  The change in  o i l  consumpt ion  ou ts ide

the United States depends on how that consumption is affected by a change in

the  wor ld  o i l  p r i ce  and how U.S.  conserva t ion  ac t ions  a f fec t  the  wor ld  o i l

p r i ce .  There fore ,  the  re la t ionsh ip  be tween a  un i la te ra l  change in  U,S.  o j l

conservatjon and the net change in world oi l  conservation can be expressed as

fol I ows :

40^,

dP, [aq* aQrr]-t
-  = t _  -  _ l
dQc I aP, aP, J

- dQor. dP,

aPH aQc
(A3)

In the above equation, Q., denotes world oi l  conservation and Qo, the quanti ty

o f  o i l  consumpt ion  ou ts ide  the  Un i ted  Sta tes .

If  consuners and producers are price takers, the effect of U.S. oi l

conservation on the world oi1 price can be expressed as a function of

under ly ing  demand and supp ly  cond i t ions .

(A4)

In  the  above equat ion  Q*  denotes  the  quant i t y  o f  o i1  supp l ied  wor ld  w ide .8

As is shown by taking the f irst derjvatives of dP*/dQ. with respect to

AQDx/aPH and dQru/dP* the greater the response of non-U.S. oi1 consumption or

wor ld  o i l  p roduc t ion  is  to  a  g iven change in  the  wor ld  o i1  p r ice ,  the  smal le r

is  the  impact  o f  U .S.  o j l  conserva t ion  in  reduc ing  wor ld  o i l  p r i ces .  A  change

in  U.S.  o i l  conserva t ion  w i l l  induce a  change in  the  wor ld  o i1  p r ice  such tha t
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the  resu l t ing  change in  non-U.S.  o i1  consurnpt ion  less  the  change in  wor ' ld  o i l

p roduc t ion  jus t  equa l  the  change in  U.S.  o i l  conserva t ion ,  The more

respons ive  e i ther  non-U.S.  o i l  consunpt ion  is  o r  wor ld  o i1  p roduc t ion  is  to  a

change in  p r ice ,  the  smal le r  i s  the  change in  wor ld  o i1  p r ice  requ i red  to  make

the  wor ld  o i l  marke t  ad jus t  to  a  change in  U.S.  o i l  conserva t ion .

Combining equations A3 and A4, yields an expression that shows how supply

and demand cond i t ions  a f fec t  the  re la t ionsh ip  be tween U.S.  o i l  conserva t ion

and ne t  wor ld  o i l  conserva t ion .

(A5)

As indicated by the f irst derivative of dQ.r,/ |Q, with respect to 8Q.*/dP*

the  more  respons ive  wor ld  o i l  p roduc t ion  is  to  a  change in  the  wor ld  o i l

p r i ce ,  the  more  e f fec t i ve  U.S.  conserva t ion  is  in  ach iev ing  wor ld

conserva t ion .  Under  these cond i t ions ,  the  wor ld  p r ice  changes less  and the

increase in  non-U.S.  consumpt ion  is  smal le r .

As indicated by the f irst derjvative of dQru/dQ. with respect to 0Qor/0P,,,

the  more  respons ive  non-U.S.  consumpt ion  is  to  a  change in  the  wor ld  o i l

p r i ce ,  the  less  e f fec t i ve  U.S.  conserva t ion  is  in  ach iev ing  wor ' ld

conserva t ion .  Under  these cond i t ions ,  the  wor ld  o i l  p r i ce  changes 1ess ,  bu t

g iven the  grea ter  respons iveness  o f  non-U.S.  o i1  consumpt ion  to  p r ice ,  the

sna l le r  change in  p r ice  leads  to  a  g rea ter  change in  non-U,S.  o j l  consumpt ion ,

dQce , dQo, ldQo, dQrr)-t

dQc dPu I aPH aP, J
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t .  An alternatjve to the approach taken here is to make appropriate

adjustments when measuring the benefi ts.

2 .  Th is  de f in i t ion  o f  cos t  assunes tha t  conserva t ion  is  ob ta ined by  ge t t ing

consumers to adopt techniques that they f ind more costly to use than oi l .

3 .  Hoe l  (1991)  examines  a  case jn  wh ich  one count ry ,s  un i la te ra l  ac t ions  to

reduce emiss ions  cou ld  lead to  an  inc rease in  g loba l  emiss ions .  Th is  ou tcome

depends on  the  count ry 's  un i la te ra l  ac t ion  weaken ing  i t s  barga in ing  pos i t ion

in  a  g loba l  negot ia t ion  on  emiss ions .  The assumpt ion  made in  the  present

analysis that U.S. conservation affects foreign oi ' l  consumption only through

wor ld  o i l  p r i ces  prec ludes  such an  ou tcome.

4 .  In  the  Gate ly  mode l  ,  demand e las t ic i t ies  vary  w i th  the  d i rec t ion  and

range o f  the  pr ice  change.  There fore ,  the  pr ice  e las t i c i t y  o f  U .S,  o j l  demand

revea led  by  compar ing  the  r i s ing  and f la t  p r ice  case wou ld  no t  necessar i l y



represent  how the  mode l  wou ld  respond to  the  inc reases  in  the  U.S.  o i1  p r ice

cons idered here.

5 .  A l1  repor ted  pr ices  are  in  1988 do l la rs .

6 .  When U.S.  conserva t ion  leaves  the  wor ld  o i l  p r i ce  unchanged,  there  is  no

difference between U.S. and world conservation nor betlveen the marginal cost

o f  U.S.  conserva t ion  and the  marg ina l  cos t  o f  wor ld  conserva t ion  ach ieved

through a  un i la te ra l  U .S.  po l  j cy .

7 ,  The EMF s tudy  d jd  no t  p rov ide  cos t  es t imates  fo r  U.S.  o i l  conserva t ion .

The authors made the cost est imates presented here with parameters inferred

from two scenario runs made vl i th the identi f ied models,

8. Note that AQDx/aPu = "DX.(QDX/PH) and dQ.u/dP, = "sr.r. (Q.*/Pu1 , where "o* is

the  e las t i c i t y  o f  non-U.S,  o i l  demand and " .u  i s  the  e las t i c i t y  o f  wor ld  o i1

suppl y .



Table 1
Models in EMF Study

Model Working Grouo Contact*

EIA:OMS Mark Rodekohr, Enerry Information Administration
CERI Anthony Reinsch, Canadian Energr Research Institute
HOMS William Hogan, Harvard and Paul Leiby, Oak Ridge National Laboratory
FRB-Dallas Stephen P. A. Brown, Federal Reserserve Bank of Dallas
DFI-CEC DaIe Nesbitt, Decision Focus, Inc.

*Organization listed for identification purposes. Models and results do not necessarily represent
official views of listed organization.



Iable 2
Inferred Price Elasticities of Regional Supplies and Demands, 2010

Other

oMs
CERI
HOMS
FRB-D
DFI

USA

-0.327
-0.441
-0.308
-0.537
-0.185

-0.465
-0.452
-0.381
-0.528
-0.532

NonOBCO

-0.149
-0.455
-0.280
-0.400
-0.190

NonOPEC

0.170
0.144
0.510
0.480
0.981

Other
OECD USA

0.340
0.196
0.522
0.475
0.499

Note: Price elasticities have been inferred by comparing quantities supplied and demanded in the
EMF rising and flat price cases.



Table 3
U.S. Oil Consumption, World Oil Price, U.S. Demand Elasticity, and Implied Tax,2010

U.S. Oil Consumption
(millions of bbl per day)

1988 2010 Change

L7.6 18.9 1.3
r7.5 20.5 3.0
r7.s 19.9 2.4
17.5 23.5 6.0
17.57 19.7 2.2

U.S. Demand
Elasticity

World
Price

53.90 -0.327
29.62 -0.441
52.38 -0.308
44.38 -0.537
25.99 -0.185

Implied
U.S. Tax

13.12
12.78
27.38
32.40
23.90

oMs
CERI
HOMS
FRB.D
DFI

Note: Price and Implied Tax are in 19889 per barrel.
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